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MECHANICAL ACTION FULZES |

Genaral.

Az you know, a certain amount of heat or sheck is required to have
explosives burn or detonsate. Eombers use various mechanical devices to
produce this hest or shoek. During this class, we &re going to analyze
some devices requiring a mechanical action{a). :

Definitions.

2. MNechanical fuze - any mechanical mechanise that is employed in =
hasardoua device and designed to functien only wher acted upon by
an outaide force.

b. Mechanical fuse types:

(1) Manual - Azy mechaniam that Tequires phryeical action; i.e.,
pressure, pull, or pressure releass to actuate the devige.

(2} Barometric - i bellows or hlilunn aystem vhich will expand or
contract on altitude (air pressure) or pressure changes
opening or closing electrical contacts.

(%) Hydrostatic - A bellows or balloon syetee which will erpand or

contract on depth {water pressure)! or preseure changes opening
or closing electricel contacts.

{4} Thermal = Anv hesat sensitive device that wil: oper or close a
awvitch vher the proper amount of heat or cold is applied.




(8)

Material fatigue - Any materisl, used as 8 delay, that will
detericrats, break, or weaken and ceuse & circuit to be com-
pleted.

3, Punctional Analyeis of Mechanical Mechanisms {fuzes):

!

Manual Fuzes -

(1} Mouse trap. (Pressure Release or Pull) Ome wire is comnected
tc the bale of the mouse trap end the other to the wooden base
of the trap.

(a) Method of employment.

(8] Mouse trap switch may alec be used as a percussicr +ype
using the striker as a firing pin and & shotgun shell as
detonator.

(2) Letter bord.

Thiez device is cornteined in en airmail envelope. The firing
device assembly is comprised of g machined %rass housing in
which ia piaced a ateel sprirg. firing pin. primer cap, aznd
primer anvil. This assembly, vhich is sctuated by a pressure
releast lever hipged at cne ernd ol the housing by meacs ol &
steel pipn, is mounted in tendem with a tlasing cap. Tre
esseedly is activeted wheo the letter ias opened, thereby
allowing the lever to release the firing pin to hit the primer
cap which is driver against the anvil causing a flash tc ecrter
the blasting cap and detonating the maip explosive charge.



{3) Pressure.

(a)

(b}

(e)

Penny match beox fuze.

This fuze ie conatructed Yy weaving one bare wire later-
ally back and forth through the lower (mliding) eection
of a penny match box. The other contact wire is wrapped
longitudinally around the top porticn of the match box.
A pressure {1 to 2 pounds) applied to the match box
conpletes the electricel cireuit and fires the explosive
charge.

Tin can strips.

This is a siEple slectrical pressure fuse constructed of
bent strips of a tin can. Preasure on the upper pieces
of tin causes it to bend and make contact with the lower

plece thus completing the firing circuit.

Tin can lids.

This fuze is made from two can lids. The lide have holes
punched through them and a wire soldered to emch 1lid
forming a ewitch. VWhen this fuge is used, a piece of
paper is placed between the two lide to act as a- in-
sulator. VWhen pressure is applied, the shary edgee of
the holes cut through the paper irsulstor and zetsl to
metal contact is made detomating the erplosive charge.




(4)

(5)

Clothespin switch (pull/tenmeion releese). This switch con-
sists of a clothespin, two metal contacts, insulator, and =
trip wire. A pull on the trip wire will dislodge the insu-
lator from between the jawe of the clothespin and the spring
actien of the clothespin forces the two metal contacts to-
gothar completing the electrical cireult.

{a) This type of switch ia normally employed in an electrical
cireult. . )

(8) Switch was used in a device found in Des Moines, Iowa, on
21 Jun 70. Device was a astesel tool box with removable
tray. The pull wire was attached to tray and designed to
function when the police officer removed the 1tray to
inspect components of box.

¥Wire loop fuze.

This pull fuse consists of two pieces of insulated wire, vhose
ends have been stripped of the insulation and twisted inte
loops. The straight portion of each wire is then passed thru
the looped portion of the other. Iz the alide, the white vire
has bYeen =20lidly fastened te the bdloeck. A rubber band pre-
vents the bere locops from contacting one mnother. Auyone
pulling on the string would overcome the resistance of the
rubber bard and cause the twe bare wire loovs to ccotaect,
completing the electrical circuit and detonating the bonmb.




(6) Trembler/Vibratory Switchea.

(m)

(b)

Trembler and vibratory switches are actuated by movement
or vibration. Ussed am a primary or auriliary firing
mechanism. Most hasgardous to a bomd disposal person.
Devices using thess switches usually incorporete an
ataing delay to allew safea aeparation for the person
emplacing the device.

Cleck leaf spring.

Thies vibratery fuze is conatructed from a piece of leaf
epring of ar alarm clock. The right end of the epring
has been glued to a board. The left end of the apring
has a welight attached to incresse eensitivity. Two naila
have been driven into the board on either side of the
veighted end, and slectrical contact wires secured to the
nails. Any movement of this fusze in a horizontal plame

would function it.

Metal ball switch. The metal ball awiteh is conatructed
to twe "U" shaped pleces of copper wire, o zetal tall,
and & base. This evwitch will close an electric circuit
vhen it is tipped ir any direction.

(7) Ti1it.

{a}

Mercury switech (tilt). Coneists of & glass envelepe with
leakproof ende, rigld, metal electrodes fuzed to its
wvalls, and a pool of mercury. When the awitch ia tilted,
the mercurvy flows over and arocund the electrodes and
contact is made completing an electrical ecircuit. An
asrming delay (clock or timer) is ususlly erpleyed iz the
eireuit. Switches may be found in pairs, wired in paral-
lel so thet the device may funeticn Yy either tiltinme or

rolling.



(»)

(c)

(4}

Pill bottle pendulum,

T™is fuze 1is constructed from a smell pill bottle, =
contact ring made of brass window mcreen, and a pendulum
hanger which passes through the plastic cap of the bot-
tle. Tilting thim fuze causes the pendulum to awipg and
touch the contact ring completing an electrical cireult.

Pall switch {door kmob device}. Thir cevice coneiste of
a metal tube, & cork, 2 ball besring, and two nails
arranged as shown. The mfety pin {5 withdrawn vhen the
switeh is _1““11Iﬂ- Yoer the ‘.aDe 18 rotated suffi-

clently, gruvity rolls the bearing into contact with the
nai]l and completes an electric cireuit.

Shallow dish [ball bearing).

In this Tuze, two alumirum dises have beer hammered into
ahallow dishes. ¥ires are attached to each dish. An
insulating ring of cardboard, rubber, or plastic is cut
and glued tc one wsatal dJdish. A stee]l ball bearipcg 1=
then placed in the disk and the two dishes ars glued
together. VWhen the fuge is tilted, the ball bearing
comes 1n contact with the two dishes apd an electrical
cireuit is completed.




d.

Rydrostatic fuze. This device is made from a can with an inner
tube or any type of rubber. The tube is stretched across the top
of the can. The contact im positioned under the tube. The spacing
betvesn the contacts determines the depth at which the charge will
detonate. As the can descends in depth, the water -reseure forces
the rubber cover inm, pushing the two contacte together in order to
complete the circult.

Thermal fuses - Funciions by temperature changs, either an ipcreaae
or decrease.

(1) Bi-metal. Two contacts separated and attached to ome terminal
of the battery. A bi-metal astrip is placed between the two
contacts and attached to the other terminal of the battery.
At a predetermined tewperature, the bi-metal atrip is net
making contact with elther of the other contacts. With =&
change in temperature, the bi-metal strip wlll move and will
complete the firing elireult.




(2) Soluble Material.

(a)

(v)

{e)

{Clothespin and wax). Thie device employs the clothespin
technique and any scluble pubstance that will disoclve
with heat. The substance, wax, ims placed between the
open contacta of the clothespin. When encugh heat is
applied, the waxr melts thereby completing the firing
cireuit. The time delay can be controllsd by the type
and thickness of the wax used.

Clothespin and Iee Cube. This thermal delay switch

consists of s clotheapin which is set in an ice cube tray

and placed in & freeser until the water freeces arcund

the finger grips. is the ice melts, the jawes of the

:}uth;:ph will enap together and complete the slectrical
reuit.

Hacksaw blade and ice cube.

In this fuze, a hacksaw blade with & wire scldered to it

has been fastened to a flat plece of wood. Pressed into
the flst board directly under the end of the hacksaw
blade is & thumbtack with a wire soldered %o it. The
hacksay has been bent upwards and an ice cube placed
betwesn %the tlade and the beard holding the contacta
opani. As the lce melts, the hacksaw blede movee dowvnward
until contact is pade thereby completing the electrical

circult.




(4) Mousetrap with paraffin.

This fuze conaista of a2 mousetrap wired into a sapring
losded elesctrical ewitch. The snap bar is held in the
cocked position by a block of paraffin. The paraffin ia

held in position by a wood screw pasaing upwarde through
the wooden base of the mousetrap and ecrewed into the

paraffin. As the day warms up, the paraffic will soften
and the snap bar will cut ite way through uatil it ia
free to anap over and complete the electricel circuit.

(%) Thermal loss delay.

On September 21, 1972 a device consisting of twenty (20)
aticks of Hercules 40% dynamits was placed inside a JP-4 jet
fuesl atorage tank containing spproximately 640,000 gellens of
fuel. The storage tank was located at K. I. Sawyer AFBE {SAC)

Richigan.

The fose for the device was a2 thermal loss dslay using the
thersostat slememt off a WRAP-ON sutomatic slectric heat taps
with a temperature sstting of appreximately 38 degrees.

The fuze functioned and detonatsd the blasting cap but fuel
0il had entered the plastic bags 1o which the device was
wrapped thersdy desensitiring the dynawite and preventing a
high order detonation.

The device vas removed from the etorage tank by Alr Force FOD
personnel apd rendersd safe bty the Michigan State Folice
Officers. .

(e) Materin]l Patique Puzes - Worke on detericretion of a
material in order toc cloase slectiricel contacta or release
a cocked firing pin.



(1) Wire solder delay. A plece of wire soclder ism fitted

(2)

inte a previpusly notched ares on the finger grip
portion of a clothespin ewitch end twisted tight.
When ready for use, the pressure of the clotheapin
ppring beginm to slowly stretch out the wire eolder.
Depending on the diameter and type of wire aolder
used, varylog delays may be selected. (1/16 ipeh
roein core solder produced time delays from S5 min-
utes to 1 hour and 15 minutes.)

Surgical tubing delay. A length of rubber tubing
(surgieal tubing is excallent) is slipped over the
finger grip portion of mn clothespin switch. A amall
nick is cut in the forward edge of the tubing. The
spring pressurs of the finger grip portion of the
clothespin on the surgical tubing causes the rubber
to slowly tear from the cut end toward the opposite
epd of the tubing.




INCENDIARY MATERIAL AND
CHEMICAL INITIATING DEVICES

GENERAL

Fire has been vsed by military forces as a weapon
of war for centuries. Today, it 15 used as & prime
weapon by malcontents, subversives, revolutionar-
ies. and others. In this class, we will study various
means and types of devices used to start and accel-
erate fires.

DEFINITIONS.

Fire. The state at which ignited fuel or other ma-
terials combine with oxvgen, giving off hght, heat,
and flame. There are three requirements: (1} the
fuel or oxidizable material must reach (2) a certain
temperature (heat] in the presence of (3) oxygen
(usually air}), unless the material being used has
the ability to produce its own oxygen.

Ignition Temperature. The temperature at
which an oxidizable material will ignite without
having a flame or spark applied to it. Gasoline, for
example, has an ignition temperature of 495 de-
grees Fahrenheit.

Flash Point. The lowest temperature at which a
liguid will give off enough vapor to ignite if you
apply a flame to it. Gasoline, for example, has a
flash point of (—45 degrees Fahrenheit.) At the
flash point, a liquid produces vapor that will burn
only as long as an ignition source is present.
Fire Point. The temperature, usually a few de-
grees above flash point, when the vapors will con-
tinue to burn after removal of the ignition
SOUTCe.

Explosive Limits. Strict upper and lower
limitations of flammable solids and liquids between
which they will burn or explode. The explosive or
flammable limits of a material refers to the ratio
between the amount of potentially flammable
vapor mixed with ambient air or oxygen. The lower
limit is the minimum concentration of vapor in air
or oxygen below which the propagation of flame
does not occur on contact with a source of ignition,
Likewise, there is 8 maximum concentration above
which ignition does not occur. Example: Gasoline -
upper limit 7.6%, lower limit 1.4%.
Spontaneous Combustion. The ignition of a sub-
stance from the rapid oxidation {combining with
oxvgen) of its own elements without heat from any
outside source. For example, stacked green hay
may burst into flame if not properly ventilated.

Igniter. A device or compound used to ignite an
incendiary charge.

—NOTES

SN BAUs Resipue
INDICATES ACID.




Pyrotechnics. Chemical compounds that, when
they burn, produce effects such as light, smoke,
heat, and gas pressures. They can also be used for
delay timing.

Corrosive Chemical Action. The eating away or
decomposing of various materials by chemicals.
These chemicals are used in firing devices for a
delay and/or initiating action. Corrosive chemical
action may complete firing circuits or release
strikers.

Hypergolic Action. To ignite or burst into flame
on contact. Hypergolic chemicals can be used to
start incendiary fires or to initiate certain explo-
sive devices when brought into contact with each
other.

IMPROVISED INCENDIARY
MIXTURES.

Chlorate and Sugar (50% potassium chlorate and
50% sugar).

Plaster of Paris {calcium carbonate and aluminum

powder}.
Thermite (60% ferric oxide (rust), and 40%
aluminum]). '

PETROLEUM PRODUCTS.

Thickened Gesoline. Gasoline mixed with one of
the following: {soap flakes, styrofoam, motor oil,
rubber bands, or military thickener,)

Solvents. (Used in the same manner as gasoline,
but tend to be more volatile than gas.)

Wax. (Sometimes is mixed with wood shavings or
saw dust to form blocks.)

‘Burnol Backfire starter, Astro Lite, and charcoal
lighter.

Military M-2 Fire Starter.

Self-Igniting Molotov Cocktail (2/3 gas, and 1/3
acid, potassium chlorate and sugar on outer label
of container.)

Self-Igniting Molotov Antipersonnel Cocktail.

TYPES OF INITATING DEVICES.

Pyrotechniec.
= Matches.

= Firecracker fuze.
«Safety fuze.

« Cloth wick. .

* Road flares.

* Sparkers,

+ Light bulb tissue paper.

—~ NOTES




Chemical.
« Copper pipe disk and sulfuric acid.
« Rubber diaphragm and sulfuric acid.
« Ping-pong ball and acid.
«Wax milk carton and acid.
e« Brown paper and cardboard glyeerin.

» Rubber bands soaked in geas. (Rubber bands
contract when the gas evaporates.)

«Other chemicals that are sometimes used
are:

¢ Water.
c Brake fluid.
o Score hair cream.
e Lestoil.
Hypergolic mixtures.

« Nitric acid and metal powders.

» Sulfuric acid, chlorates, and sugar.

« Potassium permangnate and glycerin.

«Sodium peroxide, sugar or powdered metals,
and water.

s lodine crystals, aluminum powder, and water.

+«Calcium hypochlorate (HTH), brake fluid,
Lestoil, glycerin, and Score hair cream.

SAFETY PRECAUTIONS.

Clothing. Public safety personnel who are respon-
- sible for handling and disposing of chemicals, or
incendiary devices containing chemicals or their
residues, should wear adequate protective clothing.
Some important articles of clothing are as
follows:

« Nomex coveralls, gloves, and hood.
+ Safety gogeles (acid proof).
» Rubber gloves and apron for handling acids.

=Scott pack (self-contained breathing appa-
ratus).

Toxicity. Since chemicals are toxic when ingested
or ahsorbed, take the following precautions:

» Avoid breathing chemical fumes.

» Chemicals have slower reaction time when

temperature is beiow 50° Fahrenheit, or when
it 15 damp.
¢ Observe wind velocity and direction. -
+Use proper containers for chemicals and keep
fueling agents such as brake fluid, Score hair

cream and glycerine away from oxidizers,
HTH, and potassium chlorate.

— NOTES




« Avoid contact with chemicals. (Even chemical
residues can cause a reaction if they contact
your skin.)

Equipment. The following equipment should be
on hand at all times:

« Common equipment for dealing with hazardous
devices.

«First aid equipment for burns.

» Respirator, protective masks, and oxygen
breathing apparatus.

« Fire extinguisher types,

o Water. For petroleum, sawdust, and wax
incendiaries.

¢COg2. For sawdust, wax, and petroleum
incendiaries.

oDry chemical. For sawdust, wax, and petro-
leum based products.

¢ Dry sand. For most incendiary materials.

— NOTES
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MATERIALS COMMONLY USED FOR INCENDIARY DEVICES

MATERIAL

PHYSICAL APPEARANCE

NORMAL CONTAINER

HEALTH HAZARDS

REACTIVITY

Stuminum Powder

Caleium Hypochlorae

Ferng Oxide

Ciasoline

Glycerin

lndine Crystals

Mapnesium

Silver or grav powder
metal.

White pills or powder
with strong chlorine
adaor.

Reddish-brown pow-
dered metal (rust).

Liguid, color varies de-
pending on dyves added,

Clear, heavy, sticky
liguid.

Dark blue-red crystals
with metallic sheen.

Silvery metal (solid or
powder), looks like
aluminum.

Cans. barrelz, droms,
boxes. and hottles.

Air-tight cans, drums,
and haps.

Bottles, barrels, drums,
and hoxes.

Metal, glass, or plastic.

(ilass or plastic
containers.

Bottles and boxes.

Powder is shipped and
stored in tightly closed
bottles, boxes, and
drums: solid iz shipped
as ingots, billels, cast-
ings, or forgings.

Respiratory and eve
irritant.

Irritating 1o skin, eves,
and respiratory tract.

Respiratory and eye
irritant.

Toxic il ingested. Avoid
breathing vapors. Liy-
uid is explosive and
flammable.

Mo inherent hazard.

Poisonous if inhaled or
swallowed. Skin contact
also toxic. May cause

burns to skin and eyes

Dust is light irritant.

Forms explosive mix-
tures in air; reacts with
some mcids and caustic
solutions o produce
hvdrogen.

Produces chlorine gas
in contact with acids or
moisture. Ignites when
in contact with combus-
tible and organic
materials.

Relatively nonreactive,

Sensitive to [lame,
sparks, and static
electricity.

Reacts with calcium
hypochlorate and potas-
siUM permangnate.

Reacts with water gener-
ating sufficient heat to
cause combustion of
certain materials.

Combustible metal pow-
ders form explosive
mixtures with air. In
powder Torm, will resce
with water and acids 1o
release hydrogen.




MATERIALS COMMONLY USED FOR INCENDIARY DEVICES

MATERIAL

FHYSICAL APPEARANCE

_ NORMAL CONTAINER

HEALTH HAZARDS

REACTIVITY

Nitrie Acid

)
\j@ﬁ FEI];.,.

Potassium.

Potassium
Permangnate

Sodium

Sodium Peroxide

Colorless, clear liguid,
producing vellow or
reddish l[umes,

Transparent colorless
crystals or white
powder.

Dark purple crystals
with blue metallic
sheen.

Silver, waxv-like
metal, lurns
gravish-white when
exposed to air.

Yellowish-white powder,
turns yellow-brown
when heated.

Glass containers.

Steel drums, barrels,
Iiber containers, and
bottles.

Bottles and cans.

Hermetically sealed
cans, drums, and tank
Cars.

. Glass bottles, cans,

boxes, and meial
drums.

Causes severe tissue
burns. Fumes are toxic,
highly caustic and cot-
rosive liguid.

Toxic il ingested. Pro-
duces toxic flumes In
fire.

No inherent hazard.

Solid material causes
severe skin and eye
burns. Fumes from
burming sodium are

highly irritating to skin,

eves, and mucous
memhranes.

Toxic il ingested. Avoud
breathing dust. lrritat-
ing to skin and eyes.

Dangerous reaction with

many materials. Explo-
sive reaction with me-

tallic powders, carbides,
hydrogen "sulfides, tur-
pentine, and cyanide.

Powerlul oxidizing ma-
terial. Forms explosive
mixture with combust-
ble, organic or other
easily ignited, easily ox-
idized materials.

Powerful oxidizing ma-
terial. Explosive when
in contact with sulfuric
acid or hydrogen
peroxide.

Extremely dangerous in
contact with moisture

" or water hot enough to

cause ighition or
explosion.

Reacts vigorously with
water. Mixtures of sod-
ium petoxide and com-
bustible, organie, or
readily oxidizable sub.
stances are explosive
and ignite easily hy
friction or contact with
waler.




MATERIALS COMMONLY USED FOR INCENDIARY DEVICES

MATERIAL

PHYSICAL APPEARANCE

NORMAL CONTAINER

HEALTH HAZARDS

REACTIVITY

Sulbune Acul

Thermite

Colorless, clear, slightly
aily Tiguid.

Reddish-brown powder
with a slight silver
sheen.

(ilass or tellon
CONTALNETS,

Normally used ns a
filler in military
ordnance.

Causes severe deep
burns to tissue, Very
COTOSIve,

Respiratory and eve
irritant.

Explosive when mixed
with polassium
permangnate. Incendi-
ary when mixed with
black powder, potassium
chlorate, match heads,
sodium peroxide, and
calcium hypochlorate.

Extremely sensitive to
spark, friction, and
shock.




INTRODUCTION

This special text, used in the Civilian Confidence Competance Course (CCCC), contains
information on vanous switches and circuits that either have been or may be encountered
in nazardous devices. It is not intended to be an electronics guide, but rather a description
of how wvarious switches function and how they are used as electrical action fuzes in

arming and firing improvised explosive devices.

As technology increases the likelihood of encoumiering hazardous devices using these
and other sophisticated switches is increased.

To help you familiarize yoursell with the electronic circuitry, we have inserted a page
in the back of your text showing the most common electronic symbols. A symbol is a
simplified design representing a part in a schematic circuit diagram.

REVIEW OF DIRECT CURRENT.
Figure 1 shows the relationship between current, voltage, and resistance.,

I=CURRENT
) Lo

Figure 1. Ohm's Law Eqguations.

Requirements for a Circuit. Figure 2 shows a basic DC circuit. The components needed to

make the circuit work are:
e Source (power supply, usually a battery)
® Conductor {wire)
® Load (initiator)

]
= B

Figure 2. Basic DC Circuit,

Types of Circuits.
® Figure 3 shows a series circuil (current travels one path).

+
T _~«

Figure 3. Series Circuit.



# Figure 4 shows parallel (shunt} circuits (current travels more than one path).

TR PT
T4 '

Figure 4. Parallef Circuit,

# Figure 5 shows series - parallel circuits.

ARMING SW

L

BATT LOAD
e
CLOCK

ARMING SW

|

CLOCK l
BATT 9
LOAD

Figure 5. Series-Parallel Circuits.
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CONTACTS IN SWITCHES.

Theie are three switch contacts discussed in this special text. They are common {C),
normally closed {NC). and normally open (NO). Some switches have only two contacts
while others have three.

The common contact on a switch is always used, hence the name COMMON. Regardiess
of what the switch is designed to do, the common contact is one leg of the circuit going
to the switch and is the moveable contact.

A two contact switch. One contact is the common and the other contact is either normally
closed or normally open. If the switch is at rest with no external force or ¢nergy being
- applied, it is in its NORMAL position. The contacts are either open or closed. If they are

open. the contact is a NORMALLY OPEN contact. If they are closed, it is a NORMALLY
CLOSED contact.

Switches with three contacts always use the common and either the normally closed or
normally open contact depending on the action desired. When the switch is at rest {in its
normal position) the common i in contact with the normally closed contact. The remaining
contact 15 therefore open, hence the term normally open. This is how the terminology
normaliv open and normally closed has been devised.




MAGNETIC REED SWITCHES.

Magentic reed switches (influence switches) are used t¢ control circuits. They consist
of two overlapping. flat steel spring contacts, in a dry inert gas and sealed in a plass
or plastic envelope. A magnet, permanent or electro. causes the reeds 10 open or close

asz desired.

Figures 6, 7, B, and 9 show circuits using normally open and normally closed magnetic

reed switches.

A. B
MAGNET ETSS':;T
SW OPEN \ sw
.
)
v 17
|| o ||| oY
LIGHT OFF |

\__/ LIGHT ON

BATT BATT
Figure &. Magnetic Reed Switch-Normally Open.
A, B
MAGNET! MAGNET
1 OPENS SW
/
.
L
vy
| LIGHT ON l I LIGHT OFF
BATT BATT
Figure 7. Magnetic Reed Switch-Normally Closed.,
A, B.
MAGNET| MAGNET
c OPENS SW
® NO [ — NO
NC \ NC

Lo

c
— 3
vy
L\l (oY 1]
\__/ LIGHT ON |
BATT

BATT

N/ LIGHT OFF

Figure 8, Magnetic Reed Switch, Commaon Contact and Normally Closed Conract Used,



MAGNET

MAGNET]  CLOSES

Sw

’ { NC
] ] | {2\
| \__/ LIGHT OFF

BATT

Figure 3. Magnetic Reed Switch, Common Contact and Normally Cpen Contact Used.

STUDENT NOTES -

el & AN ELECTROMPONETIC. SWHTH .




NEED w0 SEPpRATE PDWER SOURCE, TO PROPERLY
OPERNMIE A RELPY.

STUDENT NOTES

RELAYS AS SWITCHES.

A relay is an electromechanical device used as an electronic switch to control a circuit.
bt uses a battery as a power source. Figure 10 shows a typical relay and its components,

A relay is made up of the following:
| Coil of wire (electromagnet}
Moveable contacts

£
k]
¥

Spring.

CONTACTS FOR
FIRING CIRCLIT

cC»
NC I
ﬁ

NO »

CONTACTS @

FOR RELAY

POWER

SOURCE f—

RELAY NOT ENERGIZED

Figure 10 Relay Switch.

{2l MOVEABLE
CONTACT

(31
SPRING

{11 ELECTROMAGHNET



Figure 11 shows schematics of a relay with commuon-normally closed contacts being used.

FIRING POWER SOURCE
(CIRCUIT OPEN]

r——————-

POWER SOURCE
] | FOR RELAY

RELAY POWER SOURCE ON-DEVICE 15 SAFE

3
| ¢ ]
Il | |
DEVICE FIRE 1 o : A HD:
| vy l
| l
| |
| |
® ¢
BREAK IN CIRCUIT
OR POWER SOURCE

_.I | I | DECAYED

RELAY POWER SOURCE OFF-DEVICE FIRES

Figure 11. Relay with Comman-Narmally Closed Contact.



Figure 12 shows schematics of a relay with commen-normally cpen contacis being used
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Frgure 12 Relay with Commaoan-Normally Open Conrtact



CANADIAN DEVICE.

The Canadian device {{ig. 13} was u seltcontained battery decay fuzing system. 1,.'{_'1.‘5'6.
The Canadian device counsisted ol the following: '{'ﬂ {.w

* Relay .ﬂ‘@

® Three hatteries ‘AM

¢ Blasting Cap qﬂgh

® Jacks and javk plugs @@2}3’\
e Light bulb (M

?1 JACK 2
b 1
fr————— g N.O + | \
]
i T 11
PN
p— | r"’
N.C. : ! A @ LIGHT
O o——i—J) I B2
ﬁ JACK 1
Figure 13. Canadian Device,
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MICROSWITCH.

A microswitch opens or closes a circuit by the use of either pressure or the relcase of
Pressure.

Figure 14 shows circuits connected to normally closed coniacts {Ab and normally open
contacts (B).

A. CIRCUIT CONNECTED TO NORMALLY CLOSED CONTACTS PRESSURE
APFPLIED

Y

NO C

<

B. CIRCUIT CONNECTED TO NORMALLY OPEN CONTACTS PRESSURE
APPLIED

Y

| 1HS

Figure 14 Circurts Connected to Mormally Closed ang Mormally Open Contacts
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FUSIBLE ELEMENT SWITCHES.

A fusible element switch (fig. 15), used to arm devices, changes the path of current
Mow from one circuil to another. The fusible element switch is made up of the lollowing:

1 Nonconductive base
2 Spring coniacts

31 Fusible. breakable wire

1—- NONCONDUCTIVE BASE
2~ SPRING CONTACTS
3- FUSIBLE, BREAKABLE WIRE

Figure 15 Fusible Efernent Switch.



Figure 16 shows a circuit using a fusible element switch for arming devices. The swilch
is in the UNARMED position.

FIRING SWITCHES

DETONATOR

SWITCH

FUSIBLE ELEMENT

ARMING

CONTACTS

Figure 16. Switch in Unarrmed Condition.

STUDENT NOTES



Figure 17 shows a circuit using 2 fusible element switch for arming a device. The switch
15 in the armed position.
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Figure 17. Switch in Armed Condition.
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CASTLE ROBINS DEVICE.

The first fusible element switch used in a dewice was in a simple series-parallel circuit.
The circuit contained a fusible element arming switch and two microswitches. The
microswitches were used as firing mechanisms. The device was built in 2 plywood box
that contained a hole for the arming rod. The device would fire if it was lifted or if the
top of the box was removed.

Figure 18 shows a series-pacallel circuit with a fusible element switch used in the Casile
Robins device.

FUSIBLE ELEMENT —
ARMING SWITCH
NC,
'
1
NO
Figure 18. Castie Robin Device
TRANSISTORS/THYRISTORS
TRANSISTOR
. . c
When thess components are used in & circuit, current will NOT flow
in Leg E-C (transistor]), Leg A-K {SCR) until a change in current flow is
felt at B {transistor), G (SCR) or the Gate {Arrow) of the thyristor.
B

Figure 18. Transistor, SCR, and Thvristor Symbols,

Due 10 the advent of semiconductors (transistors, etc.) and the accelerated advunues
in electronic components, bombers have been using some rather sophisticated electronic
fuzing systems. In this section we will take 2 basic layman’s approach to understanding
how some of these semiconductors work.

First of all, it is important to realize that transistors and thyristors all have somecthmg in
common: they all have three leads. For simplification, we will discuss only the transisior,
although thyristors are similiar.

NG

NC

SCR



There ure various (ypes of wransistors. They may be designed for filtering. amplification.
ot switching. [i is the latter that we are primarily concerned with. Spec:fically, how do
these electroniy switches work, and whal will cause them 1o function 3 device?

Transistors ure constructed of three separate layers of Silicon or Germanium, each layer
having a separate lead, They are called the base (B), emitter {E), and collector (C). The
arrow in the transisior schematic denotes the emitter. Two types of transistors (NPN.
PNP) are identified by the direction the arrow points. In the NPN the arrow peoints cw!,
und in the PNP. the arrow points in. {See Ngure 20 A).

A
B@ E
NFEN PNP
Ry

Rz
— A | —— IE 5i
Ri RI

Figure 20

Eavh laver of silicon within the transistor is doped with impurities to give it negative or
positive characieristics. WPN and PNP describe the arrangement of the material: neg-pos-
neg and pos-neg-pos. respectively.

The basic principal governing the switching actlon of the transistor is that a small current
flow controls a much greater one.

In figure B und C. a mechanical switch (§51) is being used 10 turn the transistor an and off.
It is nol necessary Lo use a mechanical switch, but it will help us to understand how the
current is Nowing.

In figire B. switch 81 is insuring the base of the transistor is at the same polarity as the
emitter, This way. nu current can possibly flow through the base,

Moving 51 to pusition A (Figure C) allows base current to flow {Ig). The base current
wauses collector current (le) to flow. thereby turning the transistor on. Collector current
15 often referred 10 as the load current. R3 is the load, and in a device, it would be
repluced by some form of an electrical initiater for the explosive charge.

If we remwve S} und replace Rl with an E cell or capacitor, base current will not flow un.

til resistance increases at the E cell or capacitor. In the following sections, we will ook
ab how these cireunts work.



ELECTROCHEMICAL CELL (E-CELL)
{From Mational Bomb Data Center Special Technical Bulletin 73-9, 74-3, and 74-9),

E-cell is 2 trade name for an electrochemical cell known also as 2 microcollometer or a
couliode. (fig. 21) shows a simple E-cell timing circuit.

RESISTOR

TRANSISTOR

T —

= E={ELL

Figure 21. E-Call Timing Circuit.

An E-cell consists of two electrodes and one electrolyte. One electrode is usually silver
and the other is gold. The cell has a silver electrode in the form of a case, and a center
gold electrode. The silver case performs a triple function; it is the silver electrode, a
reservoir of active metal (silver), and a container for the electrolyte. The case is called
the reservoir electrode. The center gold electrode is called the working electrode. The
electrolyte serves as the medium through which silver is plated onto or removed from
the gold electrode. The amount of silver transferred between electrodes is a function of
current and time. At a constant current flow through the cell, a specific length of time is
required to transfer a known amount of silver.

If the same amount of current is used to plate a given amount of silver as is used to

deplate the silver, the time for both actions will be the same. To change from plating
to deplating you reverse the direction of current flow.

While deplating is under way, the voltage measured across the cell is low; usually less
than 100 millivolts (0.1 V dc). As soon as the silver has been transferred the voltage
increases sharply (resistance increases sharply). This increase in voltage may be used

to operate switching devices such as a silicon contrelled rectifier (SCR) or a transistor,
1o complete a firing circuit 1o a detonator.

WARNING

1. Removing the battery from an E.cell firing device may cause the
device to fire.

2, Freezing an E-cell may cause it to act as if it has completed deplating
and can fire the device.

Dvopping an E-cell timer may cause the device to fire.
4. Removing an E-cell from a circuit will cause the device to fire.



Figurs 22 shows a passible wining diagram of a recovered E-cell timing device. (see STB 82.10)

BLALST' NG CAF
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AESISTOR EXPLOSIVE

By F
THAMSISTOR

IMFAROWISEL:
PAESSLIRE SWITCH

FOSITIVE SAFETY

BATTERIES

Figure 22 Possible Wiring Diagram of a Recovered E-Cail Timing Device.

An E.cell [ED was positioned in an airplane seat between the cushion and the webbing,
susveptible 1o the pressure of 2 seated passenger. Prior to its placement, the battery
pack wa- attuched and the jack used to arm the [ED. Application of pressure, therefore,
activated the E-cell cicruit. (This theory is continguent upon the power source being
wired as indwated in Figure 22.) Following the elapse of the predetermined interval
o the E-cetl. the circuit through the transistor was closed. detonating the cap and
cuslogive. In thus case, 1he time delay period has not been determined.

NOTE: By changing the resistance in the E-cell circuit you can delay the timing
device for over a year.

STUDENT NOTES

you SHULD NOT ATACK. AN E-CELL WHEN YIU RENTER
A PENICE INERT,




RESISTOR CAPACITOR TIMER (RC TIMER)
IACP TB 2-72.

A resistor capacitor timer (fig 23) works on the same principle as the E-cell. While the
capacitor is charging, the transistor is turned OFF. Wher the capacitor 15 fully charged.
current flows through the transistor and detonates the device.

This type of circuit has a possible time delay of from seconds to hours. It was used
to make homemade hand gren_ad:s.

CAPACITOR
VARIABLE “— BATTERY
RESISTOR Smp—
— hﬁ—-__—

Figure 23. Basic Resistor/Capacitor Timer.

VIENNA LETTER BOMB.

This device used a capacitor, batteries, and a slide swilch as the timer. The hatteries
also fired the explosive.

The capacitor charges to the batteries voltage (16.8 V). When the shide switch is moved
on opening the package, the circuit is completed through the blasting cap and 1ires
the device.

SLIDE SWITCH

CAPACITOR
E j
v >

FOURTEEN 1.2 BATTERIES

el el b]e

Figure 24 Vienna Letter Bomb.



ELECTRONIC DELAY CIRCUIT.
{See Nationai Bomb Data Center Special Techmical Bulletin 75-1 and 75-1/1).

Two devices using the same electronic delay circuit design have been found. One curcuit
was connected to a pipe filled with explosives. The other was connecied to a plastic
pox with explosives. The circuit designs were primarily the same. the difference being
the value of various components thus allowing two different delav times.

The circuitry shown in figure 23 has 11 electrical components mounted on a 2 inch by
3 inch plece of fiberglass, copper clad, printed circuit board. The electronic timer supplies
power (o a blasting cap after a predetermined time period has elapsed. The device is
totally electronic and has no moving or mechanical parts. There is no visible or audible
indicatiun that a timing process is taking place.

- - -
5 - - B
o1 w —_

e
c2
. R3 1" 16
LMn

Figure 25 Electronic Delay Circuit (555 Timer).

To power this timing circuit, 9 volt battery clips were soldered cnto the board. Two
machine bolts and nuts were mounted through one end of the board 10 connect the
blasting cap 10 the timer. The batteries and blasting cap may be attached in any sequence
as the design of the circuit precludes any power being supplied to the cap before the
elapse of the designed time period. In addition, the timing process does not begin until
the battery, Bl, farthest from the cap post is attached to the circuit.

The circuit design has four parts: a timing oscillator, a time accumulator, a switching
section. and a dual battery power supply. All components used in the circuit can be
purchased at most electronic supply stores.

The uming vseillator is similar to the balance wheel in a clock. It consists of Signetics
ntegrated circuit (IC) 555, and RI, R2, and C]. The IC serves the same purpose as
the ticks of a time piece. RZ is variable within limits and can be used to adjust the pulse

rate of the oscillator, This adjustment corresponds to the speed adjusting mechanism of a
clock.

The nme accumuiator is similar 1o the mechanism which gears down a clock. It consists
of an RCA IC, CD4020. C2. and R3. The RCA IC is a 14 stage binary counter.

It accumuistes a predetermined number of impulses at pin 10, and provides an output
pulse vn pim 3, When power 15 applied. C2 and R3 provide an automatic reset pulse

a2
INELS

SWITCHING
SECTION




to pin 11 insuring the accumulator always starts at zero. In this design, the accumulator
is counting the pulses from the oscillator. After a predetermined number of pulses

have been counted, the IC responds by providing a voltage at pin 3.

The switching section provides power to the blasting cap on command from the time
accumulator {pin 3). This is similar to an alarm clock sounding when the hour hand
and the alarm set hand overlap. This section consists of two 2N5449 transistors and
R4. The transistors are arranged in a power gain design, and act as a switch which in.
this circuit is normally off. When the time accumulator counts to the designated number,
the signal voltage on pin 3 of 1C CD4020 causes this switch to turn on. This completes

the circuit through the blasting cap.

The dual battery power supply is similar 10 a clock with two main springs, one which
runs the time mechanism, the other which causes the alarm to ring. In this design, one
battery (B1) runs the timing circuitry, and the other battery (B2) remains unused unuil

the switch is turned on and fires the blasting cap.

Various components of this circuit could be changed in value and cause the delay time
to be anything from less than 30 seconds to that equal to or greater than the shelf life of

a battery.

Figure 25 shows an electronic delay circuit (355 timer).

Specifications on a 555 timing circuil are shown below:

Printed No. Calculated Timed
| Delays By Builder Delny Delay
Device 751 G 6 hours, 4 minutes 6 howurs, 3 minutes
5 1/3 seconds 57 seconds
Device 75-1/1 24 23 hours, 36 minutes
32 seconds

STUDENT NOTES




PHOTOELECTRIC COMPONENTS (see National Bomb Data Center Bulletin 74-5),

Improvised explosive devices (IEDs) vary in detail. however, the basic design of any
light actuated IED includes an explosive charge, one or more electric initiators (blasting
caps. squibs. and s0 on). a power source, and a photoelectric circut.

The photoelecizic circuit. which constitutes the fuzing svsiem, contains 2 photoeleciric
component. an amplifier. and one or more switches mounted on fiberboard or a similar
rigid material
The tolluwing are delinitions of photoslectric components:

® Photocell - A resistor whose resistance decreases when exposed to light.

* Phoiodiode - Light activates the diode. IF there is no light, it acts as an open circuit,

¢ Fhototransistor - Compares in size and weight to the photodiode, It differs primarily
in 15 sensitivity to light. It is ten times more sensitive than the photocell or the
photodiode,

* LASCR (Light Activated Silicon Controlled Rectifier) - Light entering the LASCR
generates a small current which triggers the SCR.

® Solar Cell - Generates an electric circuit when exposed to light.

Figure 26 is 2 schematic of a possible device using an LASCR.

DETOCNATOR

W

RESISTOR LASCR

- —
= BATTERY
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Figure 28, Schemaric of a Possible Device Using an LASCR.
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Figure 2 7is a schematic of a Jight sensitive device.

.
+ 5.3
—_— 5.4
PHOTOCELL I
DELAY ]— &2
ARMING
DEVICE
10052 LAMP
e ilicon controDed Figure 27. Schematic of a Light Sensitive Device,
rectifier
K - Kiohms
L = Dhms
5 - Switch

This [ED consisted of an 11 pound explosive charge, two 2-second delay eiectric blasting
caps, and a photoelectric fuzing sysiem with a delayed arming timer. Two 9 volt batteries
served as the power supply.

The fuzing system was contained in a wooden box & inches long by 3 inches wideby 1 1/4
inches deep. The box was covered with a crudely cut white plastic lid. Three switches
{two black and one red), a test bulb, and a variable resistor were all visible through
holes in the lid. At least one of the screws securing the switches was marked with red
paint, The device was designed (o accommodate a photocell. Te use, the bomber would
set the desired sensitivity of the photocell by adjusting the variable resistor while observing
the test bulb. The fuzing system would be tested and then the power source disconnected
before connecting the explosive charge. After assembly, it would not be safe 1o arm the
firing circuit unless the bomber was working in the dark or a delayed arming device
was used. Testing and assembly of the delayed arming of an 1ED by the bomber would
be done as follows:

WARNING

Main charge and detonator are not connected.

® (lose switches 2 and 3, Bulb should light.

e Open switches 2 and 3. Disconnect power source.

® Connect power source to delayed arming device which, in 1urn. is connected

1o light sensitive device.

# Connect detonator to light sensitive device and insert inLo main charge.

® Set delayed arming device, thereby breaking the circuit.

® Close switches 1 and 3. switch 2 is optional.

When the timer completes its cycle, it connects the baueries with the fuzing system
and the |IED is armed. Subsequently, when the photocell is exposed w lighr. its




resisiance decreases and the positive voltage on the gate of the silicon controlled rec-
tifier (SCR) increases. The SCR then switches from OFF to ON, supplving electric
power to the blasting cap.

The rheostat adjusts the sensitivity of the fuzing system, If the sensitivity {or resistance)
is decreased too much, the SCR will switch and the detonator will fire even if the photo-
celi is not exposed to light.

The components needed to construct a photoelectric fuzing system can be purchased
at most electronic supply stores. Bomb technicians should be alert to the possibility
of envountering [EDs with this type of fuzing.

Photvelectric circuits ¢an be made even more hazardous by combining the photo.
electric circunt with a collapsing relay or timer circuit and adding trembler switches
or other antidisturbance devices. A photoelectric circuit can also be arranged to operate
when the light is cut off,

STUDENT NOTES

OLTMETER  WILL NOT COMAETE A CIRCULT




There has been a significant increase in the employment of radio controiled explosive
devices (RCEDs) in the last few vears. The low cost, availability. and flexibility of em-
ployment of RCEDs has contributed to this increase.

An RCED has the following components: a iransmitter unit and a reciever unit. The
transmitter consists of a power supply, RF generator, controls, and an antenna in one
unit, The receiver portion consists of a receiver module, an antenna {concealed or ex-
posed), servo motors (could be as few as one, or as many as six), on-off switch for
receiver, electrical initiator, a power supply for receiver, and possibly another for the
initiator. The initiator portion usually consists of an electrical initiator in series with a
power source, and an open contact point which is closed by the movement of a servo.
Microswitches are frequently used. [t is possible to use electronic switching, elimmnating
the need for servo movement 1o complete the circuit. (To date this latter method has not
been used.)

The major component of an RCED is the receiver unit. This unit receives radio frequency
(RF) energy, interprets the signal and directs movement of the servo unit(s). The move-
ment of the servo(z) is then used to close a circuit to fire the device. The antenna of the
receiver module may be in the form of loose wire.in the box with the receiver uni.

In hobby remote control units, the transmitter emits a carrier signal when on. The signal
broadcasted is determined by the position of the controls on the transmitter. Moving the
controls directs the change in frequency that is being sent. The change in signal is received
by the receiver module, which in turn interprets it, and directs servo movement. Using
a mini-relay it would be possible to have a device function upon loss or interruption of
the signal, although this type of arrangement has not been encountered.

There are various methods of RCED employment. If used in the “line of sight” command
mode, the bomber will be in visual contact with the device, and have complete control. By
using a spring-loaded control on the transmitter that returns to a certain position. the
bomber may hold this switch, which could be directing the transmitler to send a signal
that is keeping the firing circuit open. If released. the transmitter would emit a signal di-
recting the receiver to move the servo, closing the firing circuit. This type of command
control is referred 1o as a “deadman.™ If the RCED is used in the unmanned mode. the
receiver with the explosive is planted in a vehicle, and when il comes into the range of the
transmitter which has been hidden, the device functions. The transmitter could also be un.
manned, but transmitting a signal that could be keeping the firing circuit open. Upon bat-
tery decay of the transmitter, it could fire the device.

The radio control devices used 1o date have included pagers. remote-operated controls.
radio contrelled airplanes and toys.

There are a number of hazards presented by remote control. one of which s identiti-
cation. A remote control device may be concealed. making identification a problem
Stray EMR is also a hazard, as any radio remote control receiver is susceptible to siray
RF energy. The uncertainty as to the location and status of the transmitter and bombe)
15 als0 4 hazard. Not knowing how a suspected remote control device is being emploved
creales some problems in response and approach to said ilems.

As for recommended procedures, there are no concrere answers. The hazards described in
the preceding paragraph aggravale the problem. Shielding has seemed to be a popuiar
solution. but it is not really part of the solution but rather compounds the problem.



Shielding an RCED may very well cause the device to function, as the transmission signal
is altered while applying the shield. Elimination of the signal by shielding could cause a
device to function if it has been designed to operate on loss of the transmission.

The radio frequencies designated for public use are found in CFR, part 93, Subparnt
. The approximate ranges are: 26 - 28 MHZ and 72 - 76 MHZ.

Listings of BDC bulletins dealing with Remote Contrel can be found in the appen-
dix of this handout.

RADIO CONTROLLED PIPE BOMB.

Radio controlled 1EDs can use any number of different types of electronic sending
and receiving sysiems such as TV tuners, garage door openers, model airplane guidance
systemns, and the like. These systems may have moveable parts or may be completely
electronic. The principles of operation are basically the same.

The control system for the IED (TB 73 -40) was designed to use the remote control
of 3 model aircraft, automobile, and boat. It consisted of two major components, a
transmmitier and a receiver, and a battery pack and other accessories. The transmitter
was carried by the operator. [t had an effective range of about 1 mile, The two pipe
bomb was packed in an attache case. The attache case also contained a receiver, a battery

pack (four 1-1/2 volt AA batteries wired in series), an ON/OFF switch, a servomechanism,
angd connecting wires.

A microswitch was added to the servomechanism. The switch was connected to flashbulbs
in one of the bombs and was glued to the servomechanism so the servo arm would close
the switch.

Each pipe consisted of a 6 inch length of 2 inch diameter pipe, filled with about three-
fourths of a pound of smokeless powder and capped at both ends. Heat generated by the
flashbulbs detonated and one pipe bomb and knocked the end cap off the second bomb
{which did not detonate).

Figure 28 shows a block diagram of a radic receiver and firing circuit.
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Figure 28 Radio Receiver and Firing Circuit.
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MIDLANDER DEVICE (TIME DELAY BY BATTERY DECAY).

The Midiander device (fig. 29) was another device containing fusible element switches.
By using two fusible element arming switches, the bomber was able to construct this
device and carry or store it indefinitely. It was basically a batiery decay firing circunt
with two aniidisturbance features consisting of an antiintrusion circuil and an anzililt
microswitch.
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Figure 29. Midlander Device.
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BOOBYTRAPPED FLIGHT BAG. (SEE NBDC STB 74-5}

An incwlent was reported recently invalving an IED found in a boobytrapped flight
bag, The 1ED wus u sophisticated device similar in design to those used by terrarist
vroups. Recovered unarmed. the device had a complex electrical circuit Figure 30which
inciuded antilift and amtiopening lcatures in combination with collapsing (time-delay)
ClgLeils.
Tie fuzing vonlained two aiternative eircuits connected to a common detonator; both
Circuits were n have heen armed by a single action of the perpetrator after the device
had been placed in the Larget area, Once armed, the device was designed to detonate as
fellows:

o [nstantanecusly, i Lhe flight bag was unzipped.

e Within 3 1/2 munutes, if the {light bag was lifted,

® Witiun showt 30 minutes. it the device was not otherwise disturbed.

The Initial Arming Procedures. The metal studs which secured the handles of the flight
bar made up the anning comacts for the fuze. This permitted the bomber to safely
carry the device o the 1urger area where it was to have been armed in place by the
sineple insertion of o metal rod through the studs. The metal to metal contact between
e tod and the studs would have shorted the arming contacts and completed the two
cireuits contuining hatteries A and B and fuses F| and Fg, respectively. As illustrated
when current from battery A flows through fuse Fp, the fuse changes from its normal
pusition to the energized pesition and allows battery A to energize relay R. Similarly,
when current from battery B flows through fuse, Fyq, it chanpes to the energized position
and battery B is plaved in the circuit with relay NF. However, relay NF is not energized
at this point because its circuit is held open by the microswitch (which only closes when
the flight bag is picked up).

Time Deluy and Antivpening Circuit. Once battery A has been placed in the circuit
with relay R through the functioning of fuse Fi. relay R which is a double pole relay
cluses contacts R~ and R . Contacts R2 and R are in series with two additional batteries
(C and 13) which are used to provide power (o the detonator. When relay R is energized,
it causes contact R2 o close placing fuse F2 in circuit with batteries € and D. The
functioning of fuse F3 places batteries € and D in circuit with the detonator and contact
R{. Cuntact Ry is upen while relay R is energized and thus the detonator will NOT
function until relay R de-energizes and contact Ry closes. Relay R is de-energized through
either of twiy ways:

e When bautery A, holding relay R in the energized position runs down {within 30
minutes or so) it is no longer able 10 power relay R. Relay R then becomes
Je-energized. contact Ry closes, and the firing circuit to the detonator is complete.

® Ar antiopening feature built into the zipper of the flight bag is also incorporated
in the circuil ¢containing battery A and relay E. Consisting of pieces of wire laced
through the zipper. the antiopening device conducts the current from battery A to
Relay R. As lung as the zipper remains undisturbed. the circuit remains unbroken:
hivwever, ol the zipper is opened. the circunt collapses instantaneously . de-energizing
relay B and cavsing the device 1o deronate as described above.

Antih#l Cireuit. An altermate boobyirap iriggered by 2 microswitch wus built mto the
carenitry. This antilinn circunt was designed to detonuie the [ED within 3 §/2 minutes
of 1he fheht hug was litted with the armung rod in place. Lifting the bag would penmi
e microswiteh o close allowing batiery B to energize relay NF, a triple pole relay
winch operates contacts NF . NF2.and NF3. When NF3 is closed, it <loses an alternate



circuit from battery B which keeps relay INF energized. {The IED wiil detonate within
3 1/2 minutes even il the flight bag is set down again and the microswitch vpened.
Once the microswitch is closed. there is an irreversible action.) When contact NF5 i
closed, it allows current from batteries C and D to flow through fuse F3, causing it to
assume the energized position. In this position, fuse F3 places batteries C and D in
circuit with the detonator and contact NF). Contact NF| remains open with respect
to the circuit containing batteries C and D and the detonator. Relay NF rapidly consumes
the energy of battery B and de-energizes, causing contact NF{ to close. This allows
current from batteries C and D to flow 1o the detonator, completing the firing circuir,
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Figure 30). Boobytrapped Flight Bag.
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SOUND ACTIVATED DEVICE,

This training aid is shown just to let you see another method of actuating a device that
is available to a bomber. To our knowledge this type of firing system has never been
used.

The item being shown is a2 voice actuated relay kit sold by Radio Shack lor about 36.00.

PROXIMITY DEVICES.

Buddy Capacitive Circuit, This is another circuit found in most hobby shops. It works
on the principle thal the human body acts like half of a capacitor, the other half is

contained m the cireuit, When someone touches or gets near the unit it trips the circuit
aid fires the device,

Pagsive Intrared. Similar to the doour opening sensor units at supermarkets, this type
o sensing Jevice detects heat from the body and activates the circuit. The range is
variuble up to hundreds of leel depending on the unit. Although they are widely used
as intrusivn detection alarm systems, they could just as well be used 1o fire a device.

MAGNETIC INDUCTION DEVICE.

Tins type of sensing circuit radiates an electromagnetic field. Any metallic object entering
thus field distorts it, causing the circuil to activate an alarm {or firing device).
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CLOCK AND TIMER DEYICES

1. General - Timing mechanisms used to determine homemade devices
include clocks, electrical timers and numerous mechanfcally operated
timers. These mechanisms may be used to arm or fire an explosive or
incendiary device.

2. Definition - Any escapement mechanism such as a mechanical or

electrical, clock or timer, that is employed in 2 haza.dous device
and is designed to arm and detonate the device at a pradefermined

time, independent of further action, s a clock or timer device.

NOTE: Basically all clock and timer devices are simple and
easy to understand.

NOTE: Consider pocket and wrist watches as clocks.
3. Functional Analysis:
a. Clocks alarm actusted - Pechanical clecks and watches That

operate by spring tension or weights to provide energy to the escape-
ment mechanism,

EXAMPLES: Ordinary household clocks {spring powered), grandfather or
grandmother clocks (weight paueredg?




(1) Operation - When time set on alarm is reached, whether
spring or weight powered, the alarm wind handle on the spring powered
clock will turn, causing an electrical wire attached to it to tumn,
making contact with a Tead from the battery, completing a circuit
causing the item to function. On the weight powered clock, the weight
descends until electrical contact is made which completes the circuit
causing the 1tem to function.

— - —— I

(2) Materfals required.
(a) Clock.
(b) Battery.
(c) Wire.
(d) Cap - electric.

{e) Explosives.

MOTE: INTERNAL ALARM MAY ALSO BE USED AS A FIRING SWITCH.

b. Clocks vsing the hands to arm or fire 2 device - May use
aither minute or hour hand dependent on delay time desired,

s L

= -y

(1) Operation - When the hands contact the screw in the

crystal of the clock, 1t completes an electrical circuit cavsing the
item To fumction.




(2} M™aterials required.

(a) Clock.

(b} Power source to operate clock.

{c) Wire.

(d) Battery to fire the 1tem.

{e} Electric cap.

{f) Explosives.

c. Combination hand and alarm wind handle - By using the
combination of the screw in the crystal, hands, and modified alarm wind
handle switch, increases the bomber{s) personal safety when handling or

transporting the device. This also provides a delay and could add an
arming circuit.

{1} Operation - By using the combination of hands in serfes
with the alarm wind handle switch an arming and firing clircuit is
constructed. The modified type cperates by having the hands or the
alarm wind handle arm the circuit and then having either the hands or
alarm wind handle cause the item to function. Notice that the madified
type uses an alarm wind handle with non-conductive material attached to
the handle. An insulated wire extends from the handle and is inserted
between 3 set of spring contacts. When the alarm goes off 1t pulls the
insylated material from between the spring contacts causing the {tem %o
arm or function, depending on how it was setup.

(2) Materials,

{a}) Clock.

(b) Battery.

{c) Mire.




(di Irsulating material.

(e} Cap - electric.

(f) Explosives.

(g) Clothes pin.

d. Clock to Arm a Device - This type of switch 1s used to provide
a delay in arming for the bomber(s) safety and may be intended to cause
the target to function the item. The delay can be accomplished in
several ways; with mercury switches the hands can be set for a delay of
cevyeral minutes to hours. When the hands contact the screw fn the
crystal the circuit is complete except for activation of the mercury
switches by tilt or movement. Hhen the item is moved the mercury
switch closes and the 1tem functions. Another way is to have the alamm
wind handle pull the insulating material from between the clothes pin
contacts and then have the hands fire the ftem when they come in contact
with the screw in the crystal, or vice versa.

e. Clock using main spring 2s firing switch or arming switch.
NOTE: ANY SPRING POMERED CLOCK MAY BE USED.

{1) Operatiun - When clocs 135 set, 1t 1s wound to operate for
the maxioum asount of time. The spring unwinds as the <lock runs and
when it has yrmwound to the extent that the ipring contacts the bo'*t used
as part of the electrical circuit the device 1s armed ar fired,

MOTE: THE BOMBER({S) USUALLY TAKLS THE CLOCK WORKS OUT OF TME CASE TQ
ACCOMPLISH THIS SETUP.

(2) Materials required.
(a) Clock.

(b) Battery.

{c) Mire.

(d} Cap - electric.

(e} Explosives.

{f) Bolt or screw to use as contacts.




f. Timer device (commercial) - Timers come in assorted sizes and

delays and are found in one shape or another {n most homes. They may
be mechanical or electrical.

{1} Operation - One wire is atteched to each side of a timer
switch or plug receptacle. When set time has elapsed, contacts are
closed causing the item to function.

(2) Materials.

(a) Timer.

ib) Battery.

(¢) Wire,

(d) Electric cap.

{e) Explosives,




IMPROVISED EXPLOSIVES

General

The informatien in this handout is intended to provide you, the bomb
technician, with the composition of some improvised explosives that
have been manufactured by various individuals or groups in the past.

Warning

The mixing of any improvised explosive by any method is considered to
be dangerous; therefore, it 15 recommended that any mixing be done

taking extreme precautions.
Types of Improvised Explosives
a. Black Powder & Smokeless Powder

(1} Black Powder Mixtures

Component Mixture
Potassium Nitrate 75/ 15 PARTS
Charcoal 157 7 PARTS
BINDER Sulphur 10/ % FARTS
Dextrine (optional) CORNE a2 — /ART
(2) Smokeless Mixtures
(a) Component Mixture
Potassium Nitrate 4p /.
Ammonium Nitrate %7,
Charcoal Z% /
(b) Component Mixture
ﬁ.‘f‘frﬁ”rﬂﬁuandine Nitrate 50 /.
Potassium Nitrate €.

Charcoal

107
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Mixing Method for Black Powder

Ory mix appropriate amounts of ingredients 1isted.

Add water until ingredients are dissolved.

Heat mixture until small bubbles form.

CAUTION: D¢ not boil mixture. Be sure all mixture stays wet.
Pour mixture into alcohol and let stand for about 5 minutes.
Pour mixture into cloth and strain 1iquid out.

Pour damp mixture onto a suitable screem & gradulate by rubbing
through screen,

NOTE : If granulated particles appear to stick together and change
shape, recombine & repeat steps 5 & 6.

spread granulated powder out in a layer about 1/2" thick and let dry.

Drying should be accomplished 1in about one hour. The Tlonger the
drying time, the less effective the mixture.
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EXREMELN FENAITIVE .

b. Ammonia Tri-iodide

g  Component Mixture

~7 Aqueous Ammonia A4 ]SMHEW AMMONA £
Iodine Crystals 2 TEASRS I0VE CRYSTHLS

Mizing Method for Ammonia Tri-iodide

Pour 1/2 cup of aqueous ammonia into a glass or styrofoam Cup.
Measure ? teaspoons of ifodine crystals into ammonia.

Pour mixture dinto second glass or styrofoam container with gauze
bandages over 1t. The gauze will filter 1liquid and Tleave the
activated iodine crystais behind.

Carefully transfer activated crystals to surface or container. When
dry the crystals are extremely sensitive and may explode spontaneously.



c. Perchlorate Mixtures

(1} Component

(a)
(b)

Potassium perchlorate

Aluminum dust

(2) Component

(a)
(b)

Potassium perchlorate

Iron dust

(3) Component

(a)
(b)
(€)
(d)
(e)

Potassium perchlorate
Potassium nitrate
sulfur

Charcoal dust

Red Gum

CHLOPATES * WHITE CRYSIAL 4

NITRATES =

UHITE IwPeERS

Mixture
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RED PHOSFPHDRYS — DVES NOT 1GNITE (WITH

AIR . DO NOT CONFUSE wiTH YELLOW OR-
WHITE PHOSFHORYS (WHICH BOTH I16ANTE
WITH AIR ). PO NOT BUT RED PHOSPHORYS
UNDER WATER,; IT wvtl BUILD HEAT AND

FREVKRE -



Mixing Method for Potassium Perchlorate Mixtures
A dry explosive mixture can be made from potassium perchiorate com-
bined with ingredients shown in handout.
1. Pulverize potassium perchlorate into a fine powder.

3. Measure appropriate amounts of ingredients and pour Into a mixing
container,

3. Mix ingredients well with a wooden rod.

d. Chlorate Mixtures

(1) Component Mixture
(a) Potassium Chlorate 50/

(b} Sugar; Sulfur or Charcoal ﬁ:?'f.

(2) Component

(a) Potassium Chlorate q RIS
o m‘d’g &4 {b) Petroleum Jelly f__ﬁ?!_ﬂ
(3) Component
(a) Potassium Chlorate 7 PARTS
(b) Antimony Sulfide 2 RS
{c) Sulfur ! AT
{d) Red Phosphorus ! AART

NOTE: This is an extremely sensitive mixture due to the use of red
phosphorus, therefore, 1t is not recommended that it be used.

{4) Component

(a) Sodium Chlorate 2 PR %
(b) Shellac 1 PART

(5) Component
{a) Sadium Chlorate % PAR %
(b} Aluminum Powder / Rl



Mixing Method for Chiorate Mixtures

1. Pulverize the chlorate into a fine powder.

2. Measure appropriate ingredients into a contaimer and mix thoroughly.

e, Nitrate Mixtures
Component Mixture
Sodium Nitrate 50/, R-7A
Red Phosphorus i":’i /. ?;fiz{'g

NOTE 1: This i1s an extremely hazardous substance to mix.

NOTE 2: Substituting Potassium chlorate for Sodium Witrate will Increase
sensitivity; therefore, potassium chlorate must be wet when
wixed.  oprAGH UM 5 ALINDST AS FOWERFUL A% TNT.

NOTE 3: It is not recommended that the above be mixed uniess 1t can be
accomplished remotely.

Component Mixture
Ammonium Nitrate 28/
Aluminum Powder 12/
Component Mixture
Ammonium Nitrate 29 AR
Charcoal dust 4 PARTS
Dextrine ! FART
Component Mixture
Ammonium Nitrate 20 FBRTS
Potassium Nitrate 15 RIS
Charcoa) Z AARTS
Sulfur 2FPARTS
Dextrine THARMS

¥ NOTE: DoMOT (P96 TER -COATED
ALUMIOYT. AFTER. MELT DOWNS, (T 15
STiLL UBIELT TO PETONATI N .



Mixing Method for Dry Nitrate Mixtures
1. Pulverize the nitrate into a fine powder form.
2. Mix ingredients into appropriate mixture.

1., These mixtures should be used as soon as possible as the nitrate will
absorb moisture and weaken the mixture.

Component Mixture
Ammonium Mitrate %iﬁ
Fuel 011 { OAT

FERTILIZER EXPLOSIVE

An explosive munition can be made from fertilizer grade ammonium ni-
trate and either fuel o1l or a mixture of equal parts of motor oil and
gasoline.  When properly prepared, this explosive munition can be deto-

nated with a blasting cap.

f. Special Compositions

(1} Component Mixture
(a) Potassium Permanganate M
{b} Aluminum powder _ 215
{c) Glycerin 21L3.

(2) Component
(a) Benzoy) Peroxide Cy A, Oy
NOTE: Used alone, when heated will form toxic fumes and explosive gases.
(3) Component

UW go‘fvﬁz* (2) Hexamethylenetetramine [m1)¢ N'?{
n’IP!"I'U (b} Nitric Acid

F—W ) (c) Acetone



RDX EXPLOSIVE

RDX 1s a powerful/brisant high explosive that can be made from hexa-
methylenetetramine and strong nitric acid.

MATERIALS REQUIRED: SOURCES:

Hexamethylenetetramine (hexamine) Drugstores under names of urotro-
pine, hexamin, methenamine, etc.

Streng nitric acid (d. 1.50)
Acetone

Weighing scale with at least gram
accuracy or measuring spoons

Graduated cylinder (cc or m1) or
measuring cups

Thermometer 20°-100° C., or 68*-212° F.
Several large quart canning jars

Two large basins or bowls made of metal
or other similar materfal that can be
heated

Paper towels

PROCEDURE :

1. Place 1/2 cup, 120 m! or cc of
nitric acid in a large canning jar
and bring the temperature to be-
tween 20° and 30° C. (68°-B6" F.)
by putting the Jar in a basin of
cold water. If necessary, swirl
the canning jar around the basin of
cold water to bring the temperature
down, while being careful not to
allow any water to splash into the
acid.

NOTE: Maintain the thermometer in the acid throughout the reaction while
carefully noting and controlling the temperature by alternating the Jar
between the basin of cold water and the basin of hot water. The thermo-
meter can be used as a stirring rod if the solution is gently stirred.



Weigh or measure cocut 70 grams by
weight, 1B teaspoons by volume, of
the hexamine and start adding the
salt-11ke  hexamine slowly, 1/2
teaspoon at a time, during a 15
minute time period. Maintain the
temperature between 20* and 30° C.
while stirring gently with the
thermometer. Control the tempera-
ture by dipping the canning Jar in
and out of the basin filled with
cold water.

when all of the hexamine 1s dis-
solved in the acid, heat the solu-
tion to 55° C. (131* F.) by placing
the canning jar in a basin of hot
water. Maintain this temperature

for about 10 minutes.

After heating the solution for 10
minutes, remove the canning Jar
from the basin of hot water and
place 1t 1in the basin of cold
water. Cool the canning jar to 20°

C. (68° F.)

When the temperature has reached
20° C., add 3 cups (750 ml) of cold
water to the solution and a white
salt will appear.

CAUTION: The white precipitated
salt is RDX explosive and should be
handled with care from this point
on.

Filter the acid/water/RDX solution
through a paper towel covering the
mouth of another jar.

Wash the RDX crystals off of the paper towel and into & canning jar,
using an additional 3 cups of fresh, cold water. Add a teaspoon of
sodium carbonate te neutralize the acid and stir rapidly for 2 to 3
minutes, then filter again.

The c¢rude product can be dried ocut on the paper towel filter. It is
suitable for fairly immediate use, or it can be purified.



9. To purify RDX, fil) a quart canning jar 2/3 full of acetone. Heat the
acetone by placing the jJar in a basic of hot simmering water, than add

RDX, a tablespoon at a time, until it completely dissoclves in the
acetone.

10. After the maximum amount of RDX has been dissolved into the hot ace-
tone, allow the solution to cool to room temperature, then let stand
for aone mare hour.

11. The RDX will form a salt once again. Filter the RDX and spread 1t out
to dry on a paper towel as before.

12. The purified RDX should be stored in a clean canning jar with a tight
f:lltting 1id. It can be stored for months without Joss of effec-
tiveness.

NOTE: RDX 1s not too sensitive to heat and shock, but is fairly sensi-
tive to friction. Care should therefore be exercised when the explosive
1s to be packed or when the dry explosive 1s handled. Using the amounts
of chemicals 1isted in this article, the yield of RDX should be about 1

1/2 ounces.
g. Metallic compositions

(1} Sodium - soft white metal
NOTE: Reacts violently with water. Has been used with calcium carbide
in a gelatin capsule. Used by dropping in gas tanks. The capsule melts
releasing the calcium carbide into water in tank which produces acetylene
gas. The sodium explodes upon contact with water.

(2) Pulverized Metals -

Used as fuels with oxidizers and tends to increase the tem-
perature of explosive substance making it more brisant.

h. Gas Mixtures -

(1} Liquid
(a) Component Mixture
Nitromethane 1GAL -
Agqueous Ammonia _‘M

¥ Q0. ERADE o BETTER. HYDROGEN FERONPE (AN BE
VETQVATED BY A BLASI/ING (AP



NITROMETHANE LIQUID EXPLOSIVE

A liquid explosive, that resembles water in appearance, can be made
from nitromethane and aqueous ammonia (household glass cleaner). This
Tiquid explosive is 22 to 24 percent more powerful than military T.N.T.,
and can be detonated with a standard blasting cap. However, to achieve
maxXimum velocity, a compound detonater should be used.

MATERIAL REQUIRED: SOURCES:

Nitromethane Chemical supply house or hobby
stores (racing fuel)

Aqueous ammonia (non-detergent) Grocery stores

Measuring container (cup, pint, gallon,
etc.)

Blasting cap or compound detonator

PROCEDURE::

NOTE: Nitromethane is a common chemical reagent, and under normal condi-
tions cannot be made to detonate even if a strong detonator 1s used. How-
ever, 1f certain ammonia-containing compounds {(called sensitizers) are
added in small percentages, then the sensitized nitromethane can be deto-
nated with a standard No. 8 blasting cap. The most readily available sen-
sitizer 15 common household glass c¢leaner {(aqueous ammonia).

To produce the explosive, simply pour the sensitizer into the nitromethane
and mix thoroughly. One-half pint sensitizer will sensitize one gallon of

nitromethane.
(b) Dust Explosives.
A mechanical explosion may be produced by suspending parti-
¢les of flammable dust in the air of a confined and igniting

1t. The best and most readily available materials for this
purpose are flour, starch, and coal.

3. AVAILABILITY.
a. Chemical Supply Companies.
b. Drug Store.

c. Grocery Store,



d. Hardware Store.
e. Paint Store.
f. Fuel 041 Supplier.

g. Mining Operations.
USES OF IMPROVISED MATERIALS.

d. Sgbstitute explosives by legitimate, federally licensed organiza-
tions.

b. Commercial, school, and private laboratories. Possession of most
of the materials are legal., unless 1il1legal 1Interest 1is proven,
Gun enthusiasts use nitrate mixes to make their own black powder.

c. Clandestine cperaticns - The availability of these materials make
them popular with subversive groups. Generally, the mixing of the
materials to make explosives, are simple, requiring very little
knu?}eg?e of chemistry, and easy to follow formulas are readily
avajlable. :

SAFETY HAZARDS.
a. Sensitivity - Improvised explosives are very unpredictable.
b. Toxlicity - Smoke, vapor, and residue are always considered toxic.

t. Safety precautions are covered in the Blaster's Handbook, SOP, and
safety in handling and use of explosives, Pam #17.



NAME

Potassium chlorate

Potassium perchlorate

Nitric acid

Phosphorous

Potassium
permanganate

Carbon disulfide

Magnesium

Aluminum

Chlorine

FORMULA
KC104

KC103

HNO4

KMnD3

CSs

Cly

DESCRIPTION

White crystals. Used to produce oxygen
in laboratory. Powerful oxidizer that
will generate flame with sulfuric acid
and organic material (sugar, paper).

White crystals. Also powerful oxidizer
but more stable than the chlorate. Wil
produce explosive mixture with red phos-
phorous and a propellant with organic
material (asphalt, plastic, vaseline).

Yellow colorless liquid. Strong oxidi-

zer. Can be wused to make qguncotton,
nitroglycerine,

Comes in two forms, vellow (or white)
and red. Yellow phorous 1s poisonous
and self-igniting in air -- can be used
as igniter. Red phosphorous forms explo-
sive mixtures with oxidizers.

Very dark purplie (almost black) crystals.
Another strong oxidizer forming explosive
mixtures with red phosphorous or organic
materials.

Colorless 1iquid with characteristic

"rotten radish" smell. Poisonous and
very inflammable. Used as solvent for

vellow phosphorous 1n  self-igniting
systems.

Grayish metal, comes in strips (1/8 inch
wide) and powder. Strips used as ig-
niters for thermite for other bombs.
Powder (*"flash powder®) used in cherry
bombs.

Only as a powder is it dangerous. Used
as main component (with iron oxide) of
thermite bombs.

Gas. Comes in cylinders. Original World
War I poison gas.



Amemonium nitrate

Sulfuric acid

Sodium
Potassium

NHAND-

H2504

White crystals. Can be combined with

fuel o1l to make a high explesive simi-
lar to THT.

Colorless oi1 1iquid. By itself ("vit-
riol®) will cause severe burns and le-
sfons. Also used with potassium chler-

ate as igniter.

Reactive metals. Usually kept under oil
and covered with gray layer. Can be cut
with knife, showing metallic Tuster,
Baoth react strongly with water, setting
of f explesion.
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