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Firing Set Types (U)
FE — Ferroelectric

The FE _E_:@ set consists of an explosive plane wave
generator and a poled ferroelectric ceramic element.
A pressure pulse produced by detonation of the

=0 explosive in the plane wave generator causes the nNu. )
® . .
W_ release of bound charge from the ceramic element in Q
%2 the detonator load. This technology is also used as the 7
e | : _ 2
=1 power source in explosive neutron generators. =
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Firing Set Types (U)

SFE — Slim Loop FE

‘The SFE firing set is similar to the FE, but its poling

voltage is provided by an external power source in a
manner similar to the CDU energy storage capacitor.

This technology is used on the Mk3, Mk4, and Mk12A.
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THEORY OF OPERATION ARMABLE SFE
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Firing Set Types (U)

FM — Ferromagnetic

UHIAISSVIDN/}

409

The FM firing set basically consists of an explosive

“charge, a ring of ferromagnetic cores and excitation

and load windings. Mechanical energy in an
explosively driven pressure pulse is transduced into

electrical energy in the load winding as the magnetic
cores are demagnetized by the shock wave.




AALIISSYIONA

()%
3040

JAIAISSVIONI

(187



QALIISSYIONA




412

Firing Set Types (U)

CMF — Compressed Magnetic Field

The CMF or “Lobo” firing set converts chemical m:m6<
stored in explosive to electro-magnetic energy through
magnetic flux compression. A CMF firing system also

into the compression volume just prior to the

compression event. This injector can be a CDU,
FE, FM, or SFE.

TONQ
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Includes an injector to introduce an initial magnetic flux
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Bomb Stockpile Improvement

‘Nike Hercules Stockpile _Bv..o<m303

Bomb Stockpile Improvement
Bombs

MK4 Reentry Vehicle

8-inch Projectile

Cruise Missiles

Bomb

Ground Launched CM

MX (Peacekeeper)

Mk5 Reentry Vehicle

CDU
CDU
CDU
CDU
SFE
FM

CDU
CDU
CDU
CDU
CDU
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ENHANCED ELECTRICAL
SUBSYSTEM SAFETY

INSENSITIVE HIGH
..EXPLOSIVE SYSTEM
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MC3699 DUAL STRONGLINK ASSEMBLY (318876)

BARRIER HOUSING ASSEMBLY-A

. hlla
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. II\\\ "
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PRIMARY @ UNIQUE SIGNAL MODULE A

67211
SAFING DISC 1, “ARMED"

UNIQUE SIGNAL MODULE B

oaver: T\ [ L™
DRIVER 2 J._.._l_J.._u

“qF t1ome PATTERN WHEEL
GATE _II._
||c_ _.l 1Sme

) Sanco Navonal Labaratories 9722
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Phase 3
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m Pseudo Phase 3 | m
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Trends |
: *Volume
3 * Detonator/X—Unit Energy
- | | -
Z * Complexity Z
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OPTICAL FIRING SET
BASELINE SAF ARCHITECTURE

2 INDEPENDENT STRONGLINKS

WARHEAD PROGRAMMER EXCLUSION BARRIER
ENABLE 1 euccr vos ,
' A -t
ENABLE 2 ey v, / R
" o I g -
S " iig 2
. 4 3 : -
Q2 | : "
| G ARM ;i ! 1
> "fv CDU " -
2 . N " m
= | FIRING SET DETONATOR =
| FIRE 1 | S
E FIRE 2 _ M“W
a _ OPTICAL BARRIER FEEDTHROUGHS e
=
=
J
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Neutron Sources

o Internal

o External

— Technology Involved

— Evolution of Neutron Generator
Development
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NEUTRON MULTIPLICATION RATE

dN _ XN N = number of neutrons
dt T
4 X = excess number of neutrons
per fission .
| (0.5 - 1.0 assumed to equal 1.0) P
N _ N —
. | T = time per fission generation .
o | (1078 sec) ¥~
muw R = multiplication rate
m (108 generations/sec) m
72! at P
tdp) N = ZO e WI.
Wu a < 0 subcritical N
= a = 0 critical S
- a > 0 supercritical r....d..
)
-
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SURVEY OF WEAPONS DEVELOPMENT AND
TECHNOLOGY

WR708

SESSION Xii
*NUCLEAR TESTING
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* THEORY
* NON-NUCLEAR TESTING

* NUCLEAR TESTING

QEIAIZSVIONA,




Y

!P\
id

QR TAISSVIONL

473

NON-NUCLEAR IMPLOSION DIAGNOSTICS

e PHERMEX (RADIOGRAPHY)

* PIN DOME

e HIGH SPEED PHOTOGRAPHY
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NUCLEAR TESTING

*WEAPON DEVELOPMENT
*EFFECTS

*VULNERABILITY AND HARDENING
*STOCKPILE RELIABILITY

*PEACEFUL NUCLEAR EXPLOSIVES
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DIAGNOSTICS

*YIELD

*“ALPHA”

*CHANNEL TEMPERATURES
*INTERSTAGE TIME

*OTHER

-
2z
P
ﬂll.
V
2
&P
—
=
—
=]
-




476

S0’
NS

QHIAISSVL
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WEAPON BOOSTING REQUIRES THE
ABILITY TO STORE MIXTURES OF
HYDROGEN ISOTOPES AND TO DELIVER
THE APPROPRIATE MIXTURE ON DEMAND

THIS REQUIRES
* Containment reservoirs

* Flow Systems
* Explosive Valves
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CHALLENGES WITH GAS TRANSFER SYSTEMS

* Long Term Degradation

* Constancy of Delivery

m * Complex Plumbing

* Minimization of Weight and Volume

e Cost

UAIAISSYIDNN




497

- Dok
L(2)




861




661

()4
100

THIAISSVIONI

QALIIZSVIONA




(9 9
0

RS
e it o T
T B e




s ‘i

501







€05

x
1]
enndil

AISSVIONL

8|

i

¢




(g) 4

204

QT4

AR

T TN
TN &J}ﬂr‘l

p0S




505




i

T
e ,.-~¢-aff“<??ﬁﬁ e i
. L -
/ Muég'_;xw ¥

o -.f:., : R — |
- . '
Lw/ /\

- mm-(wms»_(WA-’"Q’ T e T :.m:‘
~ m

QALAISSVIONO

-

=

»&’Wﬂ

90S



L0S

300

(g)4

YISV

siathdal
LY
id&"*ﬁb.&i—







605

T T

T"Tﬁk f'tz]

o
RIRD .le.L\.L.og




ma

b3

510

e (R S




N{L

g TOQUTNN
JELIISSYTIONL

0ok
()

511




Ll

clLS




14 8

I S sy
: ?

QHIAISSVIONLL

- 3
ok




vis




515




S
/b-: X
—

AN‘?VE‘T

Gv&l . L:)*\ Yo os

g
c
N

DND.

916




-—

QALAISSVIOND

LS




FON3NOD3S 'IVNOI.LVHBdO EI\'IVI\ JAISO1dX3

J40178

P . v
QAIAISSYIONA

.

. \\\\\

Y

‘ : I
‘ J
N = w:;
w ” \ /

///’/

81S

i = |
SR e
R T, SR eIt
Sty T S ——
4
N |
s -,‘,\‘L ; S o
: Y- R Y
I;' ’//// / \
“\ ARG
l\ \
\ ‘\\\



K69632

*BEFORE ‘ACTUATION: [N ~CLOSURE §
, ,, ,,__ <>e<m

MC 198)

o] wessTusey

zocm_zo<N, e T
, mwss SRR AFTER: ACTUATION:| .

PLUNGER —

/8"
ERMETO NUT

-
Z
@)
=
N
o2
N
| |
=
=
td
(o




GHI&ISSVTDNE |

\,

(99

Jod

AATIISSVION 3

0cs




X4

e o= SRR
——




- 228



EXPLODING

SEILIIIIETIL, A
[3
13
.
.

VILISIIO L/ IILS LI/

NLILISIITS TSI/

DISK VALVE
5 .

, OPERATIONAL

JEFORE

SEQUENCE

PI22222 22 L L)

TIIIIIIIELI220270727%

WIIIIIIIIIIEIIIII IS, . A " ’

¥
-y

2IIILIIIIIEEIILII#58S. LILLTLILE I LIS NI IS0

SIIIIIIIIIPINASI227S 0 CLIIIISISIII I STIP IS,

CCIRINSE

523




524 UNIQUE DESIGN PROBLEMS IN

TRITIUM RESERVOIRS (U)

e System

* Must Deliver In Specified Time
* Must Be Consistent

* Satisfy Weight And Space Requirements
* Fire And Accident Considerations

4
A

%

* Long Term Degradation

e Subject To Hydrogen Embrittiement
* Subject To Helium Embrittlement

e Withstand Pressure Increase With Time

* Subject to Radiation Induced Effects
(Loss of Permeability, Stoichiometry)

TOOTTTTN

Kooy
E

o

le Safety

I

dd

* Must Be Super Safe Against
Burst

Permeation (Walls, Welds, Stringers)




Consequences of a stockpile tritium release:

a. Weapon reliability
b. Personnel safety

c. Political/environmental
ramifications
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Helium from tritium decay produces cumulative,
- irreversible damage in stockpile materials
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Specifications

eNarrow chemistry——promotes weldability
*Grain size—less than ASTM 5
s\VVacuum—arc—remelt (VAR) material
Inclusions——ultraclean
Ferrete distribution—— < 3% minimize stringers

Acceptance
*Chemistry
*Metallography
Grain size
Ferrite distribution
Inclusion
eUltrasonics——porosity
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It is most important to clean all surfaces of undesirables

CLEANING

5

To remove residues and oxides which could interface with welding, plating, or
heat treating processes

To remove any metallic materials imbedded into the surfaces permitting the
formation of a continuous protective oxide film

To prevent sources of rusting and corrosion on the mclmomm L
To remove contaminants which could react with tritium

=t

How m

e Detergent solutions agitated ultrasonically =

.. * Nitric acid solutions for dissolving imbedded copper and iron particles M.Wu
mL e Nitric—hydrofluoric acid solutions for dissolving oxide films and imbedded 2!
- particulate matter, and to etch certain stainless steel alloys Nm
W e Freon and alcohol rinsing for removing organic contaminants =
U2 o«  High purity water for rinsing O

£
I

;TR i

LRI -
( Dol 7obe
g i

High temperature vacuum bake

I
®

We take extreme care to verity cleanliness

535




536

CLEANLINESS VERIFICATION

Monitor the resistivity of the rinse water to verify the absence of ionizable
material

Use analytical rinses to check for organic and inorganic contaminants with
infrared spectrophotometer and ion chromotagraphy

+  Perform particulate analysis on each reservoir
ft

Check for imbedded iron particles with a copper sulfate test

b4  Borescopic examination where applicable

Visual examination for discoloration, staining, or superficial corrosive attack

wwwgs piece parts and assemblies are cleaned prior to inspection

)
=
2




'Inspection and gaging costs approximate one-third of the piece part costs

INSPECTION AND GAGING

To assure:
Interchangeability of piece parts
Fit with next assembly
Conformation with engineering drawings

We inspect and gage using:
In process monitoring—feedback
Open——set up inspection
Dedicated gages

[ : S By A "
2N I i g
u&:: \h{._:" cd‘: 7

Contour gages

1 Air gages——non-contact

wr.v“ Statistical sampling

Wm Control of numerical machine tapes
d Coordinate measuring machines

_—

]

i

537




538
Mechanical joints are not used for storage of tritium

ASSEMBLY AND JOINING

Joining:
Weldments

Gas-tungsten are——autogenous and wire feed

Electron beam——autogenous and wire feed
Laser

Friction

Inertia

Resistance forge weld
Brazes

Copper
- Copper-silver-tin

mmsmvmozo: and Control:
o Process monitor
t72 Radiographic

m Ultrasonic

w Dye Penetrant

ﬂwu_ pressure rated components are pressure tested




. 6€9

/fyf- S e

Rl

\Lax.a&u@ ‘%/ .,mj; Nl

ARGV ”K)Nﬂ




YV TR e Y %

AHIATSSY

Fd

707

4
>
(£

ovs



8721

il ¥ Y TN
UL ETLTTe)N!

ONIAT3IM HONId

@ vLiLe61-1Ss




542

— | Dok
b (3)




evs




H

T A
L

el

Fe

~NYT
oy, T

RIIES

. ?};g’d oS
 menes

)
%

g

144"



PRODUCT DEVELOPMENT (U)

AT SANDIA - R&D

545

* MATERIALS SELECTION AND TESTING
SPECIMEN AND STRUCTURAL ANALYSIS

e COMPONENT DESIGN
DRAWING AND SPECIFICATIONS

* PROTOTYPE DEVELOPMENT
FABRICATION AND JOINING

e COMPONENT EVALUATION
STORAGE AND STRUCTURAL TESTING

* SYSTEMS TESTING
LABORATORY AND FLIGHT TESTS

 PRODUCT DEFINITION

qAIAISSVIONAD
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PRODUCT DEVELOPMENT (U)

AT INTEGRATED CONTRACTORS

¢ EG&G - ROCKY FLATS (COLORADO)
FABRICATES PRESSURE VESSELS

 ALLIED SIGNAL - BENDIX (MISSOURI)
- FABRICATES VALVES

o

.« EG&G MOUND (OHIO)
FABRICATES VALVE ACTUATORS
CONDUCTS STOCKPILE TESTING

T dA

« WESTINGHOUSE - SAVANNAH RIVER (SOUTH CAROLINA)

o,
"

i

4 9
M
Tongroad
r |

H FILLS WITH DT GAS

02

22+ MASON & HANGER - PANTEX (TEXAS)
7 INSTALLS INTO WARHEADS

N.\
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WE HAVE NO REASON TO ASSUME WE FOUND
ALL THE TRITIUM SURPRISES

& % o,

It is not possible to extrapolate with

adequate confidence, tritium effects on components |

| 218106
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SURVEY OF WEAPONS DEVELOPMENT AND
| TECHNOLOGY

WR708

SESSION XIV

*RADAR FUZING TECHNOLOGY
*OTHER FUZING MODES
+ADVANCED FUZING CONCEPTS

0

QEIAISSYTON
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Nuclear Weapon _u:_Nm:m Technology

oIntroduction to Fuzing Components & Systems

eTimers & Inertial Devices
eContact Fuzing

eRadar Fuzing

eFuzing Systems

QAIAISSV IR




- WHAT IS A FUZE?

THE MECHANISM(S) WITHIN A WEAPON

WHICH INITIATES THE WARHEAD FIRING

SEQUENCE
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Wik

SUBSYSTEM

i P gooomman

'MISSILE GUIDANCE
: “AUTHORIZATION .

il To ARw-

WARHEAD

RESPONSIBILITIES
SNL
LANL/LLNL
pOD

_Ts
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REENTRY BODY




Fuzing System Hierarchy

Components:

Radars
(Antennas)

Clocks
G-Switches

Pressure Sensors
(Baro/Hydro)

Accelerometers
Programmers
Crush Sensors

< i
HE &

QALAISS VIO




556 Fuzing System Hierarchy

Components: Sub-Systems:
Radars Airburst Radars
(Anteninas) |
Proximity Radars
Clocks | (Prox Time-Down)
Timers
G-Switches

G-Started Timers

Pressure Sensors Pressure-Started
(Baro/Hydro) Timers

G-Started Integrating

Accelerometers Accelerometers (FBIAS)
,_umE Length
Programmers . Radar Updated

Path Length

Crush Sensors Impact Fuzes

‘ . R .




Components:

Radars
(Antennas)

Clocks

G-Switches

Pressure Sensors
(Baro/Hydro)

Accelerometers

Programmers

Crush Sensors

557

_u:N_:@ m<m$3 _.__m_,m_,o:v\

Sub-Systems: Systems:
Airburst Radars
Proximity Radars Prime

(Prox Time-Down)

Timers
Integrated

Arming,

Prime/Backup
G-Started Timers

Fuzing &
Pressure-Started Firing
Timers - System
(Mk4 RB)

G-Started Integrating
Accelerometers (FBIASs)

Path Length

Radar-Updated
Path Length

Impact Fuzes
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Fuzing System Hierarchy |
Components: Sub-Systems: Systems:
Radars ~ Airburst Radars
(Antennas)
Proximity Radars Prime/Backup (P/B)
Clocks (Prox Time-Down)
. P/B
G-Switches Timers

P/B Integrated
O-mﬁmnma Timers

Arming,
Pressure Sensors

Crush Sensors

Fuzing &
_ Pressure-Started Firing
(Baro/Hydro) Timers System o™
(MK5 RB) Z
G-Started Integrating m
Accelerometers (FBIAs) >
Accelerometers g p)
Path Length n
TTul.uL )
Programmers Radar-Updated Backup (B) . o
Path Length | -

Impact Fuzes




HOW IS A FUZE SELECTED?

A FUZE (OR FUZES) FOR A PARTICULAR WEAPON SHOULD BE:

- ACCURATE
@o - RELIABLE
oA
™, - FLEXIBLE
$
L - SMALL
v.e.rmu
Wm - LIGHT WEIGHT
M - INEXPENSIVE
9 - PRODUCIBLE
 -TESTABLE
559




560
TIMERS

*REENTRY BODY FUZING
*PRIMARY FUZE ON OLDER SYSTEMS

._.__m_._>_.q=ccmm:Nm>zc\omm>oxc_u3,m>c>mozmmomzq
SYSTEMS o

*CANDIDATE FUZE FOR EARTH PENETRATING WEAPONS

.~ sBOMB FUZING
C{ eALSO USES TIMER FOR SAFE ESCAPE IN LAYDOWN ROLE

e |

(*ARTILLERY PROJECTILES AND SPECIAL MUNITIONS
02
GBEPTH BOMBS

"<} «TIMER INITIATED BY WATER IMPACT OR HYDROSTATIC PRESSURE

e
>
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