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PREFACE

This report presents the latest evaluation of the
design and performance of the Mk IV Mod O FM bomb., -The
report 1s a sequel to SL-12, the preliminary evaluation
report, and 1s based on an analysis of more complete test
data than were then avallable.

Mk IV Evaluation Committee

Je A, Hoffman, Chalrman
: A. N, Ayers
3 Re A+ Blce
Je J¢ Dawson
L. A. Hopkilns
Cs F. Robinson
C. E. Runyan
R. E. Schrelbsr
L, ¥V, SCh'lllZ
L, D. Smith
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EVALUATION OF THE MK IV MOD O BOMB

Abstract, -- The Mk IV Mod O FM is an implosion-type
atomic tomb based upon the same basic nuclear fission
principles as the Mk III FM, It incorporates an improved
fuzing and firing circuitry over that in the Mk III Mod O
FM weapon and the same bzsic circuitry as that in the Mk
III Mod 1 FM weapon. The bomb is re-engineered to provide
for greater ruggedness, greater dependability, easier field
techniques, better long-term storage characteristics, and
better ballistic performance than either of the Mk III FM
versions. , .

It is estimated that the field check on the ground can
be accomplished in less than two hours wrovided that the
detonators have been installed at the rzar base and that the
nuclear insertion.is performed during flight. The nuclear
insertion is estimated to take approximately one :alf hour.
The times quoted compare to a time of at least eight hours
to accomplish the same assembly results on the Mk III FM
using a larger assembly team,

It is concluded that the Mk IV Mod O FM bomb is an
improvement over its predecessors and it is recommended
that it be stockpiled as a part of the national defense
pr%gram to replace the Mk III FM,

(I). INTRODUCTION

The Mk IV Mod O FM, which is basically a refinement of
the Mk III Mod O FM, was designed to accomplish three primary
objectives:

(1)e To effect a ma jor tactical improvement

by making possible more diversified and abbreviated
field assembly procedures.,

-6 -
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(2). To make a more reliable and more
rugged bomb,

(3). To improve the bomb ballistics.

(A). Tactical Assembly Concepts

The initial design of the Mk IV FM was very strongly
affected by tactical considerations. The major purposes
of designing this bomb were to construct a weapon which, in
the field, would require a minimum of skilled personnel, a
minimum of time for checking and testing individual com-
ponents, and a minimum of test and handling equipment,
— These aims were achieved (a) by placing the fuzing and
firing components in one cartridge which plugs in, automati-
cally completing the detonator circuit, and (b) by redesign-
ing the outer case to provide ready access for installing
detonators and inserting the active material.

Ao

g

As a result of this tactical approach to the design
problem, it now is necessary in the fie.a only to remove
the_antenna noseplate, the tail plate, the cartridge, the
split-band, and the trap-door components to make = complete
check and final assembly., In contrast, the Mk III series
bombs must be almost completely disassembled and reassembled
in the field. If tactical considerations permit, forward
field techniques may be still further simplified by assembl-
ing the detonators to the bomb before it goes forward and by
abbreviating field electrical tests.
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(B). Ruggedization, Reliability, and Safeivy

Because field experience has shown that several com-
_ponents of ths Mk IITL FM -- particularly the fuzing and
firing components -- are susceptible to damage by normal
handling, extreme care is necessary to maintain homd
reliability, Simplicity of design reacts favorably on all
three factors: ruggedization, reliability, and safety. In
the ik IV a major gain toward simplicity was made in %he
firing ccmpcnsnt (X~-Unit ) over that emplicved in the Mk III
M~d O beomb. Probable gains in reliebility have been mede in
the Battery Box and Junction Box through designs of preoved
ruggedness, The Archie radar ruze sets, which were carried
over ianto the new bemb frcm the Mk IIT FM, are now mounted
cn vibration isolators to mzks them less susceptible to
damage in handling arnd use, Additicnal improvements have
veen made to insure preper functioning of electrical com=-
ponents under extreme coperating conditions,

(C)e Balilistics

A new ballistic shape, incorporating lift rather than
drag stvabilization, was decvelopsd for the Mk IV FM. When

released under B-29 drcpping conditions, this new aerodynamioc

design resulted in:
©  (1). An improvement of the ballistic coef-
ficient for rangs from 1.2 to 5.0 and of the ball-
istic coefficient for time from 1.2 to 2.3,

(2). A decrease in the maximum ballistic

i

]

" (4). A reduction of bomb vibration.

yaw from 12 degrees to 3 degrees. R
" }

Db

] Data from twenty-five full-scale drop-tests correlated
with data from wind-tunnel and firing-range tests have
demonstrated that the original ballistic design criteria are
satisfied by the Mk IV Mod 0 FM bomb,
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(D). Comparative Description of Bombs

Figure 1 shows the Mk IV and Mk III FM bombs assembled,
It will be noted that in external appearance the Mk IV is
much cleaner in design., The cllipsoid aud tail fittings,
the antennas, and the bomb lug have been eliminated as
Protuberances, The lug is recessed, ar! the antennas are
flush-mounted in the noseplate. mhe cuaplex box tail of
the Mk IIT hes becn replaced by four airfoil-type fins,

Figures 2 through 6 illustrate the weapons and their
components, and Figure 7 compares the breakdcwn of major
components of the two weapons. The difference that is most
readily apparent is the placement and mounting of the
electronic fuzing and firing equipment into one easily
removable cartridge rather than on cones placed on opposite
sides of the sphere, A study of these pictures will
identify the corresponding components of the two weapons,

Figure 8 illustrates and compares the field assembly
breakdown of the weapons. In this figure the split-band is
removed from the Mk IV for installaticn of the detonators.
The comparison clearly illustrates the greater simplicity in
field assembly of the Mk IV,

Flgure 9 illustrates and compares the field assembly
bréa :down of the weapons when the detonators are installed
insthe Mk IV at the rear base. It can be seen that further
simplificaticn is achieved if the detonators are installed
before the bomb goes forward.
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FRONT | VIEW

Fige. 3+ == Front View of I’k IV Bomb
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Fig. 4. =- Plan View of Fin and Rear View of Cartridge
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REAR VIEW

Fig. 5. -- Rear View of Mk TV Bomb
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(II). MK IV MoD O FM BOMB

(A). OVER-ALL DESIGN OF EOMB

(1). Functional Use and Design Requirements

The Mk IV Mod O FM is an implosion-type atomic bomb
based upon the same fundamental pr’n01ples of nuclear fis=-
sion as thosz of the Mk IITI FM. t incorporates an improved
fuzing and firing circuitry over that in the Mk ITII Mod O
weapon and the same basic circuitry as that in the Mk III
Mod I weapon. The bomb was re-engineeresd to provide for
greater ruggedness, greater deperdability, easier field
techniques, and better ballistic performance than either of
the Mk III vcrsions.

I addition to the detailed discussion of these various
factors presented in later sections of tiils chapter, the
following general requirements, which.apply to the entire
bomb, are discussed in this section,

(a). The bomb must withstand expected flight
and handling loads,.

x (b)e. The bomb must withstand atmospheric
conditions as required for storage and operation.

(¢)s The external dimensions of the bomb
rust be kept within the box dimensions of the Mk

;II PM and must be such that the bomb will fit
into a B-29 bomb bay.

- 20 -
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(2). Discussion, Tests, and Calculations

1,2
) (a). Flight Handling Tcpds. -- Calculations and tests
indicate that the tomt willi withstand the following load
factors shown in the memorandum "Minutes of Meeting to
Establish Load Factors for '41'," (Ref SLE-3-1477):
5
I
Airplane Flight Loads ¢ LA
4.0
Limit Ult;gggg(
Vertical 4,67 down 7.0 dovin
2,0 up 3.0 up
Longitudinal. 4,0 aft 6.0 aft
5,33 fwd 8,0 fwd
Lateral 260 9.0

Free Flicht Losds

A resultant static fin load equal to the weight
of the bcmb and leccated 1/3 of the fin height from
the base of the fin,

Ground Hardline

Vertical +4 46
-2 ~3 (based on
trailer weight)
Longitudinal 6 9
Lateral ' 2 3

The bomb is designed to withstand normal handling load
factors while being assembled or while being transported by
any practicable surface or air means. An empirical standard
of vibration testing of 10 to 55 cps constant amplitude at
10 g maximum acceleration for 45 minutes in each of three

UNCLASSIFIED
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mutually perpendicular planes has been adopted for certain
components. Although complete knowledge of transport
vibratior is not available at this time, some data have been

received.,.

Additional information is being obtained and a study is
in progress to determine the application of this information
to designaB:4 Present calculations and experience show that
the bomb has adequate factors of safety to withstand all but
the most exceptional transport loads. Vibrations recorded
during drop tests indicate that all components have adequate
factors of safety for free flight conditions.® Actual drop
tests with HE have not been made.

There has been considerable experience in the use of
assembled test bombs without any failures caused by normal

handling.

A Mk IV Mod 0 FM unit loaded with cummy charges and
electrically functional was subjected to abrncrmal handling
when the trailer on which the unit was being towe. broke
down., An electrical check and incspection of the unit was
made after the accident. Aside from fin damsge and minor
scratches on the outside of the case, no failures were found.6

(b). Environmental Limitationse. -- The original engineer-
- ing cciwcepts of atomic bombs required that each unit be

handled under specific, carefully controlled conditions in
both storage and use. The growth of storage and tactical
pPhilosophies has created the desire to provide for the storage
and “use of atomic weapons under highly adverse atmospheric
conditions, The Mk IV FM partly fulfills this long-range
devglopment ideal. A chart showing the recomme.aded limiting
environment for components is shown on pages 27-29,

(1). Long-Term Storage (Nonoperational), --
v is estimated that the components of the uvnit in
- long-term dead storage can withstand temperatures
ranging from -40CF to 149°F with the exception of
the HE assembly (long-term high temperature of
9E°F to 1000F maximum, and slow rate of tempera-
. ture change), For long~-term storage most of the
components should not be exposed to relative
humidities greater than 40 per cent; all com~
‘ pbonents are therefore packaged to provide pro-
\ tection against moisture. All components except
‘ the nuclear material, batteries, detonators, and

ST R
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cartridge are stored in the bomb case. The
assembled bomb case, which is stored in a

crate, breathes throvgh one desiccator port,

A desiccant is placzd inside the case for pro-
tection egainst mcisturs, All other components

are packaged under Method II A (dry-air technique),
By this metkod the item is packaged in a moisture-
proof barrier along with a sufficient amount of
deziccant,.

(2). Exposure During Assembly, =-- The
relavivs humidity in the assembly area chould

not be greater than 50 per cent at 8C°F,

(3). Exposure of Completcly Assembied
Bomh, -~ It 1s estimated that the assembied bemb
can be exnscesed to temperatures as low as —-40C0F
Ter at least as long as the life of the desic-
cators (approximztely twc weeks) provided the
battery temperature is increcassd to atove OOF

before use, It is also cstiuwsted that the bomb,
less its nuclear componenvs, can be cxposed to

X 12COF feor two weeks., Wish nuclsar cnimponents,
the bomb can be exposed to Lemperaviiya s
120°F for three days and up to 105°F for two
weekso

Leakage tests indicate that the outer case
. sealing will protect the assembled homb from
E exposure to reilstive humidities up to 100 per
cent for mederately long pericds providing the
desiccators are replaced when necessary (every
two weeks),

(¢). Operaticnal - General. -- Drop tests
of the Mk IV Mod O FM as well as laboratory
component vests have indicated that the bomb
wWill cperate satisfactorily at temperatures
ranging from -40°F (with heaters functioning in
the clceck bank and battery box) to 120°F, at
préssures ranging from atmospheric to 7 psi,
and+at relative humidities of 80 tc 90 per
C3NT »

ST
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The temperatures of the internal components
at detonation is not definitely known; it is
expected, however, because of the short time of
fall, that the temperatures will be very close
to those at the time of release. Tests indicate
that the temperature inside the bomb btay with a
Mk ITI Mod O bemb in it will stabilize at about
25°F to 280F above free air temperature (Ref
SMD~575, Preliminary Investigation of B-2¢ Bomb
Bay Temperstures), Tests on a ik IITI Mod O bomb
indicats: that it takes at least four hours for
the temperature of the internal componeunts to
reach -40°F when the temperature of the air to
which the bomb is exposed is rapidly changsed -
from 70°F to =-85°F (Ref sSMD-435, Low Tempsrature
Tests cf a Nagcasaki-tyre Bomb), ™These tests also
indicate that it takes at least eight hours for
the temperatures of the internal components to
chargs frcm 70°F to -65°F when the air tempera-
ture is -65°F. On the bagis of the results of
these tests, it is believed that the temperature
of internal components will not be below -40°F
when free air temperature at altitud=s is -65°F

r above,

(c)s Dimensional Limitations. -- The over-all dimensions
on the bemb were Limited to the box dimensions (60 x 60 x 128
inches) of the Mk III FM, and were to be such that the bomb
would £it in a B-29 bomb bay. Tclerances on drawings allow
tLeF external diameter of the bombt to exceed 60 inches by 0.16
ineh., The bomb fits into the bombd bays of the B-29, B-50,
AJTl, end B-36 airplanes. The distances between the fin
guide rails in the B-29 bomb bay dictated, for clearance
purposes, a 59-inch box dimension for the fins,

The total weight of the romb is 10,900 +240 pounds, and
the cg is 43-~7/16 % 1/4 inches from the nose; thg transverse
moment of inertia is approximately 9,400,000 in.“ 1lbs _and the
polar moment of inertia is approximately 4,400,00 in.2 lbs,
Compcnent weights of one unit are tabulated on page 30.

(@), Other Limitationg. -~ The unit, less its nuclear
material, after being tested and assembled, can be dispersed
for a period of two weeks without rechecking., Two weeks is
the estimated 1ife of the desiccators. The batteries will
maintain proper charge for a period of three weeks.

UNCLASSIFIED
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There are four airplanes which can accommodate the bomb
at present, the B-29, B~-50, AJ-l, and BE-36. Satisfactory
ballistic drop-tests have also been made from the B-47, but
as yet it is not wired for making the electrical checks
required in Tlight,

The best predictable results can be obtained in all
drops that are mzde from an altitude of 32,000 feet at normal
B-22 release velocity (510 mph true air speed). However,
satisfactcry drops can be made at altitudes up to at least
40,000 feet and at release velocities up to 0.8 Mach number.

Drop data indicate a trend in the increase of baro-
switch pressure of approximately 440 feet altitude per 100-mph
true air speed increase in release velocity. For normal B-29
drops thieg effect is so small as to make it impracticable to
correct the baro-switch setting. However, if release
velccities vary over a wide range, corrections should be
mads,

No.definite effect of variaticn in release altitude from
32,000 to 40,000 feet has been noted from.tests conducted to
date, There is an indicaticn that lower rzlease altitudes
may cause baro switches to close at higher %han normal alti-
tudes. Insufficient data exist at this time to establish
definitely the effect of variation in relesase altitudes upon
baro-switch closure, Baro-switch closure can, however, be
most closely predicatea at drops from 32,000 feet., Considera=-
tion should therefore be given to making drops at or near
this altitude whenever radar jamming is expected.

Weather limitations during drops are not accurately
known; however, it might be expected that all-weather use
of this weapon can be made only at the possible expense of
performance,

Atmospheric turbulence, with rare exceptions, will affect
the ballistic accuracy of the bomb by only 100 to 2C0 feet,
If unpredicted ballistic winds, such as might be encountered
in a cumulus cloud, reach 100 mph or more, the impact point
may vary as much as 1000 feet. '

Present indications are that a fairly large reduction in
blast efficiency may result from detonation in rain or fog.
The prcbability of the Archies' ranging on clouds is VEry lowe

Uinulbinooir ainl) ™
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The effects of icing during a drop are not definitely
known, The ballistic performance, antenna operation, and
“baro-switch operation may be alfected to a certain degree
by accretion of ice upon the unit. However, on the basis
of existing limited knowledge, it is believed that the

rcbability of detrimental effect of icing is low unless
severe icing conditvions are encountered,

(e). Dependence upon Personnel Performance. -- The
simplicity of tne design of the Mk IV Mcd O FM and
the reducticn of necessary assembling and testing in the
field greatly lessen the probability of human error; there-
fore the quality of personnel in tre field need not be as
good as that reguired for the Mk III without sacrificing
reliability. However, because of the importance of proper
functioning of this weapon, all operations should bhe per-
formed by theroughly trained personnel,
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Component Weight Breakdown of Mk IV Mod 0 FM

Weight
Item (1bs)

Completely Assembled Unit 110,866
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(B). OUTER CASE
(1). Functional Use and Design Requirements

The outer case of the bomb serves to provide

(a). An adequate structural memter on which
the tail fins and antennas can be mounted;

{(b). A housing for protecting the internal
conmponents against damage from handling, weather,
and low-velocity fragment damage; and ~

(c)e A suitable ballistic contour.

In addition to performing those functions, the case has
the following design requirements to meet:

(a). Accessibility nmust be provided to
the detonators on the sphere with a minimum of
disassembly in ths field,

(b). Easy removal of the electronic
cartridge containing the fuzing and firing
equipment must be provided.

: {c). Accessibility must be provided for
t insertion or extraction of the nuclear

: material by handling a minimum number of

" relatively small and lightweight components,

(d). The vibration transmitted from the
cas€ to the internal electrical components
must be kept to a minimum.

(e). All case openings must be sealed
with internal gaskets,

i 5o "TTT"?”‘"”‘?‘;}
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(2). Discussion, Tests, and Calculations

To provide sufficient strength for mounting the tail fins
and the antennas as well as fcr supplying the necessary hand=-
ling, weather. and fragment protection for the components,
the major portion of the outer case is made of 3/8-inch mild
steel. Since the front and rear of the bomb are protected by
the strike aircraft structure, they do not require as much
fragment protection; hence the tail cone of the rear case is
1/4-inch mild steel; the antenna noseplate is cast aluminum
alloy; and the rear cover plate is 1/2-inch aluminum alloy.

Strength tests and calculationsl’2 indicate that the
mechanical strength of the outer case is adequate (Ref SMD-489,
Stress Test on 1/4-inch and 1/8-ingh Mk TV Cone )., No case
damage during the normal handling snd flight of 106 units has
been noted. (4% of these were the later models with 1/4~inch
tail cones.) One bomb with dummy inter:ul weights was
accidentally dropped frem a B-29 bcmb bay onto a concrete run-
way. The only resuclting damage to the case was flattening of
the split band and failure of the bolts. abtaching the rear
case€ to the dummy weightss --After the dent was removed from
the split band, all components of the case were reusable,

A suitable ballistic contour has been achieved for the
bomb 23 discussed under Section D, page 40 , A clean outer
contour is maintained by using cavity-type antennas in the
noge, a recessed lug, and flush-mounted safing plugs and pull-
out- plugs.
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Case vibrations induced by the fins must be transmitted
through the danplng mass of the sphere before reaching the
cartridge, which is cantilevered from the rear of the sphere,
Tests which have been conducted indicate that the magnitude
of vibration tc which any electrical component of the cartridge
will be subjected is probably less than one half that in the
outer case at the basc of the fins,®

Gasket-type sealing is provided for all openings in the
outer ﬂasv; thus the case serves as a container for the pro-
tection of 1ruernal components against moisvure. Experience
gained from Iong-term storage will determine whether the seal-
ing is QqulClPrt to allow long-term, high-humidity storage
without the use of an external sealed container, Ledkage
tests that have been conducted to date indicate that adequate
sealing exists for all operational purposes nowevcr,
inasmuch as considerabvle difficulty was experlcnced in initial
procurement and quality control of inflated-~type split-band
gaskets, work is in progress to improve this gasket.

O
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(C). SPHRRE (HIGH-EXPLOSIVE CONTAINER)
(1). Functicnal Use and Design Requirements

The Mk IV FM sphere holds the HE charges, nuclear com-
ponents, and detonators, and provides support for the fuzing
and firing equipment and the forward and rear cases.

Since the Mk III FM explosive arrangements were proved

to be _satisfactorv. the same general scihcsne was adophted for MG

To maintain the smooth contour of the outer case, the
lug pad and lug were designed so that the lug would not
protrude beyond the outer case, The lug pad on the top
segment of the sphere was positioned so as to place the lug
near the center of gravity of the finished unit. The lug
attaching bolts can be removed without disturbing any other
sphere components,

Two parallel ribs on opposite sides of the lug pad
hold the gasket which seals between the split band and the
top segment. Other portions of this.gasket are confined in
recesses formed between the polar-cap flanges and the case
flanges,

sFerTT™
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(2). Tests, Calculations, and Discussion .

e i

r——“—“‘-r~ L T

b )}+—Test—ofTug Attachment. -- A fixture is useato——

test the lug on the bomb. Tne Lest loed is 50,000 pounds
(approximately 4-1/2 g),

Calculationsl indicate that the lug, the lugs attach-
ments, and the top segment of the sphere possess sufficient
strength for a 7-g ultimate load factor.

(¢). Trunnion Attachment. -- Tests (duplicating actual
load conditions) made on Mk III FM trunnions showed them to
be of ample strength with a safety factor of approximately
10., Stress~-coat techniques were used and, as expected,
showed that stress concentratlon at the trunnion pins was not
excsss1ve.

. Calculations for the trunnion attachments of the Mk IV
FM indicate Ehat a margin of safety of 7.7 exiats for a 3-g
load factor. - A —\
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o (3), Comparison with Mk III Mod O and Mod 1 FM

—

Item

Inside Diameter

Forward Polar Cap

Center Segments

E
Re%p Polar Cap

Nuclear Insertion

. UNCLASSIFIED 54
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(D). BALLISTIC DESIGN

(1) Introduction

This section cf the report deals primarily with the
actual vehavior and pcrformance of the full-scale bomb as
tested from B-29 and B-47 aircraft, and in acdition evaluates
the wind-tunnel and firing-range test data,

{2). Summary

The ballistic performance of the ik IV IMfod O boerb has
proved to be far better than was first hoped to be attailned
by 1lift stabilizaticn, The stringent requirement of the
fineness ratio of 2,13 teo 1, when incorporated with other
design requirements, presented a very difficult ballistic
problem. To design a ballictic shaps with this fineness
ratio that will not encounter flow sepsraifiion in certain Mach
regions is considered impossible., Tne balliissic problem is
resolved, therefore, into one of stabilizing the bomb by
means of highly efficient airfoils on the tail section, and
yet maintaining static stability and reasonable dynamic
stability throughcut the Mech rangs of approximately 0.4 to
0.97. The fact that the cross-sectional loading of this
bom¥ is such thst i% attains an.G.85 Mach number in the
early part of its flight and stays in the region between 0.85
and 0.97 until impact, increases the complexity of the problem.

Under B-29 conditions (32,000 feet altitude and 310 mph
true air speed) the bomb has never experienced a pitch or yaw
greater than 43 degrees. Under B~47 conditions (35,000 feet
altitude and 500 mph true air speed), when coupled with a
certain atmospheric structure, a small region of dynamic
ilnsvability was noted. This region occurred in the early part
of the flight and demped itcelf to less than 43 degrees in
approximately five seconds. The maximum pitch or yaw that
developed under these extreme conditions on one drop was 13
degrees from the trajectory. The maximum yaw angles for the
remaining B-47 drcps ranged from #1.5 to +8 degress. In no
drop did a pitch or yaw of over 3 degrees develop after the
bomb reached 22,000 feet altitud€.

UNCLASSIFIED _,
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The ballistic coefficient for time of the bomb under
B-29 conditions is approximately 2.3. Under B-47 conditions
this coefficient is approximately 1.8, The corresponding

ballistic coefficients ror runge are 3.0 and 1.8, respectively.

(3). Design Requirements

Although the basic reason for the design and develop-
ment of the Mk IV FiM was to produce an implosion weespon with
simpler field assembly charezcteristics than the Mx III Mod O
FM, it was felt desiratle at the same time to improve the
ballistic design and reduce internal vibration., The follow=-
ing points were considered:

{a). Hiegner Basliistic Coefficient. -- An improved
ballistic ccefficient usually aecreases the bomb dispersion.
Because increassd accuracy is tactically desirable, the
criterion was established that the ballistiec coefficient
should be increased by a factor of 2 if possible. Since

this would have to te accomplished by reducing the drag, a
program to improve the contour, eliminavce ::rotuberances,

and utilize lift rathesr than drag stabilizetion was proposed.
It was felt that a reduction of the induced vibration would

also be accomplished by following this program.

= (b). Minimam Pitch and Yaw. -- The dependability of
cer%ain Lypes of Tuzlng may be affected by the pitch and
yaws=of the bomb at the time of fuze operation. ZExtrere
pitching and yawing can also cause excessive g loading of
electronic equipment and can materially increase dispersion.
Within the dimensional limitations of the bomb, it was felt
that minimum pitch and yaw could best be accomplished by
moving the center of gravity as far forward as possible and
by improving the aerodynamic efficiency of the tail.

(c)e Accessibility in Aircraft. -- It is desirable to
hgve access ircm the rear oi the bomb bay to the pull-out
wires and cables at the top of the bomb. It was therefore
hoped that the ballistic improvements could be gained with-
out obstructing the space between the fins with shrouds or
dgag Plates. An additionel advantage thus gained is the
simplicity of the design of both the bomb and the handling
equipment,

~ UNCLASZIFIED
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(d)e Simplicity and Practicability of Design. -- It was
deemed desiraole to accomplish all of the improvements withe-
out sacr:ficing simplicity of manufacturing and assembly
while at the same time maintaining a bomb structure suffi=-
ciently strong and rigid to withstand normal field handling
without misalignment of the tail or fin assembly.

(4). Tests, Calculations, and Discussion

- {a). Physical Characteristics., -- The Mk IV Mod O bomb
is 60 inches in diameter, 123 inches long, and weighs- 10,900
1bs 4 240 1lbs. Its center of gravity is 43-7/16 inches
2 1/4 inch from the nose, and the transverse moment of ‘

‘»1nert1a is 9.4 x 10% in.% 1bs, Its general shape is that of i
a modified "C-class" airship; it has a 29-inch- diameter TIEE
nose and a 33-inch diameter at the rear. The tail fins are
the double-wedge type having a 5°44' included angle at the
leading edge and a 25°44' angie at the rear of the fin. The
surface of the bomb is free of noticeable protrusions, and
provides ready access from the rear of the bomb bay since it
does not incorporate shrouds or drag plates (see TFig. 1).

(b)e Design Tests. -- The ballistic design problem
was that of chocsing a body shape and tail conflguratlon con-
forming to the design requirements listed above and yet
meetlng the stringent dlmen31onal requirements of the current
B- 29.a1rcraft.

To start the design program, wind-tunnel tests were
conducted at Aberdeen Ballistic Laboratcory on body models
to choose the forms that would most nea.ly satisfy these
criteria, Body shapes 3b-2¢c and 3-3A showed good performance
in these tests (Ref Report LA-615, The Mk IV Ballistics
Program), Twenty-mm mcdels were then Tired in Lhe Tree-
flight aerodynamic range at Aberdeen to study dynamic flight
characteristics and airflow throughout the range of expected
transonic velocities, Similar tests were conducted with
finned models in choosing the fin planform, known as the
stendard fin, which appeared from wind-tunnel tests to be
the optimum for use with 3b-2¢ or 3-3A bodies.

gy
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As the next step in the program, drop tests from air-
craft were made using 1l/2~scale units. A total of 38 were
expended, of which 9 were 3-3A and 29 were 3b~-2c. In this
test series, 12 fin designs were used.

X The Aberdeen Ballistic Laboratory tests and the 1/2-
scale drop tests led to the choice of the 3b-2c body shape
for the full-scale drop program, and eliminated some of the
undesirable fin configurations from further consideration,
The full-scale drop program was planned to provide data for
further fin improvement and to prove the design of the
fuzing and firing components.

At the beginning of the summer of 1948, the full-scale
drop-tests indicated that the large-plan fin (plan area
increased approximately 25 per cent above the plan area of
the standard fin) experienced smaller ballistic yaw in
flight than other planforms. Fairly consistent performance
was also obtained using the thir fin (plan area decreased
approximately 25 per cent of the plan area of the standard
fin) with a circular shroud attached. Neither of these
types, however, gave ballistic performance of the desired
qualitye.

At this time an advisory panel, composed of leading
aerodynamicists from various aircraft companies and other
research organizations, was called together to submit com-
ments and recommendations. Because of the improvements in
mgdgl-testing facilities and techniques that had come about
Sin¢e Aberdeen wind-tunnel and 20-mm range-model tests, it
was“recommended that wind-tunnel and range-model tests be
lnaugurated in parallel with a continuing drop program. The
recommended tests fell into two basic classes:

(1). Continuation of a lift stabilization
program using a wedge-type airfoil instead of a
lenticular-type, and using various suggested
Planforms,

(2). If this proved unsuccessful, investi-.
gation of drag stabilization by means of perfora-
ted plates (the airplane dive~brake technique),

In the course of the single-wedge fin drop tests recom-
mended by the panel, a modified airfoil section (double
wedge ) was developed by the Sandia Laboratory and its ballistic
consultant of long standing, Dr. J. L. Kelley., Seven full-scale
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drops (release altitudes from 32,000 ft to 37,000 ft) were
soon made and each demonstrated high stability. In a second
meeting of the advisory panel, the members officially expres-
sed confidence tiat the double-wedge large=plan fin had
satisfactorily solved the fin design prcblems within the
Speced and altitude ranges thus far tested. It was, there-
fore, chosen as the fin for the Mk IV Mcd O comb,

Test results from full-scale drops, win@-tunngl, and the
20-mm firing-range tests for this final configuration are
given in the following sectionse.

(¢). Drop Tests. -- Fifteen units dropped from B~-29
aircraft have measured up to the highest expectations of
ballistic performance. In no drop was a yaw greater than 3
degrees from the trajectory observed. Some of the ten units
drcpped from B-47 aircraft at greater speeds and higher
altitudes demonstrated dynamic instability in a narrow band
of Mach nurbers., This unstable region, however, occupied
only a very small portion of the cntire trajectory and was
followed by a regicn of high positive damping. These units
attained a maximum Mach number of 0.96 to 0.97, where their
berformance is excellent., Pecause of i%s cccurrence so
early in flight and its short duration, tixz unstable region
has a negligible effect on the trajectory as a whole,

ITtems of test data from the twenty-five double-wedge
large~plan full-scale drops are given in Tables I through V
contained in the Appendix.SB

" Some of these tabulated items are worthy of particular
note in order to understand more ccmpletely the ballistic
accuracy of the bomb and the importance ot the differential
gffects which must be considered if great dropping accuracy
1s to be attained. The foliowing table gives a breakdown
of inherent ballistic errors.
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As recommended by the aerodynamics panel, an intensive study
is being made to evaluate the dynamic characteristics of the
Mk IV bomb. This study is being pursued in the 20-mm
ballistic firing-range and in the wind-tunnel, and will be
correlated with data from full-scale droPSe

A statistical analysis of data from the fifteen B-29
drops results in the following values of the standard
deviation,

bl
Do

—————

b TRt ot ks e G5 e e i gt B 7 i 'i

) e

- {(d), . Wind-Tunnel Tests., -- Wind-tunnel tests have
indicated that this configuration provides adequate static
stability between 0.400 and 0,935 Mach number. Measurements
of moment and drag in the wind-tunnel show excellent

*Corrections were made for ballistic wind, earth's
rotation, atmospheric density structure, altitude, ground
speed, vertical velocity of aircraft, and weight of unit, .
Corrections have not been made for temperature effects, for
lnadequacy of the Aberdeen Ballistic Reduction Tables as
applied to our bomb, or for normal instrumentation errors,
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correlation with corresponding values based on drop-test
data. Static stability (distance betwe n the center of
gravity ond the center of pressure) decreases sharply in

the Mach range from 0.875 to 0.91 but is always nositive,
thus maintaining a stabilizing moment. A detailed pre-
sentation of wind-tunnel test data together with a com-
parison of the results with drop-test and 20-mm firing-range
data is contained in Report SLIS5-74, Part IL.9

(e). 20~-mm Firing-Range Tests. -- Models have been
fired and photograpned throughout the range of transonic
velocities. These photographs provide a means of studying
the existing flow patterns and show the exact location of
the sh?ck wave under various conditions (see Figs. 10, 11,
and 12),.
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Fig. 10 - 20-mm Model, DVLP Fins; M= 0.871
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Fig. 12 - 20-mm Model, DNLP Finsj; M= 0.923
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(E). ELECTRONIC CARTRIDGE
(L) Functional Use and Design Requirements

The cartridge was designed to contain all_of the fuzlgg
and firing components (Figs. 13 and 14) excepting thgse which
must necessarily have connections directly at the skin of the
bomb for external access and/or proper functiono‘ The speci-
fic items excluded are the antennas for the Archie sets, the
receptacles for the safety plugs, and the receptacles for the
pull-out plugs. In oréer to make plug-in connectlon to the
detonator circuits possible, the distribution and fable com=
pensation system was split from the rest of the X<Unit at the
gap output in such a manner as to make connection hy spring-
fingers when the cartridge is fastened into place. The
distribution and cable compensation system is fastened to
the sphere assembly, and the X-Unit is lacated on the front
of the cartridge.

Vibration has been minimized by mounting the entire
cartridge structure on the sphere assembly to da.p out the
vibration from the outer case. This practically dictated
that the shape of the cartridge be cylindrical for greatest
strength and most effective mountinge

The entire cartridge is easily removable for testing or
replecement, The placement of parts on the cartridge permits
all routine field tests to be made without removal of any of
the components from the main structure. Components such as
Archies and baro switches which frequently have to be modified
or ad justed in the field under different tactical conditions,
are easily removable without ma jor disassembly.

Relatively few connections need to be made to complete
the electrical hookup after the cartridge has been fastened
into place, and these are easily and quickly accomplished.
They include the four antenna cables for the Archies, the
two safing-plug cables, the two pull-out cables, and the ]
pull-out wire harness. No manifold pressure connections for
the baro switches are required for this bomb, since the baro
switches operate from the internal pressure of the bomb,

SEeRrT
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(2)s Tests, Calculations, and Discussion

rreliminary vibration tects on a completely assembled

curtrlorp 111ic ted that 1t was not sufficiently rigid

SU“JL urally., Comnoneunts mounted on the free end of the
artilever exzpericaced acceelerations of several times the

1nput to the shake tableo

_ The cartridze case was redesigned, and the Archies were
) mounted for vibration isolation.tO

Tests on the final cartr'doell showed that the cartridge
structurc will withstand constant amplitude v1L:c:1on Trom
10 to 55 cps with an acceleration of 10 g at 55 ¢ps; the mag-
nification ratio of the C:ft”ld”G structure has Lcen decreased
) considerably, and thz Archie assembly has been effectively
i80lated from vibratiocn.

Calculations indicate %
attachments of the indivi ug
10-g vibratory load factor.+

hat the cartridge case and
1 cormponents will withstand a

]

The maximum vibration recorded for a ~onmponent of the
cartridge during drop testcs was 1.73 g at 249 ¢ps,° The
amplitude cof +vibvraticn for most of the drops was so small
that actual values could not be obtained,

£
@
P
® *

SGREE
UNCLASSIFIED




UNCLASSIFIED

I

‘Topeur sty

Ut 3SIX® gqou goop aauTd-vy

ayg guun denxy ‘0 poy se
Surjunow Jo adij awes T DO

*2ETO J92N0

9U3 uwoJdJ uoTarIqra juo duep
03 adayds ayj uo poajuncu Haw
93eTd-y ©u3 uo asoyz adsoxa
SQUBUOGWHO TIY  *odouds aya
03 Payoeiie 8F JdU0O JIR3JI I
TOUOD IRDI JUQ C3 PIYoTgLE

ST UoTumM (9geid-9) ojerdgery
U3 uo poauncuw €t quawdiribs
wcﬂwzm ‘PTOSULTITY pBIBIIOT &7
03 poucTLgse (ws3e1d-y) sanyd
3TTJ dU3 U0 SqUNOW 388 FUTATJ
Yz aoi saowdynbs faeirxne
SYUL osuL:m oL} 73 pouselje
ST UOTUM 2UOD PaeMIOJ OU3 uo

pajunou ST 498 JUTITI 25 DOK

11T 2

*3urgeon J0J orqeaowad ATTSBO ST pue
98ED J93n0 3Y)} WOIJ UCT4RAATA Y] 9no

dwtp o3 aaayds ® uc @opssos ST 98BO
98pTIAIBO BAT4Ua 8YI, ‘9380 88pTaaareo
Ur-3nfd 8 U0 pojunow as® wajsAs UOTa
-NqTI}STP JUTATI FUB SBUUdQUR OTYOJY
oyg 3docxd sjustoduwod TeOTI09Td 1TV

AT ¥

T POW pue O DPOW IITI AW U3ITM uUoSTIRAWO) *(¢)

squauodwo)
Jo JuTqunop

walT

UNCLASSIFIED 55




- -opuu aq
" u®eOd SUOT409UU0D J034BUOJSDP ay3
LaJ10Jaq DPOTTELISUT 99 asnu 4Tun-X
oyl °ATqwoassv ad0Jod 3Tun-X
53U 07 PoyoEla® oQ Jsnw YyofuMm
ggaulBy ofqeAcWwad ‘pauwxoJaad

® Ul sBUTA PEOT 3Tunp-xX OUg

18 954BUTULI9] SOTGRO J03BUCEID
TIIY¥Y AT 3l €B swes ST J013U
~049p 8Yj3 09 UOT409UU0) 1 LUH

* 8409
-QUO39p OU3 09 Payce3z3e 9q uevd
wayg JOo AU®B 2J015Q 2ATUN~X U3

07 DPSYcelIBR 9 2%NW €8GIBO [TI®
fsaogosuuoo Inyd-xarvds ul 3TUN-X
i 29Uyl 1® 99TUTWXIG] SOTQRO J03
. -'UO030p TTV ~DPUOT J04EUO3DD 0%
I 9Tqeo TeTXroo Jurdwiado Lq aprul
NQODmcouoﬁ 09 UOT300UU0D 0 POW

\

ITT AW

- qgs -

* ATQUISSBSTD
Jofzu B 3nousgIm quecq &yl
WoJIJ poAowWdI 29 03 338 3Jut
-I7J pue JurznJ 9Yj SMOTT®
pue ‘398 BUITI d{U3z Jo
UOT4RTTBISUT a&J0J9Q Suop
BUTITM JI03BUOCZSP 9ABY 0]
SWT3 4SITJ 9yl J0JF 9tqTssod
3T soyew STYL HION

*po3ad9SUl ST 93PTJI3aBO dUj

uaym sa23utJ Butads £q 3TUN~X SU3 03
psaotdwoo ATTeOoTARWOZNE 348 S3TNOJITO
J0q'U04Sp 3YL -quwoq ayg og Afqusesse
J91Je SaTJ 93pTagaro JulaiJ pur 3ut
-zaJ 93 YOTUM O3uT SToB4CaO0dI 3Uj
ST o%ueTJ J09NQIIZSIP 2yUyL °aaayds
ay3 uo peaunouw d3ueTJ A03INQTI3STP

? Ul 93RUTWIO] SITJRBO J03BUO0393P TTIV
*gI10909Uuod aanssaad =dAn-gouocheq

AQ opBW 2J7 Jd04BUOZDP 04 SUO0,392UU0D

AT MW

J03eU033(d
03 23e3TOA-UITH

Wa3 T

|
i

i
-

UNCLASSIFIED




(F). ELECTRICAL FUZING AND FIRIWG SYSTEN

p)
.
po
=i
(@)
S

(1)» Tunctlonzl Use and Design Reguirements

ectrical system has two basic funestionse It pro-
Lf-contairod firing system to initiate all dstona-
extrencly rnavrow time limite, and it provides an
citive fuze whiclhh will e&ncure dstvoration at a
riined alt itUdu above the target,

"

In the implosion- t"pe cf atomic bomb, detcrnation must be
initiated at many pcinte on the surface of a sphere within

’ N\ exgremely narrow time Iimite o
\§b ' "~ TrARETeTS at these points are—
—~ IniTiated by Vayﬁrlalbg a mecal bridge wire In each detonagtor
wo
with a high-vclicge pul $6.a— .
w2
L Sl
Mod & X-Unit is used in the WMk IV Fod O Fids ’
{a)s Tiring System Q
, - -
\;b ' —
\§ " The discharge of this condenser
~ T ban Into The bridge-wire circuit i1s accomplished by the
» ~ breakdown of g spars-gap swltch. The scurce of energy for
the firing set is two 30-voit tanks of batteries. The mechan=-
ics of the transfer of energy from the low-potential battery
source to the high-potential capacitive source, and the
. simplicity of the circuit, compared with that of ths Mk II
- X-Unit, can best be understood by refecrence to the tw circuits
. B shown in Figure 15, i .
’ - .
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Fig. 16, —- Mk IV X-Unit
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é:>///TH§_ﬁgEhanical specifications for this set require
ebility to operate under definszd condlitions of vibration,
temperature, pressure, and humidity. The vibration specifica-
tigns require vibration cyecling froem 10 to 55 cycles per sec-
ong 1n one minute, with a total displacement of 0,06 inch

for 45 minutes along each of the three major axes., The temper-
ature specifications require operability of the set over the
range from =-220F to +4149°F, The pressure specifications re-
quire operation of the set in a normal manner at pressures

as low as 7.0 psi (approximately 19,000 feet altituvde). The
humidity specifications require operability at humidities

from 80 to 90 per cent RH at 79°F, approximately,

The X-Unit 1s armed by a network of clock-operated bcﬁ
switches set to operate approxirately 15 seconds after the -
pull-out of the arming wires. These arming wires are pulled pof

as_the bomb drops away from the plane. , 7
{ d—T_“fH'JTnIE—EESGmbly differs from the Clock-Bank Assembly
used in e Mk IIT Mod 1 only in the crientation of the con~
nectorse '
A L ¥
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The Clock Assembly, housed in a Fiberglas laminate shell
which serves as a heat insulator, 1is recessed into a central
compartmect of the Junction Box. The mechanism is maintained
at proper operating temperature by two thermostatically con-
trolled heater strips which are connected to the piane's
power source fthrough the FTB. Each heater strip and thermo-
stat forms an indspencdent heating device which cuts in at
80°F and out at 100°F.

(b)s Fuzing System

The fuzing system uses the same general compcnents as
were used in the Mk III Mod 1 bomb, but these components are
remounted to conform with the cartridge design concepts.

The fuzing system in the Mk IV Mod O bomb includes four
Archies, six baro switches, two relay networiks, and one (slot)
antenna noseplates The Archie is the same modified tail-
warning radar set, the APS-13, uced as the basic fuze in pre=-
vigus atomic bombs. The relay networks are so arranged that
any two Archie output signals wlll operate both relay net-
wozks. Each relay network 1s in itself capable of firing
both channels of the X-Unit.

In order to protect the Archie sets from damage due to
shock and vibration, they are placed on vibration isolation
mounts in the Cartridge structure.

The antenna system consists of four cavity~-backed slot
antennas mounted symmetrically on the front noseplate. The
flush-mounting slot antenna 1s superior rrom an aerodynamic
and hendling standpoint to the Yagi~type antenna used on
previous bombs. Electrically, the slot antenna has the de-~
sirable characteristics of broad band, low-voltage standing
wave ratio (1.5 or less in the normal operating range),
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sultable radiation pattern, and galn comparable to the former
Yagl antenna. The noseplate assembly weighs 62 poundse A
design is now under develorment that will reduce this weight
to approximately 15 pounds,

The baro switches are the same (B3-4 and BS~5) as those
used In previous bombs and have the same functions

In the Mk IV Mod O weapon the pressure that actuates
the baro switches 1s obtained by a flow of air into the
Interior of the bomb through six 3/8-inch pcrts near the
. nose. X Since ths bomb case serves as a manifold, no hecss
connecvicns to the baro switches are necessary. The pressure
drop across the poi'ts produces neariy ambient preszuie inside
the bomb

(¢c)s Junction Box

Excepting the antenna cables, all fuzing and firing
system interccnnsctions are made through the Junction Box,.
The usé of the Junction Box mekss it pcesible to dlsconnect
any of the major subassemblieg for replscement or modifica-
tlon without a major disassembly of the c:ritridge. The
Junction Box contains the Archie integrating cavacltors,
the relay networks, the power fuses, and the pull-out swiltches.,
The pull-out switches are so rounted that puli-out wires can
be 1nserted without removal of the Junctlon Box covers

(8% Power Supply

= The power supply for the Mk IV Mod O bomb consists of
two independent banks of 30-volt lead-acid batteries con=-
talned in one heated enclosure. It 1s identical to that
used in the Mk III Mod 1 bomb, The batteries, designated
ER-12-10, are markedly supexrior to the NT-6 batteries used
in the Mk III Mod O bomb. They have a longer shelf life in
a charged condition, greater mechanlcal ruggedness, and
require simpler preparation and installa‘tion procedures during
weapon assembiy operations,

(e)e Safety Features

Adequate safety features are included in the design of
the electrical system to prevent premeture detonation under
all predlctable circumstences from the time of essembly until
the baro switches close (normally a few seconds before de-

tonation altitude).
UNCLASSIHLED o3
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Protectlon from the time of assembly until the firing
plugs are inserted is afforded by safing plugs in the nose
of the bombe. These safing plugs open the power lines to the
firing set, and, in addition, short-circuit the input lines
to the firing sets Protection éuring the remsinder of the
time the bomb is in the plane 1s afforded by a bzak of clock=-
operated switches which provide an open circuit to the firing
set, and by pull-out switches which provide open circuits
from the relay network outputs to the firing switches.,

~ Protection from time of release until the bomb is out
of ‘fuze range of the strike aircraft is afforded by the
X~Unit arming clocks and barometric switches.

In the event of premature baro-switch closure, the
arming clocks willl prevent the X-Unit from firing should
the radar fugze range on the plane. Normally, the baro
switches prevent the radar fuze from operating durlng this
period.

Protection egainst premature detcnation after operation
of the clock switches is afforded solely by the baro switches,
They minimize chances of premature fuze operation due to
malfunction of equipment and radar countermeasures,

(f)e Comparison of Drop Sequence of the Mk III Mod O and
the Mk IV

3 Operating phenomena after release are provided in Figures

17 ;tand 18, There is no significant diffirence in this respect
between the Mx III Mod 1 and the Mk IV.

(2). Tests, Calculations, and Discussion

(a)e Firing System

The X~Unit Mk IV Mod 5 has successfully operated under
all ceonditions of temperature, pressure ,vibration, and
humidity mentioned above on page 58t2,

e
UNCLASSIFIED. «



UNCLASSIFIED

OPERATION
-62-

ARMING WIRES OUT OF CLOCKS & POWER SWITCHES.

GLOCKS START OPERATING.
L* ARCHIES ARE WARMED UP BEFORE RELEASE.

e M "

) POWER SWITCHED TO INTERNAL INVERTER.
~o HIGH VOLTAGE IN MAIN GCONDENSERS.
\ PRESSURE PUMPS CAN OPERATE, UNTIL RELEASE.

\Q. CLOCKS CLOSE.

BAROS 'GLOSE.
ARCHIES START TRANSMITTING.
RELAY NET ARMED.
: ARGHIES FIRE (MIN, OF TWO)
nr RELAY NET CLOSES,
Naan ARMING SWITGH GLOSES.
DETONATION ( ( DELAY RELAYS START.
: u})\\ FIRING SWITCHES OPERATE.
s

I »

L .

| GROUND LEVEL

DROP SEQUENCE FOR THE 1561 FM ATOMIC BOMB

WITH THE MK. IT X—UNIT
(MK.III MOD.O ATOMIC BOMB)

rioure no. 17 JNCLASSIFIED os



OPERATION

ARMING WIRES OUT OF CLOCKS 8 POWER SWITCHES.
FIRING CLOCKS START OPERATING.
ARCHIES WARMED UP BEFORE RELEASE.

H. NO PRESSURE PUMPS REQ'D.

e CLOCKS GCLOSE.
§\ CURRENT STARTS THRU X-UNIT CHOKE.

s _ﬂ'f"'

\ BAROS GLOSE _
#” ARGHIES START TRANSMITTING
RELAY NET ARMED

”

NO HIGH VOLTAGE UNTIL > .\\VARGHIES FIRING (MIN OF 2)
f . -
IMMEDIATELY BEFORE osrommon.s\(a )D RELAY NET CLOSES..

(LESS DANGER OF PREMATURE) Ky;;\/\ FIRING SWITGHES OPERATE.
DE TONATION
%L A - ad
J GROUND LEVEL L

DROP SEQUENGE FOR THé MKIx, MOD O ATOMIC BOMB
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In addltion, it has been subjected to destructlve test-
ing to determine its performance under very extreme condi-
tions of pressure, temperature, and vibration with the object
of strengthening the basic design where possible if any
faillures were noted {(Ref SMD~9°4 Rigcrous Temperature,
Pressure, snd Vibration Teats!e

Vibration testing inclvded accelerations up to 20 g at
55 cps. Two types of failure occurred during this test,.
The first was a disengagement of the firing-~switch rotor
spring, allowing free movement of the rotor assembly. This
was due to an improper assembly technijue, and corrective
measures have been tazken to prevent this in the future., The
second was a severance of wires connecting the pulse trans-
former to the gap trigger probe contact. These leads have
since been anchored firmly to prevent a recurrence of this
trouble.

Temperature testing included cyclivg from -65° to 4149°F
for six dayss. The tempsratures was changed from one extreme
to the cther every twenty~four hcurs. The units were com-
pletely operable at the end of the testing period, except
for one which was improperly constructed (incorrect potting
compound in choke).

Operation was normal at pressures as low as 3 psi
(38,000 ft, approximately).

E M-26 Gap Life Tests, -- Tests of gaps with a simulated
1ife tester Indicated an expected 1ife of at least fifty
firings after sealing (Ref EG&G-Q-1, M-26 Gap Report).
These tests are admittedly optimistic since they were not
performed in an actual X-Unit.

Actual firing tests in an X-Unit indicate an average
life of greater than fifty firings. However, considerable
variagtion in life was shown from gap to gape Work is in
progress to improve the quality of the ¥-26 gap. Results
are not yet available.

Pulse Transformer Tests. -- Tests indicate that a pulse
transformer failure i1e unlikely in normal use in the X-Unit
(Ref EG&G OUT-387, X-Unit Pulse Transformers).

UNCLASSIFIED ,,
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Several pulse transformers were tested thousands of
times with 1.5 watt-seconds of energy; 1.2 watt-seconds 1s
typlcal of X~Unit usage. No failures resulted.l4

Firing Switch Vidbration Tests. -~ The firing swltch, 1n
1ts enclosure, wes viorated at 10 g from 50 to 200 cps.*s
Trouble with contact chatter was encountered at higher fre-
quencies, but operation was normal at accelerations well
above those met with in drop testse.

X=Unit Condenser., =-- Condensers have passed a 17-kilovolt
high-potential tTest at temperatures as low as =-700F.

N
These results have been verifled at Los Alamos by GMX-7
through an explosive mixture elmilar to that used in the 1E20
detonauor (Ref GMX-7-30, Mk IV Mod & X-Unit Firing Tests, :
August 16, 194Qu —_—
\

Clockss == The modified M-111A2 fuze 1s capable of with-
standing a vibration of 10 g at 10 to 55 cps in three planes
for 45 minutes. Operation was not affected by exposure to
120°F, 98 to 100 per cent RH for 48 hours, with subseguent
lowering of temperature in decrements of 5° per minute to
25%F. The main weakness of this clock 1s that it 1s neither
rewlndable nor resettable without speclal precedures, includ-
ing the taking of X-ray plctures. This, coupled with a total -
life of approximately five operatlions, prohibits fileld
testing and makes operational testing by the Road Department
Impracticable. This timing device 1s not sulted to long-term
storage because (a) 1t must be stored in wound condition,
which may result in a weakening of the untempered main
spring; (b) the lubricant becomes viscous during long-term
storage; and (c) not all parts are corrésion resistant.

(b)e PFuzing System

- Archie Tests. =-- Normally-mounted Archies were vibrated
in a cartridge for 45 minutes in the two most severe planes.
Maxlimum acceleration at the base of the cartridge was 10 g

at 55 cps. No mechanical fallures occurred, and the Archles
were electrically operable at the conclusion of the tests.ll

SelsneRe
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In a cold chamber test, o temperature of =-40°F had no
appreciable sffect on the power output or the timing-oscillator

frequency, and the carrier frequency was changed less than (

2 megacycles,l —\D
- - R i Dﬁ
b

T Thrtenna Noseplate Testse. -- The antenna noseplate was
vibrated continuously from 10 to 55 cps for 90 minutes along
each of three mutually perpendicular axes. The maximum
acceleration was 10 g. When the plane of vibration was per-
pendicular to the plane of the polystyrene cover, the antenna
noseplate and mounting went into resonance at frequencies of
42 to 53 cpse The maximum acceleration developed during
resonance was 40 gs It 1s believed that the resonance effects
were due to the fixture used to mount the antenna plate on
the vibration table, rather than to actuzl resonance of the
antenna assembly at this frequency,.  There was no evidence of
cracking or breaking of any member.

The high~temperature limit of the antenna noseplate is
determined by the deformation temperature of the polystyrene
windows, which is 158°F. The noseplate should not be placed
where temperatures of 150° or greater exist. It will operate
unger extreme cold conditions of -670F,

- The antenna noseplate assembly was subjected to 120°F
and 95 to 100 per cent RH for a period of two weeks with no
change 1n voltage standing wave ratio,

Final radiastion pattern measurements have not been com-
pleted, but on the final preproduction model the beam width
between half-power points in the H-plane was 80 degrees and
in the E-plane 60 degrees.l9

Absolute gain measurements on the slot antenna have
not been made to date. Relative gain measurements made
with the Yagi antenna, AYIF, show them to be comparable
within 2 db.

In the normal operating range the antenna input imped-
ance 1s approximately 50 ohms, and the voltage standing wave
ratio 1s 1.5 or less.

b——
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The slot antenna is a relatively broadband type. With
a standing wave ratio of 1.5 or less, the antenna has g
total bardwidth of 6 per cent,

The presence of any foreign material over the radiating
area will affect the electrical characteristics of the an-
tennase. The effects of ice depend on the type of ice de-
posited on the noseplate, such as the t_pe of crystalline
structure and degrece of wetness. The date taken thus far
only show the effects on the 1lmpedance and indicete that up
to 1/4 of an inch of ice can be tolerated without affecting
the impedance apprecigoly.

The effects on the gain and radlation pattern have not
been made at thess frequencies because of the mechanical
diffi:ulties involved,

The presence of a layer of ice which has been formed
by laboratory means causes the entire voltage standing wave
ratlo vs frequency curve to move toward a lower frequency.
This does not have any detrimental effect on matthlng, be~-
cause of the anterina's broadband characteristi .

Tests were made comparing films of water and ice on the
noseplate. With thin films neither affect the voltage stand~
ing wave ratio appreciabliy, but a 1/16~inch depth of water,
due to 1ts poor electrical properties, causes a mismatch
resulting in a voitege standing wave ratio of more than 4.0,
whéreas for a 1/16-~1inch thickness of ice the voltage stand-
ing wave ratio is still less than 1l.be

Discussion of Baro Switch System. -~ Under original con=-
cepts the baro switches were set several thousand feet
above detonatlon aititude to ensure that the fuzing circuit

would alwagJ,gﬁ“anmed_mg;l_gbove the chosen detonatilon .
altitude. . NES

* DD§

An alternate method for determining baro-switch settings
has been proposed for future weapons, and a study is under =Y
was to determine the possibility of using this system for. b =
the 17¢ IV Mod O weapons | Dot
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L To make this system ‘effective (?
1t 1s necessary that themrchbacy of the baro system be . '?
both high and predictables | ) o 1
-ﬂ
“

On the basls of mwn agnalysis of exlsting pressure data,
it 1s estimated that the baro switches can be set to operate
at an altitudé 2000 feet above detqnation altitude, . The
accuracy of the system (expréssed In one standard devia-
tion) 1is estimated as follows:

(1)s Baro-8wi¥ch calibration inaccuracles:
100 feet,

(2)s Baro=Bwitch errors caused by sensitivity
E to temperature variations and vibration: 200 foet.

L

(3)s Error in prediction of barometric
pressure: 400 feet.

(4)s Error in pressure system: 600 feet.,

(5)s Total error of baro system: (approxi-
mately) 750 feete

The lack of statistical information makes it impossible
to establish accurate values at this time. A continued
study of the system 1s being made and the estimated accuracy
will be changed as dictated by results of this study.
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Studies have been made in an attempt to determine the
effect of varicus outside factors upon the baro system.
These faztors are release altitude, release velocity, varis-~
tion of atmospheric conditions, and lcinge ZLaci: of suffi-
cient data on this complex system makes it impossible at
this time to present concrets conclusions. A discussion of
the effect of these factcrs based upon exilsting knowledge
follows,

(1)s Drop deta obtained to date do not indi-
cate any definite effect due to variation in release
altitudes from 32,000 to 40,000 feet,

(2). Drop data indicate a trend toward am
increase of baro-switch pressure of approximately
440 feet altitude per 100 mph true alr speed in-
crease in releass velocity. For normal B=-29
drops this differentisl 1s so small as to make
it impracticable to correct baro-switch settings;
hewever, if release velocities vary over a wide
range, corrections should be madse.

(3)e Drop data have indicatcl no definite
trend due to the effects of variations 1n atmos-
pheric factors upon baro~switch operation, How-
ever, it must be pointed out that the variation
in these factors at the test site was small.

(4)s The effects of icing during drop are
not known. It 1s belleved that the probability
of occurrence of detrimental icing is low unless
heavy icing conditions are encountered.

ﬂ"! m [

A program is in process to increase the knowledge of
the present baro system and to investigate other systems
which might be more desirable, To this date ng proof of
a better, usable system exists,

-

Baro~Switch System Drop Tests. == A study of data ob-
tained from an anaiysis of pressure data ottained during
drops for units with 3/8~inch ports and double-wedge large-
plan fins follows. ,

N ~7
[

B
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(a)e 5 Units -- B-29 Drops

Data from 3 units with late baro
indications are not included since it is be-
lieved that the abnormal action was caused by
the use of split-band gaskets of poor quality,
thus allowing leakage to occur in the bomb case.
Internal pressure is corrected for variation in
ambient pressure. Drops were made from 32,000

feet.
Av. Internal

: Pressure Lagging One Standard
Pressure Alt Pressure Alt by Max Spread Deviation

2000 ft 450 ft 900 ft t 386 ft

4000 ft 400 ft 900 ft ¥ 402 ft

6000 ft 350 ft 1050 ft + 306 ft

8000 ft 300 ft 1050 ft ¥ 434 ft
10,000 ft 250 ft 850 ft $ 365 ft

(b)e 8 Units -- B~-47 Trops

The drops were made from altitudes
of 35,000 and 40,000 feet. Release velocltiles
varled between approximate values of 400 and
540 mph true alr speed. Internal pressures
are corrected for varlations in ambient pres-

& sures.
= Av Internal
Pressure Leading One Standard
Pressure Alt Pressure Alt by Max Spread Deviation
- 2000 ft 200 ft 2000 ft £ 458 ft
4000 ft 250 ft 1750 ft 1 515 ft
6000 ft 350 ft 1650 ft + 531 ft
- - 8000 ft 500 ft 1600° f't 4 467 ft t
: 10,000 ft 600 ft 1500 ft ¥ 518 rt
- In general the pressure pickup data agree very well
wlth baro switch data as shown on page 71, The accuracy
of the system expressed in standard deviations with 1/2-inch
! ports as shown by pressure measurements is much better than

the accuracy as shown by baro switch operation, It is be-
lleved that the pressure measurements present a more accurate
plcture,

T
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Baro Switch Tests. -- SIA testsgo'z1 on BS-4 and BS=5
baro switches showed that the average varlatlion from closure
altitude at room temperature of the BS-4 was ¥50 feet, with
e maximum variation of :1l10 feet. The BS=5 did not perform
a8 well under the same con itions. Two fifths of the runs
gave a variation of over *100 feet. These variations ranged
from 1520 feet below to 590 feet above closure altitude.

The low-frequency vibration tests (10-60 cps, 10 g)
Indlcated that most chatter occurred in the plane parallel
to the longitudinal axes of the bellows for both the BS-4
and BS=-5 switches, The BS-4 started to chatter as much as
730 feet above the static setting; closure of the switch
occurred between 640 feet and 180 feet below the static
settings Chatter started on the BS-5 as high as 740 feet
above the static setting and closure occurred as much as 840
feet below the same settings,

The BS=4 baro switch closure altitude averaged 50 feet
higher and the BS-5 25 feet higher when dived at the rate of
1000 feet per second than when dived slowly.

The BS-4 and BS-5 closure altitude varies approximately
500 feet on the average in the temperaturs range of #120°F
to -65°F., In one test, however, it varied 4500 feet over
this range. The electrical arrangement of the six baro
switches tends to minimlze the effect of variation in alti-
tud® of closure for individual baro switches.

£
(¢)e Junction Box

The Junction Box used on the Mk IV Mod O bomb has suc=-
cessfully met all of its design requirementss A final pro-
duction model withstood constant amplitude vibration from
10-55 cps for 45 minutes in eech of the three mutually
perpendicular planes with maximum acceleration of 10 3.22
There were no mechanical fallures or electrical malfunctions,

Relay Network Tests. -« The hermetically sealed relay
network has undergone separate tests.2® The pull-in coil
voltage for various coils was found to vary from 15.4 to
17.1 volts, and the pull-out voltage from 5.8 to 7.3 voltse
Temperatures ranging from -60CF to +1490F did not affect
the hermetic seal or the operation of the networks It withe-
stood vibration from 10 to 200 cps at 10 g between 60 and

SR
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200 cps wlthout any contact chatter., However, the mounting
bracket for the relays showed evidence of "oil canning" at

158 to 179 cpss The bracket was accordingly redesigned and
another vibration test was conducted wiw.a excellent results.2%
After 1000 operations, using the X-Unit firing switch as a
load, the contacts of the relay network showed no appreciable
change in contact resistance.

Fuses and Fuse Holders. -- The fuses and fuse holders
contained in the Junction Box were vibrated at 10 g up to
300: cps without any evidence of damage to the fuse element
or diccontinulty between the fuse and its holder. Tests
were also made which prove that a monitor fuse which is in
series with an oPerational fuse of higher rating will be
the only one to "blow" if a direct short is placed on the
monitor line,25

Condensers, -=- The Junction Box also contains four
8-4£, 500~v condensers vhich are part of the Archie pulse
integrating circuit. These condensers have undergone testsZ6
which show that they maintain theilr capaclity within 1845
per cent over a 225CF temperature range; have low leakage;
withstand vibrations of 10 g between 60 and 250 cps; and
have a 500 per cent safety factor on voltage breakdown ratinge

Pull-Out Switches., -- The switches have been tested®7
under vibration (10 To 60 cps at constant amplitude with 10 g
atg55 cps, and 60 to 200 cps at constant acceleration of
107g) with no failures or contact chatter. Performance was
satlsfactory after the switches were expocsed with the con~-
tacts open for 8 hours at 120°F, 95 to 100 per cent RH, and
then exposed for two hours at =-65°F, 1In life tests of four
switches, one falled after 5129 operaticase The other three

were still operabls.

(d)s Batteries

Extensive tests have been conducted on the ER-12-10
battery to determine normal and emergency preparation pro-
cedure and limiting conditions of shelf life, temperature,
and vibration. '

The battery is normally prepared by filling with electro-

lyte and charging at a rate of 1,3 ampsres for 20 hours.
The shelf life is then rated conservatively at three weeks.

SE——
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At the end of this time, the life can be extended another
two weeks, if desired, by a booster charge of 1.3 amperes
for five hours.

In an emergency the batteries may be prepared by filling
with electrolyte and charging at a rate of 1,3 amperes for
4 hourse The shelf 1life is then rated conservatively at 1
week

Batterles charged four hours or more may be stored
without special precautions at any temperature betwsen =400
and +1200F, At the time of use the temperature of the
batteries must be maintained above =40°F. '

The battery box contains heaters of sufficient capacity.
to maintain the temperature of the batteries above 320F
when the surrounding temperature (inside the bomb) 1is -400F,28
Since the batteries operate satisfactorily with adequate
margin of safety at ~49F without heaters, it 1s expected
that they will operate satisfactorily with heaters at any
low temperature to which they may be exposed during tactical
operations. :

No special humidity control 1s necessary during storage
of the batteries.

The batteries are capable of withstanding vibration of
7 g at 10-55 cps for 45 minutes 1n any of the three mutually
pg;pendicular planes, :

(GQ. Pull-out Comnectors

In order to satisfy the requirements imposed by the
application of a pull=out connector to a gasket-sealed bomb,
a special type of connector was needed. A solution to the
problem was found in the Bendix Scintilla connector which
has a Neoprene-base insert. This connector withstands a
differential pressure of three atmospheres without notlceable
leakages. It 1s also capable of withstanding greater angles
of pull-out than connectors used on previous atomic bombs,.2

(f)s Fuzing and Firing Drop Tests
Thirty fuzing end firing drop tests of the Mk IV Mod O
bomb have been made to date. The results of these tests are

tabulated on page 82, This tabulation includes the altitude
above target and time after release a?:ffigh the following

occured: CLASSEFEED
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(1)s X-Arm (The firing circuilts are armed
by the clocks).,

(2o Archie Arm (The barcmetric arming of
the fuzing circuit causes the Archies to start
transmitting).

(3)s Second Archie Ring (The ringing of the
second Archie from the target triggers the firing
circuit).

(4)s Gap Fire (The X-Unit fires). _

There was no telemstered indication of operation of
one half of the X-Unit circult on ST-203. This could have
been caused by either a failure of cne half of the X-Unit
or by an Instrumentation failuree. —

=

T —

- A-arm, second Archie ring, and gap fire can be compared
di;ectly from the teble and will not be discussed further
he¥e, '

The nominal baro-switch setting for each unit is listed
in the table. The altitudes of baro-switch closure were
greater than the baro-switch setting for 5/8-inch and 1/2-
inch baro ports and in general less for 3/8~1nch ports since
the operating pressures were greater and less than ambilent,
respectively, For experimental reasons, no attempt was
made during these tests to adjust the baro switches to close
at the desired tszcticesl altitude. It 18 to be noted that
the internal pressure as read by pressure pickups agrees
fairly well with the baro~switch setting in all cases.

The altitude of baro-switch closure (Archie arm) is
sensitive to the size of the baro=port openings and appears
to be sensitive to fin type; the analysis was therefore
based on the segregation of the units into groups. The re-
sults follow,. :

e
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(1L)s The total indicated spread in alti-
tude at Archie arm for 5 units with DWLP fins
and 3/8-inch-dlameter baro ports 1s approximately
1030 feets The average altltude of closure is
approximately 3500 feet. The indicated accuracy
expressed as one standard deviation is £503 feot.,

(2)s The total indicated spread for 8 units
(4 with TFV/S fins and 4 with LPW fins) with 1/2-
inch~dlameter baro ports is approximately 2600
. feet. The zverage aititude of closure is approxi-
" mately 8370 feet: The indicated accuracy expressed
as one standard deviatlon 1s 1873 feet, It is
relt that the values are pessimistic since data-
were included for two fin types. For eixamyle,
the indicated spread for 4 uvnits with LPW fins 1s
epproxirately 12C0 feet and the average altitude
is approximately 8700 feet, whereas the spread
for 4 units with TFVS is gpproximately 1500
feet at an average altitude of approximaicly
8C00 feet, :

(3)s The total indicated spread in alti-
tude for 6 units with DWLP fins and 5/8-inch-
diameter baro ports 1s approximately 1160 feet. -
The average sltitude is approximetely 10,9C0
feets The indicated accuracy expressed as one

. Standard deviation is 1579 feet.
q :

£ The above results are based on data from all units of =
the types mentioned, excepting ST numbers 166, 168, 193,

202, 203, and 204,

In seven units, ST numbers 189, 199, 192, 193, 194, 195,
and 196, the operation of the fuzing a:d firing circults
was not dependent upon baro-switch closure. In these unilts
the fuzing circuits were permanently armed to ob'ain iInformg-
tlon of Archie ranging on the aircraft.: The. resulting tele-
metering setup gave Archie arm indications of such a small
magnltude that they were difficult to see, and the indlca-
tlon for ST-193 was not discsrnible. The lack of baro indi-
cation for this unit is belleved dus to instrumentation -
fallure. = _
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The altitude at which Archle arm occurred for ST-166
1s not applicable when determining total spread because
the deslccators were instelled in such a manner that addi-
tional throttling of the airflow occurred, It 1s belisved
that the data for ST-1%8 1s not applicavle for the same
reason,

Since 1t 1s believed that the late barc-switch operations
for ST nurbers 202, 2C3, and 204 were caused by lealkags
through the ocuter case resulting from the use of split-band
gaskets of 1mproper quallty, the data for thess units were
not used for determining accurscye. A study 1s being made
in an attempt to determine the actual cauwvse of the lute
operations, and recdesign and quality control stsps ars being
taken to ensure reliable gasket functioning,

me "
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Chart of Fuzing and Firing Drop Tests

of telemetering data)

(from prelininary reduction
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(G)s DETONATORS

(1). Functional Use and Design Requirements

PR, ey

(b)s It is mandatory that the electrical
connection to the detonator be reliable since
it can not be thoroughly checked after it is
madGe .

ff"n ""‘ s,

(c)s The manufacturing process must provide
for a rellable explosives-loading procedure in
which the omission of explosive components can
be readily detected by inspection. The importance
of this requirement is demonstrated by the fact
that there 1s evidence of two 1773 test failures

B resulting from the undetected omission of one
tetryl pellet.

(d). Since the installation of the detonator
may be a field operation, it 1is desirable that its

assembly to the sphere and its connectlion to the
electrical system be mechanically simple operations.
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(e)e It is important that the detonator
performance be reliable, even after long-term
storage.

(2). Tests, Calculations, and Discussion

Tests have proved that the 1E20 1s functionally satis-
factory and is extremely simple to connect and installe.
Some minor difficulties which were encountered in production
are being minimigzed by detail deslign improvements. When
the detonators are connected with reasonable care, chances
of a poor electrical connection are practically eliminated.

The advantages of the 1E20 over the 1773 are as follows:90
(1)s Convenient and safe connection to

cables leadling to increased probability of proper

functioning in operational use.

(2)e Convenient connection to tomb, lead-
ing to more rapid and more reliable boumb assemblye

(3)s Improved booster-to~explosives trans-
missione.

(4)e Simplified explosives train.

s e "

(5)e Increased corrosion protectione.

(6)s Better simultaneity performance by a
factor of 2.
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(3)s Comparison with Mk III Mod O FM

Mk IV Mk IITI Mod O3
—- Ttem (1E20 Detonator) (1773 Detonator)
R ) _ﬂ'.,.ouvi» - .;\'\
1Y
Convenlence of electrical T — ’::j__"”"
connection. (Affects '
reliability in fi-:14d), Excellent Poor
Convenience of Installa-
e —————— - !
‘ i
: >0
- —
Explosive traln Satisfactory. Marginals
Simplified in Omission of tetryl
comparison to Mk  pellet has caused
. ITI. frilurese.
Corrosion protection Uses piated brass Uses copper cap
- ‘ which is corrosion which corrodes.
resistant. Uses Aluminum~brass
no copper cape Jjoints corrode,
. necessitating re-
- Jection.
. Quality contrcl of Technique - ..Falr
. ‘ manufactured unit,. improvede.

#The Mk IIT Mod 1 FM uses the 1E20 detonator with the spring-
loaded attaching ring removed. With this exception, it is
the same detonator as that used on the Mk IV FM.
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(H)» HIGH-EXPLOSIVE CHARGE ASSEMBLY
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= Tor periods of exposur
HE may be stored at tempera
not exceeding two weeks,
to 120°F.

e not exceedi-g twelve hours, the
tures up to 1559F; for perlods

1t may be stored at temperatures up
Tt can be stored indefinitely below 100°F.
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(I). SYSTEMS RELIABILITY ANALYSISS! 0y
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—({b)e Probability of Premature Operaticn
< A possibility of premature operation exists from the
timé of bomb acsembiy until the time of desired detonation.
Menyg positive precautions are built into the bomb to prevent
firing up to the time of release., The probebility of pre-
mature operation during this period i1s mathematicsl 1y unpre-
dictable, but with qualified, trained personnel this probabllity
should approach zero. ' \*
Do
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=Tc). Probability of Malfuncition Due to Other Causes

Atmospheric Conditions. -- No mathematlcal values are
available t'or the prcbability of detrli:ntal effect due to
icing, but examin.tion of all information that has been
uncovered indicates the probability of detriment=l effect
is low unless heavy cing conditions are encountered. Ab-
normal and unpredictsble winds are frequently encountered
in cumulus cloud structure. These conditions could increase
the bomb dispersion over 1000 fest., Detonation in rain
clouds can result in sppreciable lcsses of blast efficiency.
At proesent 1t is impossible to reduce any of these conditions
to exact figures, but indications are that every effort
should be made to drop atomic bombs under favorable weather
conditions.,

Shell Bursis, -- Again no specific mathematical data
can be presented to evaluante the effect of sh«il burst on
the unit. There are two possivle effects on the unit from
shell burst: (1) actual physical damage to the electrical
circults or explosive elements, and (2} the effect on the
baro system due to either the result of transient pressure
waves or to leakage through flak holes. The 3/8-inch steel
case of the bomb offers some prctection from low-velocity
fragments, and the independent dual circuits reduce the
probability of single fragments knocking out the whole bomb.
It 1is considered that transient pressure waves could not
possibly be of sufficient magnitude or duration to affect
the baro systems. Flgk holes in the split band or rear case
tend to cause late baro operation.

GG
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(J). NUCLEAR COMNPONENTS

(1) Functicnal Use and Design Requirements

The purpose of the nuclear components 1s to release
rapldly a large quantity of energy through the fissioning of
a core of U-235 and/or Pu. The energy is released as a
result of the rapid rise of the neutror population in a
highly compressed sugpercritical system of fissionable material
. Surrounded by a nesutron reflector or tamver. Sircae the

'*“nergy felease which céuées the active materiagl and tamper
to exzpand and thus become a suberitical system.

The basic design which determines the size and arrange~
ment of the various nuclear components is the product of a
large number of calculations and experiments which consider,
among other things, the hydrcdynamics of the imploding
system, the neutron properties of the active material and
the temper, and the nuclear safety problems asacciated with
handling the fissionable material,

The engineering design must primarily consider (1) main-
tenance of syrmetry in the assembled nuclear system with a
minimum of cavitles, protuberances or other perturbations;
(2) fabrication problems associated with the rather uncommon
materials used: and (3) requirements for ease of insertion
and removal of the nuclear capsule.

(2)s Tests, Calculations, and Discussion
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(III). BOMB ASSEMBLY AND TEST EQUIFMENT

(A). Functional Use, Design Requirements,
and Discussion

The equipment required for handling, assembling, and
testing the Mk IV Mod O FM is divided into Types 1, 14, 2,
3, and 4 in such a manner that all necessary bomb operations
can be efficiently performed. Types 1 and 1A, 2, 3, and 4
have been given contracting names, ie, "kits," "lots,"
"groups," and "sets," respectively. '

(). Type 1 - Field Equipment - Kits. -- Type 1 equip-
ment is divided into kits which contain the tools and equip-
ment required by assembly teams for field assembly and field
testing of the bomb and minor maintenance of test equipment,

These kits are the following:
(a)e Cartridge Test Kit - 40A

The Cartridge Test Kit contains all test
equipment, tools and auxiliary equipment
required for the complete testing of the fuz~-
ing and firing components of the bomb, The -
major items in this kit are a Flight Test Box,
Delta Timer, Peak-Reading Voltmeter, Archie
Test Panel, Baro Switch Tester, Junction Box
Tester, Flight Circuit Tester, High Potential
Tester, Unit Tester, Meter Calibrator, and
Cartridge Dolly, *

—97-.
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(b). Battery Kit - 40C

The Battery Kit contains sufficient equip-
ment to prepare batteries for nine bombs pe. day
with one spare battery clamp for each bomb or
for twelve btombs per day without spares. If a
greater number of tvatteries is needed, additional
kits will be required.

(c)e Field Mechanical Kit - 40OF

This kit contains the necessary equipment to
enable two assembly operations to be carried oa
simultaneously. Major items in this kit are a
Portable Frame Assembly, Wishbone Trailer, Split-

- Band Dolly and Spreader, Vacuum Pump and Lift Cup,
Sphere Support, Portable Worik Table, and Detonator
Circuit Ohmmetere.

(d)e Test Equipment Repair Kit - 40Q

This kit contains tools and equipment
necessary for field repair and calibration of
test equipment.

(e). Nuclear Kit - 40S

The Nuclear Kit includes toolc and equip-
ment for monitoring the nuclear material and
for all nuclear work involved in the prepara-
giog for an insertion of the capsule into the

omb,

(2). Type 1A - Aircraft Test Equipment - Kits., -- Type
1A equipment is that which will be used in the field but will
be assigned to the flying organizations, either Air Force or

. - Navy, for the purpose of testing the strike aircraft. This
equipment is in Kit 40H, the Plane Test Kit., XKit 40H contains
one I'tight Test Box and two Flight Circuit Testers.

~ (8). Type 2 - Operational Equipment - Lots. -- Type 2
equipment is divided into lots which contain equipment of a
. special nature required for dispersal, transport, delivery,
N and testing during the delivery of atomic bombs. The lots

are as follows:

SR
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(a)s Iot 40 I

The contents of this lot have not yet been
definitely determined, but it will contain items
such as a dispersal cradle for suppecrting the
bemb prior to loading into the strike aircraft,
and a Flisht Test Box which is installed in the
strike aircraft for flight check of the bomb,

(b)e Ict 40 T

— . b @

!
C-
L

/

(4). Type 3 - Base Equipment - Groups, -- Type 3 equip-
ment is divided into groups which contain tcols and equipment
required at bases for major disassembly, lorg-term surveil-
lance, and major maintenance. Base equipment will not be
used fcr field assemblies. The various groups are the follow-
ing: Grecup K: Canning; Grovp R: Nuclear; Group U: Instra-
ment Repair; Group V: Electrical; and Group N: Mechanical.

(5). Type 4 - AFSWP Support - Sets. -- Type 4 equip=-
ment is divided into sets which contain items of support
equipment for the military field organization such as
material for shelter, power, disaster cleanup, and expendable
stock. It will be the responsibility of the using forces to
detgrmine and procure most of the items in these sets. The

) various sets are the following: Set J: Expendable Stock;
Set L: Heavy Tool; Set W: Disaster; Set X: Salvage; Set
Y: Building; and Set Z: Power.

»
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(B)e Comparison with Mk III Mod O Bomb

The following list shows the comparative number of
items required for assembly and testing. Owing to changes
in kit philosophy the number of items may change, but their
relationship will remain approximately the same,

Mk IV Mk III Mod O

Total Special Total Special
Items Items It cms Items

Mechanical Handling and
Assembly Equipment

Field Mechanical Kit 40F 79 25 115 36

Electrical Test Equipment

(a)s Cartridge Test Kit 404 82 21 179 34
(b)s Battery Kit 40C 28 2 48 7
¢)s Test Equipment Repair
Kit 40Q Same as Mk III Mod O
Nuclear Test and Assembly
Equipment
(a). Nuclear Field Kit 40S Same as Mk III Mod O
(b). Nuclear Flight Insertion
Equipment Lot 40T Not yet 4 Not used with
det ermined Mk III Mod O

Miscellaneous Equipment

)« Expendable Set J Little change from the kits
) - )« Heavy Tool Set L already established for the
Disaster Set W Mk III will be requireds

Salvage Set X
Building Set Y
Power Set 2

Booop
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(IV). SUMMARY

The Mk IV Mod O FM is an implosion-~type atomic bomb
based upon the same basic nuclear fission principles as
the Mk III FM. It incorporates an improved fuzing and
firing circuitry over that in the Mk ITI Mod O weapon and
the same basic circuitry as that in the Mk III Mod 1
weapoil, The bomb is re-engineered to provide for greater
ruggedness, greater dependability, easier field techniques,
and better ballistic performance than either of the Mk III

versions. -

The ballistic design is the result of over 100 full-
scale and haif-scale drop tests, including 29 &rops of the
final design in addition to wind tunnel and range-fired
20-mm model tests which showed good correlation to the drop
tests. Values of pitch and yaw for B-29 conditions are less
than 6 degrees maximum included anglie¢, and dispersions due
to the bomb itself are less than one fourth of those of the
Mk III FM,

The basic elements of the fuzing system (baro switches,
Archieg, and ciocks) have not been changed at this time, but
detalls of the Junction Box, including the relays and pulle-
out switches, have been redesigned and improved. The mount-
ing of all components has been improved itc minimize the
possibility of damage or malfunction. The firing set
(X-Unit ) has been completely re-engineersd for compactness
gnd ruggedness. All electronic equipme.is has been tested
in the laboratory and these tests have been supplemented by
30 functional drop testse.

Tpe Tield assembly and electrical checking operations
that will be required on the bomb have been minimized;

NG
O
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(2). By arranging for access to all electro-
nic equipment by remecval of the rear cover plate
and the electronic cartridge.

It is estimated that the field check on the ground can
be accomplished in less than two nours provided that the
detonators have been installed at the rezr base and that the
nuclear insertion is performed during flight. The nuclear
insertion is estimated to take approximately one half hour.
The times quoted ccmpare to a time of a. least e€ight hours
to accoimplish the 3ame assembly results on the Mk ITXI FM,

The pressure system used to actuate the barc switches
utilizes the interior of the unit as a manifold chamber,
Air is admitted through desiccators in the front where impact
pressure in flight overccmes the pressure drop through the
desiccators and provides an internal pressure approximately
equal to the external ambient pressurc. Study is still under
way toward making the most effective use of this pressure in
the over-all baro-switch system, despite its mechanical
gomplexities. Icing on the unit during flight has been
investigated and has resulted in some divided opinion. It
is believed that the probability of the occurrence of
detrimental icing is low unless heavy icing coxiitions are
encountered,

The number of openings through the case has been kept
to_a minimum, and gasket seals are provided at all necessary
points so that the unit is in itself a sealed container.

Only 58 pieces of special handling and test equipment
are required for field operations, as compared to the 80
bleces required for the Mk III Mod 0 bomb, excluding the
nuclear kits.
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(V). CONCLUSIONS AND RECOMMENDATIONS

It is concluded that the Mk IV Mod O FM implosion-type
atomic bomb is an improvement over its predecessors, the Mk
III Mod O FM and the Mk III Mod 1 FM, in the following
respects:

(1) It requires less time, fewer men, and
less auxiliary equipment in the field to prepare
the bomb for delivery.

(2). It adapts itself to safer delivery
tactics inasmuch as (a) the nuclear material
may be inserted after the strike aircraft is
airborne, and (b) high voltage is not present
in the firing circuit until the firing switch
is actuated (this is also true of the Mk III
Mod 1 FM),

(3). It contains many improved components
specifically designed or arranged to operate
and withstand storage under stringent environ-
mental conditions,

(4), It has improved ballistic stability
and accuracy.

On the basis of these conclusions it is recommended
(1). That this weapon be produced and
Stockpiled as a part of the national defense
- program;

(2). That it replace the Mk III weapons
now in stockpile:

-"103 -
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(3). That laboratory and field investi-
gations of all components be continued in an
effort to establish more firmly the reliability
and safety factors as well as the limiting en-
vironmental conditions of operability; and

(4). That a continued program of component
development be pursued for the purpose of inzor-
porating desirable mcdificetions into stockpile
weapons in the interest of military effectiveness.

»
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(VI). FUTURE PROGRAMS FOR THE UK IV FM

The report thus far has dealt with the description and
evalvation of the Mk IV Mod O FM weapon as it is going into
stockpile. Inasmuch as progress in the field of weapon
design is made a step at a time, it is planned to continue
a development program on this weapon to incorporate new com=-
ponent improvements and features now thought to be desirable.
These fall into two main groups, each of which may require a

Mod change of the bomb,

(A)e Lightweight Outer Case

j € 1n case design will sacrifice all
protection of the unit from low-velocity fragments, but the
weight saving will materially reduce te 2-off hazards and
permit an increase in aircraft range or speed. It will

probably bring about fairly radical changes in handling
techniques and equipment, This design program is now under

waye
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(B)e New Electronic Cartridge

The second program encompasses the redesign of the
electronic cartridge to provide a more reliable fuzing
system, Several radar fuze devices and a new baro switch
are under development at the present time. (It is planned
to incorporate selected ones of these individual components
. into a new cartridge.)

One feature of this new cartridge will be in-flight set-
ting of the fuzing system (specifically, of baro switches and
radar units).

New clock timers and new baro switches are being
developed to replace these present items in the Mk IV Mod O
should it be judged economically and tacticslly desirable
when the develcopment is complete. Work is in progress to
develop a lightweight and quickly detachable antenna nose=-
Plate and sphere trap door to facilitate in-flight nuclear
insertion. A rew plug-in type of delay line has been
developed for Archie. This modifiéation will reduce the
possibility of multiple gating, allow easier range modifi=-
cations, and provide a higher maximum rera: setting. It is
planned to replace the present Archies with the new unit,
pending laboratcry and drop tests.

Tpree‘other programs are being carried forward as
essential improvements to the Mk IV Mod O to be included when
the need for them is firmly established:

(1). Improvements to the present baro system.

0 (2). Improvements of the present split~-band
gasket,

(3)e Solutions to the problem of the
sticking of the HE trap-door
charges,
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