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1. The HIBAL Program was initiated in FY79 as part of the Amy/Navy Area

SAM Advanced Prototyping Program in NAVSEA 62R5 to develop and demonstrate
new fragmentation warhead technology for defeat of bomber aircraft. The
program is being conducted by the New Mexico Institute of Mining & Technology
with technical support from NSWC and NWC/CL. The primary emphasis has been
on obtainiag fuel ingestion kills by penetrating through the large bomber ;
fuel tanks with a relatively large fragment having good hydrodynamic penetra- b
tion capability. This same fragment design has also been shown to yield
improved capability against aircraft engines and on-board ordnance. The
enhancement in end-game effectiveness has been found to produce not only |
higher probability-of-kill (Pyx) but also a redundancy of killed components i
which should yield reduced susceptibility of Py to future changes in target !
descriptions and vulnerability models. Development of this technology is
nearing completion with the final Prototype Demonstrations scheduled for
early Fy8l.

SN N

2. In the course of this program, a considerable amount of warhead technology !
has been develoved in the areas of liquid penetration, fuel dump capability and ;
fragmentation control. A series of four reports is planned to document this
technology to ensure maximum utilization of this data. These reports will

include: ;

a. PFPragment Drag through lLiquids

b. Vulnerability Modeling Procedures for Fuel Cells
¢. Preliminary Warhead Design

4. End Game Analyses

In addition, a separate report will be published documenting the Prototype
Demonstration firings against running engines as well as a final report |
summarizing all work under this program.
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3. Enclosures (1) and (2), Preliminary Warhead Design, are the first published
in this series of reports. This report documents the application of the HIBAL
fragment designs to four warhead configurations from 80 to 200 1b using both
controlled fragmentation, with an opposed grooving technique, and preformed
hexagonal fragments. Full scale warhead test results verify the ability to
predict warhcad performance and establish guidelines to successfully obtain
good fireformed HIBAL fragments. These tests have also formed the basis for
defining warhead characterizations for each of the HIBAL configurations.

An additional 135 1b warhead and 200 1lb annular warhead are currently being
tested to verify the new fragmentation control guidelines. These tests will
be reported separately.

4. The four HIBAL configurations were selected to be compatible with current
and projected missile systems. These designs represent Advanced Development
Concepts. Application of the HIBAL technology to a specific missile system
warhead design will require more extensive design tradeoffs in a number of
areas including threat spectrum weighting, encounter conditions, warhead size,
warhead shape, length-to-diameter ratio, and structural design.
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1.0 INTRODUCTION

.1 BACKGROUND

his report presents the results of tests done under the Preli-
minary-Wa. iead-Desian Task of the HIBAL Program. In this preliminary
testing stage, basic engineering data were collected on the perfomiance
of various HIBAL-fragments, and various HIBAL-warheads. The results
obtained from these tests will be used to provide warhead models for the
2nd phase of the HIBAL end-game-analysis effort. The warhcads showing
the qreatest lethaiity (highest Pk) in the analysis will be selected for
the desian and fabrication of a set of prototype warheads for use in
demonstration firings scheduled for the fall of 1980.

B
s
B

(:i*he first year's effort in HIBAL consisted of a survey of aero- ’
space contractors to identify potential HIBAL applications, creation of '3
a HIBAL-fragment vulnerability-data-base, and a preliminary end-game
analysis comparing numerous HIBAL "paper" designs. his effort resulted
in a set of guidelines for the preliminary warheadl designs that are
discussed below.

e —
NI

1.2 GENERAL MESIGN-GUINELINES - ——

Warhead Sizes: The aerospace-contractor survey defined four base-
line HIRAL-warhead sizes; 1) 8-inch 0.D., 80-1b, 2) 11-1/2- inch
0.D., 135-1b, 3) 11-1/2-inch 0.D., 200-1b, and 4) 19-inch 0.D.,
10-1/2-inch 1.D., 200-1b. Designs 1, 2, and 3 are solid
cylinders, while design 4 is an annulus with a 10-1/2~inch 1.D.
The various shrouds associated with the missiles were also
identified in the survey. (NOTE: Shrouds can effect both fragment
velocity and quality and thus need to be included in warhead
characterization tests,)

Fragment Sizes: The HIBAL vulnerability/lethality testing was
done with 700-, 1200- and 2000-grain HIBAL-fragments, and the
"paper" designs for the first phase HIBAL end-game analysis in-
cluded these three fragment sizes. The end-game analysis resulted
in the 700-grain fragment being selected as the best choice of the
above three sizes. At the January, 1980 HIBAL program review
meeting it was decided to acquire data for 500- and 900-grain
fragments, as well as for 700-grain fraguents, to enable the
second phase analysis to detennine the sensitivity of P to a ,
choice of fragments over the range of 500- to 900-graink, i

Fragment Ejection Velocities: Because the first-phase end-game t
analysis had determined that 5000- to 6000-ft/sec (static) ejection i
velocity was sufficient for the encounter conditions that werc i
studied, 5000-ft/sec to 5500-f%/sec was set as the guideline for the f
preliminary warhead designs, It should be noted that the targets

PAGE 1 '




were heavily weighted towards manned aircraft, not cruise missiles.
If the cruise missiles were heavily weighted, the ejection-velocity
requirements would go up.

Fragment Shapes: The design choice was to use the maximum

warhead-case-thicknesses consistent with the above ejection-
velocity guidelines, because thick cases can generate “chunky"
frugments that are shaped best to survive target impacts and to
penetrate fuel.

Fragment Alloys: It was detemmined in the vulnerability testing

that mild-steel fragments deform at anticipated warhead shroud and
target impact conditions, and that properly heat-treated, alloy-
steel fragments would better survive these impacts as demonstrated

in the tests reported in Appendix 2. The preliminary warhead designs
all utilized alloy steels, as discussed in the "results" section.

Warhead Style: Two separate warhead-styles were included in the
preliminary designs. The first style used pre-formed, hexagonal,
HIBAL fragments laid inside an outer skin. The second style used

a solid case, scored inside and out with "opposed-grooves’ to pro-~
duce "fireformed fragments" of a controlled shape and size, The
preformed fragments have adequate fuel cell penetration capability,
as demonstrated in liquid drag tests. The solid-case design
associated with the fireformed fragments has some potential advan-
tages. For example, the elimination of a need for inner and outer
skins associated with preformed fragment cases permits fireformed
fragments to be thicker, therefore to have smaller surface dimensions
to give the same weight fragment, thus providing a more compact
fragment and a better fuel penetrator. Opposed grooves were used
because existing Pearson-type grooving technology or liner technology
does not produce fragments that have good drag characteristics due
to the fragments shape and roughness. Opposed grooves showed feasi-
bility for achieving fireformed fragments having acceptable drag
characteristics. At this point in HIBAL, both styles are considered
to be design candidates.

Preliminary Designs: The design guidelines recommended after the
January 1980 HIBAL Program Review resulted in four warhead configur-
ations being defined for full-scale characterization and engineer-
ing tests:

A. Solid 80-1b with 500-grain (fireformed) and 700-grain
(pre- and fireformed) fragments.

B. Solid 135-1b with 700-grain (pre- and fireformed) and
900-grain (fireformed) fragments.

C. Solid 200-1b with 700-grain (pre- and fireformed) and
900-grain (fireformed) fragments.

0. Annular 200-1b with 700-grain (pre- and fireformed) and
900-grain (fireformed) fragments.

v T et
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The devices actually designed and tested differed somewhat from the
above recommendations in that all three fragment sizes (500-, 700- and
900-grain) were included in all four warhead sizes. This was possible
because of the large amount of data surface available in all the warhead |
sizes, and was deemed desirable because it would provide models of all
three fragment sizes for each of the four warheads in the second-phase
end-game analysis.

1
1
1
l
l

. The basic objectives of the test program included:

1.3 OBJECTIVES e

|
[ 1
1. Generation of data on fragment polar ejection-angles, B
velocities, shapes, and weights for each of the preliminary
warhead designs. i

2. Utilization of the generated data to: }7
b

A. Recommend any warhead design alterations which may be re- Vo
quired (for example, if a particular shroud configuration 4
shattered the fragments, a design alteration would be [i
required).

B. Formulate warhead characterization models to be used .
in the second phase end game analysis. c

1.4  APPROACH 5
1.4.1 WARHEAD DESIGNS

1.4.1.1  PREFORMED FRAGMENT WARHEADS

Warhead case thickness and length dimensions for the various warhead
diameter choices were guided by the weight Timitations and by the velocity
constraints imposed, using the prediction methodology presented in Appendix
3. Only an outside skin was used, with hoops provided at each end to pro-
vide rigidity. The inside skin that would be required in a final warhead
design was not considered necessary at this level of the testing effort,
because the structural strength was not needed, and the effect of the thin
skin (0.010-inch thick) on performance was deemed negligible. The fragments
were arranged on the inside of the skin and potted in laminac. Hand-packed
C-4 explosive was used in all the tests.

PAGE 3
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1.4.1.2 FIREFORMED FRAGMENT WARHEADS

Warhead case thickness and length dimensions for the various warhead
diameter choices were guided by the weight limitations and by the velocity
constraints imposed, using the prediction methodology presented in Appendix
IIT. The approach used to design the opposed-grooves was to use the
shal lowest grooves which would fireform fragments of the desired shape and
weight, Shallow grooves would leave the warhead case strongest, would
remove the least metal and would permit faster and easier fabrication of
the warhead case. Hand-packed C-4 explosive was used in all the tests.

See section 2.1.1 for definitions of the terms used in discussing fire-
formed warheads, and also see Figure 1.

1.4.2 TESTING

Witness sheets were used to record fragment hit locations for the
measurement of polar ejection angles and to measure fragment velocities
using high-speed cameras. Celotex was used to recover fragments so as to
measuredfragment weights and to provide a record of the fragment shapes
attained.

Prior to testing the first fireformed warhead a series of mat tests
were made to generate some design data for the opposed groove technique.
The mat tests were much cheaper and faster than tests of full scale
warheads would have been, The design of the first warhead was based on
the results of these mat tests.

2.0 RESULTS

2.1  DETAILED WARHEAD TEST RESULTS

2.1.1  SUMMARY OF WARHEAD TEST CONDITIONS, EXPLANATION OF PAGE NUMBERING
SYSTEM, AND DEFINITIONS OF TERMS USED IN RESULTS

Table 2.1.1, presents a summary of the physical characteristics of
the warheads in each of the tests. The tests are presented in chronolo-
gical order, which is the sequence shown in Table 2.1.1. The page numbers
and figure numbers used in this section are tied to the NMT test number.
For example, the first test conducted in the series was NMT test number
ONO225A0. Therefore the page numbers and figure numbers associated with
this test are prefaced by 225- (i.e., 225-1, 225-2, etc.). The follow-
ing pages and figures are numbered similarly.

PAGE 4
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Definitions of certain tems used in the discussion of the designs
of fireformed warheads are presented below. Refer to Figure 1.

Grooves parallel to the warhead axis.

¢. Circumferential Grooves

Grooves perpendicular to the warhead axis.

3. Inside Grooves

Grooves on the inside of the warhead case.

4., OQutside Grooves

Grooves on the outside of the warhead case.

¢ I 1. Longitudinal Grooves I

5. Groove Angle

Interior (apex) angle of the groove.

6. Longitudinal-Groove Spacing | 4

Circumferential distance between the longitudinal grooves.

7. Circumferential-Groove Spacing

Longitudinal distance between the circumferential grooves.

8. Metal Remaining Between Grooves

The thickness of metal remaining between the apexes of the
inside and outside, opposed grooves.

In all tests, the warhead case was of heat treated alloy, and
Table 2.1.2 summarizes the heat-treatment procedures.

Appendix I11 presents the methodology used to predict fragment
ejection velocities and polar angles.

|
!
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TABLE 2.1.2
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SUMMARY OF HEAT TREATMENT PROCEDURES
USED IN EACH OF THE WARHEAD TESTS

PAGE 6
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TEST WARHEAD HEAT TREATMENT PROCEDURE MEASURED ]
NO. CASE RC
MATERIAL HARDNESS
QN0225A0 4130 Quenched from 1575 degrees in 43
water, tempered at 800 degrees
QNO311A0 4140 Quenched from 1550 degrees in 40-42
oil, tempered at 800 degrees
QN0319A0 4130 Quenched from 1575 degrees in 42
water, tempered at 800 degrees
QNO328A0 4140 Quenched from 1550 degrees in 37-42
oil, tempered at 800 degrees
QNO409A0 4130 Quenched from 1575 degrees in 42
oil, tempered at 800 degrees
QN0429A0 4140 Quenched from 1550 degrees in 37-42
(Fireformed) 0il, tempered at 800 degrees
4130 Quenched from 1575 degrees 1in 44-47
(Preformed) 0il, tempered at 800 degrees
QNO514A0 §$SS-100 Quenched from 1650 degrees in 42
(Fireformed) 0il, tempered at 800 degrees
HY-80 Quenched from 1640 degrees in 40-43
(Fireformed) 0il, tempered at 800 degrees
4130 Quenched from 1575 degrees in 40-42
(Preformed) 0il, tempered at 800 degrees
NOTE: A1l temperatures refer to the Fahrenheit scale.
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DETAILS OF WARHEAD TEST DEVICES, ARENAS, i
AND RESULTS k




TEST QNO225A0
8-1INCH, 80-LB, FIREFORMED-FRAGMENT WARHEAD
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2.1,2 TEST 1, QNO225A0

2.1.2.1 DESIGN SUMMARY AND RATIONALE

The basic design characteristics of the warhead (Figure 225-1) fired
in Test 1 were:

QUTSIDE DIAMETER: 8-inch

INSIDE DIAMETER: 2-inch

LENGTH: 15-inch

CASE THICKNESS: 0.438-inch

CASE MATERIAL: SAE 4130 (RC-42)

FRAGMENT TYPE: FIREFORMED
WARHEAD WEIGHT: 80-1b
SHROUD: 0.050-inch titanium, with l-inch

urethane foam insulation

The 2-inch inside diameter was used because it is a typical cavity-
size (for safe-and-arm requirements) in warheads of this size-range.
The case thickness and length combination was designed to provide frag-
ment velocities between 5000 and 5500-ft/sec (after passing through the
missile shroud) and, also, to maintain the 80-1b weight limitation. SAE
4130 alloy was used for the fragment case based on the design guidelines
generated by the results of the mat tests (presented in Appendix-1).
The shroud design, Figure 225-2, was based on information provided by
missile manufacturers,

The fragment case was grooved circumferentially to provide for 15
rows of equal-length fragments, each 0.933 -inch long (i.e. 0.933-inch
spacing between grooves). The spacing between longitudinal grooves was
varied to determine if the spacing significantly affected fragment qual-
ity. The spacings tested were 0.75-, 0.875-, 1.0- and 1.25-inch. (NOTt:
The weight of the fragments, if ejected with no loss of weight during the
fireforming process, would be 550-, 640-, 740- and 840-grains, for the
respective spacings. These weights were designed to be on the heavy side
with the expectation that fireforming losses would bring the fragments
down to their appropriate nominal weights.

The interior angle of all the grooves in this warhead (and all the
following warheads) was 37°. This angle was used because the attempt to
machine smaller angles resulted in excessive shaper-tool breakage (and
in significantly increased fabrication time).

From the mat firings (Appendix 1) for this warhead case-thickness,
the depth of the longitudinal grooves should be about 0.095-inch deep
(inside and outside, or a total depth of 0.19-inch) and, near the booster-
end, the depths of the circumferential grooves should be 0.095-inch
(inside and outside, or a total depth of 0.19-inch) and, near the non-
booster-end 0.130-inch (inside and outside, or a total depth of 0.26-inch).
Variations around the above groove depths were made in this test device,
to increase the likelihood of encompassing groove depths that would pro-
duce good results.
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The longitudinal groove depths were:

METAL REMAINING &

INSIDE GROOVE OUTSIDE GROOVE BETWEEN GROOVES "

DEPTH (inch) DEPTH (inch) (inch) ;
0.090 0.060 0.285
0.090 0.090 0.258
0.100. 0.080 0.258
0.110 0.080 0.248

0.100 0.100 0.238 )

0.110 0.110 0.218 3

0.120 0.120 0.198 :

E

The circumferential grooves were of variable depth around the cir-
cumference of the warhead but, at a given circumferential location, the
inside-groove depth equalled the outside-groove depth,

o
LA Yo

E
MAXIMUM MINIMUM
METAL METAL
REMAINING REMAINING
MINIMUM BETWEEN MAXIMUM BETWEEN
GROOVE GROOVE DEPTH GROOQVES GROOVE DEPTH GROOVES
NUMBER (inch) (inch) (inch) {inch)
1, 2, 3, 4, 0.080 0.278 0.125 0.188
(booster end)
5, 6, 7, 8 0.090 0.258 0.135 0.168
9, 10, 11, 12 0.100 0,238 0.145 0.148
13, 14, 15, 16 0.110 0.218 0.155 0.128

Note (in Figure 225-1) that the location of deepest longitudinal grooves
corresponded (approximately) to the location of the deepest circumferen-
tial grooves, and the location of the shallowest longitudinal grooves
corresponded to the location of the shallowest circunferential grooves.

2,1.2,2 DESCRIPTION OF TEST OBJECTIVES AND TEST ARENA

The objectives of this test included recovering a sample of fragments
from each opposed-groove design-choice, and characterizing
the warhead fragment-pattern in terms of fragment polar-ejection angle
and of fragment velocity. Celotex was used to recover the fragments, and
steel witness sheets were used to record fragment pattern and as flash
screens for velocity measurements. A plan view of the test arena is shown
in Figure 225-7, and photographs of the arena are shown in Figures 225-12
and 225-13,
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2.1.2.3 DESCRIPTION OF TEST RESULTS

A, Fragment OQuality ' ’

Judgement of the success or failure of each opposed-groove design
is based on two factors, the shape of the fragment and the weight of the
fragment. The shape of the fragment is important because, if not correct, ‘
fragment individual weights vary and fragment survivability during im, act '
with the target is decreased,.

1. Longitudinai Grooves

S T e T
an o n L kao I~

The quality of the fragment breakout along the longitudinal grooves
is given in relative terms, in the table below. The term "borrowed" means
that the fragments did not breakout properly, some fragments having some
of the steel attached to them that should have remained with neighboring
fragments,

INSINDE | OUTSIDE METAL REMAINING

DEPTH NEPTH BETWEEN GROOVES* BREAKOUT QUALITY
(inch) | (inch) (inch) 5
0.090 0.060 0.288 Poor - all fragments "borrowed"

!
0.090 0.090 0.258 Poor - almost all fragments "borrowed" t
0.100 0.080 0.258 Poor - almost all fragments "borrowed" .
0.110 0.080 0.248 Fair - 50% of fragments "borrowed" y
0.100 0.100 0.238 Good - 20% of fragments "borrowed" !
0.110 0.110 0.218 Very Good - 10% of fragments "borrowed"
0.120 0.120 0.198 Excellent - no fragment borrowing

Fragments of the desired quality are illustrated in Figure 225-4, and the
poorest-quality fragments are illustrated in Figure 225-5.

* The metal remaining between groove apexes was not shown to be a :
significant parameter until much of the test program was conpleted, j
Results are presented in termms of this parameter, to explain why certain :
groove designs work, and others do not.
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2. Circumferential Grooves

The fragment breakout along the circumferential grooves was excellont,
except for two minor faults. These were, (1) occasional! fragment doubles cor b
lengthwise pairings occurred (Figure 225-5) and, (2) when the intcrnal
circumferential aqrooves exceeded 0.120-inch depth (Figure 225-6), the non- ¢
booster-eid inside corners of the fragment broke off. i

CIRCUMSTANCES WHERE FRAGMENT DOUBLES OCCURRED

METAL RLTATHING
FRAGMENT FRAGMENT | INSIDE GROOVE | OUTSIDE GROOVE | BETWEEN GROOVLS*

ROM DOURLES DEPTH (inch) | DEPTH (inch) (inch)
1, 2 NONE | emeem | e e :
3, 4 YES 0.118 0.118 0.202 y
5, 6, 7, 8 YES 0.113 0.113 0.212 '
9, 10, 11, 12 YES 0.100 0.110 0.238
13, 14, 15, 16 { NONE |  ~=em= |  emeem | aeees

Fragment weights are presented in two tables for each longitudinal groove
spacing, one which lists the fragments which could be identified by row
origin, and one which lists all recovered fragments. The tables are
located on pages 225-20 through 225-25.

B. Fragment Pattern and Velocity

Fragment patterns from the witness sheets are plotted in Figures
225-8 and 225-9. Photos of the witness sheets appear in Figures 225-14
and 225-15. Coordinates of the fragment hit-locations are presented in
Fiqure 225-10. The fragment velocity and polar-ejection-angle charac-
terization are summarized in Figure 225-11.

-
i~

€. Conclusions

There is no need for further 8-inch diameter, 80-1b, firefonued
varhead tests. The recovered fragment shapes and weights were satisfactory,
and the pattern and velocity data were adequate to fonmwulate warhead char-
acterization models for the second phase end-game analysis.
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TEST: QNO225A0

WARHEAD COMPONENTS PRIOR TO ASSEMBLY AND LOADING |
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ILLUSTRATION SHOWING THE FRACTURE WHICH OCCURRED WHEN THE
INSIDE CIRCUMFERENTIAL GROOVES EXCEEDED 0,120" GEPTH

EXAINPLE FRAGMENTS FROM TEST QNO225A0

|

A
EXPLOSIVE
SWEEP
DIRECTION
4 FRACTURE LINE

INSIDE CASE
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TEST GNO225A0

COORDINATES* OF FRAGMENT HIT LOCATIONS (INCHES) ON THE
WITNESS SHEETS AT 15-FT RADIUS

o

e e e g —
L miba kb e e

RREEFE Y

. v ey - Ao -
AL al?

e - e
Lo e L

FRAGMENT WITNESS SHEET WITNESS SHEET
ROW W wo
NUMBER COLUMN 1 COLUMN 2 COLUMN 1 COLUMN 2
HORTZ.J VERT. | HORIZ, [VERT, || HORI1Z.] VERT. | HORIZ.] VERT.
1 59 | +28 - - 43 | +22 - -
2 35 | +15 63 -6 46 | +21 - -
3 30 | -5 63 - 6 39 | -7+ - -
4 26 | - 8**| 68 -7 39 | - 6% - -
5 26 | -~ 9**| 59 -15 35 | -16 72 | -16
6 29 | -13 55 -21 32 | -19 67 | -23
7 25 | -21 54 -23 30 | -22 | 60 | -24
8 20 | -22 55 -28 28 | -25 63 | -26
9 20 | -26 48 -24 26 | -27 60 | -28
10 17 | -27 | 49 -26 22 | -28 58 | -30
11 13 | -29 | 48 -31 21 | -30 54 | -31
12 12 | -33 | 49 -33 16 | -31 52 | -33
13 10 | -33 42 -31 15 | -33 50 | -32
14 9 | -33 | a1 | -35 10 | -32 | 49 | -3
15 6 | -37 34 -31 6 | -31 43 | -28

*&

Vertical measurements are measured from the top of the warhead

aimline; horizontal measurements are measured from the left hand

side of the witness sheet as viewed from the fragment exit side.

Fragments paired together.
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AVERAGE PGLAR
VELOCITY EJECTION »
(0-15 FT) ANGLE o g
FT/SEC (DEGREES)
» 4500 48.5° ;
/ '4
—» 4300 +4.1° f
2 r"f —
3 == —— 4800 -1.0°
4 -
—$ 5300 -1.9°
5 ——
—p 5300 -3.6°

6 —
R\_’ 200 "

~— 5300 -5.0°

8 \’
- 5300 -5.6°
9 ‘\\* 5-6
5500 -5.6°
5500 -5.8°
5500 -6.3°
13 | — 5500 ‘6.70
14 _\’ 5300 -6.3
——— 5300 -6.2°

15 1
\ 5300 _5.60 :

FRAGMENT VELOCITY AND POLAR ANGLE CHARACTERIZATION FOR AN
&” 0.D., 80-LB, FIRE-FORMED HIBAL WARHEAD,
BASED ON DATA FROM TEST QN0D225A0
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TEST: QN0225A0
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2.1.3 TEST 2, QNO311A0

2.1.3.1 DESIGN SUMMARY AND RATIONALE

The '13sic design characteristics of the warhead (Figure 311-1) in
this test were:

QUTSIDE DIAMETER: 11.5-inch
INSIDE DIAMETER:  2.875-inch

LENGTH: 14,0-inch

CASE THICKMESS: 0.5-1inch

CASE MATERIAL: SAE 4140, (RC40-42)

FRAGMENT TYPE: Fireformed

WEIGHT: 135-1b

SHROUD: Double walled steel, 0.020-inch inside,

0.030-inch steel outside, with 1-inch
urethane foam between warhead and shroud

The 2.875-inch-inside diameter is a typical cavity size for safe-
and-am devices in warheads of this size. The length and case-thickness
combination was designed to provide for fragment velocities between 5000-
and 5500-ft/sec, after passing through the missile shroud. SAE 4140 case-
material was used because the design-choice of SAE 4130 tubing could not
be found in this size. The warhead was designed to generate 15 rows of
equal-length fragments (0.867-inch long). The ends of the warhead were
tapered to reduce end effects on fragment pattern and velocity. Three
choices of spacing between the longitudinal grooves were tested (0.75-,
0.906-, and 1.188-inch inside-spacing). The theoretical weights of these
fragments (after grooving but with no loss due to fire-forming) are about
630~-, 780-, and 1010-grains, respectively. The amount of weight in
excess of the nominal values of 500, 700, was expected to be lost duriny
firing.

The first test, QN0225A0 was a success in that excellent quality
fragments wvere generated. In this following test, however, the warhead
case was thicker (0,5-inch vs 0.438-inch). There were several design
approaches which were possible for the opposed grooves, Proper fireforming
of fragments could be dependent on:

1. The .epths of the inside and outside grooves (or sum
of the depths).

2. The ratio of the depths of the grooves to the case
thickness.,

3. The thickness of the metal remaining between the apexes
of the opposed grooves.

For this test, the decision was made to use approaches 1 and 2.
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A. Llongitudinal Grooves

Opposed groove designs having depths of 0.100, 0.110, and 0.120-inch
(inside and outside} worked well in the previous test, so these designs
were repeated. In the event that the case thickness increase from
0.438-inch to 0.5-inch is significant, groove depths of 0.130-inch (inside
and outside) will be tested, which is approximately in th2 sane ratio of
groove depth to case thickness as the 0.120-inch grooves in the previous
test. One relatively shallow opposed groove design (0.100-inch deep inside,

N80-inch outside) was also tested to provide for the event that shallower
grooves might be either required or sufficient. The longitudinal groove
desians are summarized in the table below,

METAL REMATNING ?

INSIDE GROOVE OUTSIDE GROOVE BETWEEN GRCUVLS ;

NPEPTH (inch) DEPTH (inch) (inch) f

0.100 0.080 0.320 ;
0.100 0.100 0.300
0.100 0.110 . 0.280

0.120 0.120 0.260 '
0.130 0.130 0.240

B. Circumferential Grooves

The fragments from the rows nearest the booster end which were deeied i
"best" in test 0NO225A0 resulted from opposed groove depths of 0,100 to
0.110-inch deep. The average value of these depths was increased by the
ratio of 0.5-inch case thickness to 0.438-inch case thickness for this j

test (i.e. 0.105" x - 0438 0.120"). The depths of the four grooves
nearést the booster end were then varied *0.020-inch about this value.

The same procedure was followed for the remaining (non-booster end)
grooves: The "best" non-booster end fragments from 225 were generated !

fraon groove depths of 0.123 to 0.133-inch, thus, 0.128 x ﬁgngg = 0.146-1inch, 1

Groove depths were then varied from 0.130 to 0.160-inch. The groove designs
are summarized in the table below.
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P

P

The circumferential grooves are numbered sequentially, starting with
the groove nearest the booster end.

MAXTHUM MINIMUM
METAL METAL
REMAINING REMAINING
MINIMUM BETWEEN MAXTHUM BETWEEH
GROOVE GROOVE DEPTH | GROOVES GROOVE DEPTH GROOVES
NUMRER {inch) (inch) {inch) (inch)
1 0.160 0.180 0.160 0.180
2 through 5 0.100 0.300 0.140 0.220
6 through 15 0.130 0.240 0.160 0.180
16 0.160 0.180 0.160 0.180

2.1.3.2 DESCRIPTION OF TEST OBJECTIVES AND TEST ARENA

The obhjective of the test was to recover a sample of each groove-
design choice, and to measure fragment ejection angles and fragment
velocities, The test arena (Figure 311-7) consisted of seven celotex
packs and six steel witness sheets. Photographs of the test arena are
presented in Figures 311-11 and 311-12. Fastax cameras were used Lo
measure fragment velocities,

2,1.3.3 DESCRIPTION OF TEST RESULTS

A. Fragment Quality

1. Longitudinal Grooving

The longitudinal-groove breakout-quality was a function of the metai
remaining between the apexes of the opposed grooves.* ‘hen the metal
ranaining was 0.240-inch, the desired fragment quality was achieved
(Figure 311-3). For metal remaining values hetween 0.240-inch and 0,2060-
inch, borrowing occurred (Figure 311-4); for mectal thicknesses greater
than 0.280-inch, partials occurred (Figure 311-5).

2. Circumferential Grooving

No fragment doubles occurred for fragment rows 1 and 2. Fragment
doubles were recovered for rows 3, 4, and 5 where the metal remaining
between apexes of the grooves was 0.240-inch or more. Fragment doubles
occurred for all choices of circumferential groove depth for frayment
rows 6 through 15,

* The designers did not recognize this until much later in the
proqram.
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R. Fragment Velocity and Pattern

Recause of the lengthwise pairing of fragments, the fragment polar-
ejection-angles for this test are suspect. The coordinates of all the
fragment hits are presented in Figure 311-8 and 311-9, with an estimate
as to which fragments were paired.

The Fastax films yielded good time-of-arrival data, and fragment
velocities are presented in Figure 311-10. Photographs of the witness
sheets are presented in Figures 311-12 through 311-15.

C, CONCLUSIONS

1. The warhead design will have to be altered to achieve proper
case breakout and achieve the desired fragment sizes and shapes.

2. The "best" fragments resulted for the following opposed groove
designs:

LONGITUDINAL GROQVES: 0.100~inch deep (inside and out) for
rows 2 through 7.
0.130-inch deep (inside and out) for

rows 8 through 15.

CIRCUMFERENTIAL GROOVES: 0.130-inch deep {inside and outside)
for rows 2 through 5.
0.158-inch deep (inside and outside)
for rows 6 through 15.
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3/4* GROOVE SPACING CINSINEY

.100 GROOVE Dt PIH ~ GROOVE SPACING g
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COPPER  \ - ]
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« GROOVE SPACIMNG
?{gO'GBROOVE NEPTH
CINSIDE & OUI

29/32" GROOVE _ .
SPACING (1KS13E) ;
.100" GROQVE LEPTH (INSIDE)
"080* GROOVE DEPTH (OUISIDE)

SN "

. . . } ‘

. A -
. E

~ GROOVE SPACING (INSIDE)
29/32" B8 CRODVE TEPTH
UNSIDE & OUT)
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SECTION B-B
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L3 ]

» GROOVE SPACING
’ ?{;o-cenoovc DEPTH
CINSIDE & OUT)

BT RY N o e
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15 GROOVE SPACING

NSIDE)
.106" GROOVE DEPTH

CINSIDE £ OUD)

PINS SCREWS
DETAIL (0P & BOTTCHM) 4 i 1,/”’ — !
;;- . CIITIIIT - S st ! :
/8’ = .160" GPOOVE i
e « DEPTH (3607)
,160° GROOVE ‘
BEPTH (350°) \
MAXTMUM MIN MU
GROOVE DEPTH |- GrROOVE DiPiH |
= .140° = 110" :
NOTES:
1. ALL GROOVES HAD
37° INJERIOR ANGLE.
2. WARHEAD OFFSET .015* :
11 LATHE 10 VARY |
gl ity o -
GROOVES EXCEPT THE v _j
END GROOVES.
3. WARNEAD FRAGMENT CASE B B 14.0°
PATERIAL = SAE 4140
St et .
DRAN: AT 800° FOR MINIEUN
HOURS M MAX 1MUM - GROOVE GEPTH
2, HOURS MEASIRED GROOVE DEPTH ~ . .130
42, = 160"
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] T Lot AN DEPTH (360%)
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.- SCRENS -—-/ .
172" o h— 278,
3 I
- I 11-1/22 . !
3 11-1/2" 0.D., 135-LB FIRE-FORMED HIBAL WARHEAD ‘
TEST GNO311A0 y
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14" 0.D., x .020" STEEL 1" URETHANE FOAM

18" 0.D. x .030" STEE

15“

I
- /
e

SHROUD FOR 11-1/2" 0.D., 135-LB WARHEAD
TEST QNO311A0
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QNO311A0

RESULTING
FRAGMENT
SHAPE

FRACTURE LINE

X LONGITUDINAL GROOVE

H.E. SIDE

FRAGMENT SHAPE RESULTING WHEN THE METAL REMAINING BETWEEN
LONGITUDINAL INSIDE AND OUTSIDE GROOVES IS BETWEEN 0.200" AND 0.240"

EXAMPLE FRAGMENTS FROM TEST QN0O311A0
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TOTAL WETAL REMAINING
BETWEEN
CIRCUMFERENTIAL
GROOVES WAS TOO THICK.
AS TLLUSTRATED BY
FRAGMENT LENGTHWISE
PAIRING

RESULTING
e FRAGMENT
SHAPE

\

-
>

V%

FRACTURE
LONGITUDINAL GROOVE

REDUCED-WEIGHT FRAGMENTS RESULTING WHEN THE METAL REMAINING BETWEEM

.'f‘ A
NIVET

DT AMD QUTSIGE LOWRITUDIIIAL CROOVES WAS 0.240" THROUGH 0.260"

EXAIIPLE FRAGIIENTS FROM TEST QNO311A0

- .. f A s e e et ea e cm————— e < o mm
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LENGTHWISE PAIRING

QNO311A0

RESULTING
FRAGMENT
SHAPE

N 7/
\\v/
(N '
\N/
H.E. SIDE
FRACTURE

LONGITUDINAL GROOVE

REDUCED-WE IGHT FRAGMENTS RESULTING WHEN METAL REMAINING
BETWEEN INSIDE AND OUTSIDE LONGITUDINAL GROOVES WAS 0.280" OR MORE

EXAMPLE FRAGMENTS FROM TEST QNO311A0

FIGURE 311-5
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INSIDE CASE

-
[LLUSTRATION SHOWING THE FRACTURE WHICH OCCURRED WHEN THE

INSIDE CIRCUMFERENTIAL GROOVES EXCEEDED 0.120° DEPTH
EXAMPLE FRAGMENTS FROM TEST GNO311A0

F1GURE 311-6
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WITH 1/2" STEEL BACKPLATE

= 2 EA. .105" STEEL PLATES 8'
HIGH SPACED 3" APART

TARGETS 2, 4, 5 = 1 EA, .105" STEEL PLATE
4' WIDE, 8' HIGH

TARGET 6 = 4'x'6'x1/2" MILD STEEL E

TARGETS 1,

(#3]
H

' TARGETS A, B, C, D, E, F, G = 4'x4'x8" CELOTEX PACKS

2 EA. FASTAX, -
1 SPLIT FRAME, 4
1" FULL FRAME

2 EA. FASTAX 4
1 SPLIT FRAME

1 FULL FRAME 4
i ARENA FOR
TEST ONO311A0 |
? 11-1/2-1NcH 0.D., 135-LB FIREFORMED WARHEAD
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FRAGMENT FRAGMENT :

ROW VELOCITY :
1 4800
2 | 5200
3 5500
4 5500
5 5500

6 5500 ¥

7 5500 ;,

8 5500 f’

9 5500 s
10 5500
1 5500
12 5500

13 : 5500 |

14 5200
15 5200

FRAGMENT VELOCITY CHARACTERIZATION
BASED ON TEST QNO311A0 DATA
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TEST: QNO311A0

VIEW OF WARHEAD IN THE TEST -
ARENA WITH THE SHROUD REMOVED

- s e

TS TR Gr Iy

3

TEST ARENA BEFORE DETONATION SHOWING THE
WARHEAD WITH THE SHROUD IN PLACE
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TEST: QNO311A0

e d

e e s

- -

WITNESS SHEET #1 AFTER TEST: 20' RADIUS:
ENTRY SIDE
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TEST: QNO311AQ

WITNESS SHEET #2 AFTER TEST; 7
15' RADIUS; ENTRY SIDE |

WITNESS SHEET #4 AFTER TEST;
15' RADIUS; ENTRY SIDE
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TEST: (N0311A0

=

b e e g
B KR PR X P

WITNESS SHEET #5 AFTER TEST;
15' RADIUS; ENTRY SIDE

1/2" STEEL WITNESS SHEET AFTER
TEST; 8'6" RADIUS; ENTRY SIDE

— e - Y.
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TEST: AQNO311A0

WITNESS SHEET #3 AFTER TEST; 20' RADIUS; ENTRY SIDE

PAGE 311-19 FIGURE 311-15




R

N I I — | 3
IHOTIM TTVIIL3HOIHL - 1 A ~| ]\~ © v ~ o o w .
el AR R HEE RN Y ~
(suteab) ’ Y » ) % -
< ) A = | T i o] af o ~| o = g
LHOTIM INFWOVIA b 1| o] o | X < ¢ !
g & apaoon Y BN Y] 2| s8R\ § 8 B &8 9
1] <C L
a8 (suteub) t o
(32 X3p) b -~ [ ]
17 LHOTIM INTHOWVIS || Q) S & &f S QI QR QT 8 Q) & & &f = Ny
b WALLIHOIML || ©| o] ©f ©| «f o| o] v v ©V] W O O W O =
, . = [
(yout) A o] o] o\ ol w| ol | o o o o « A 2
HL1d20 3A0049 X T TF Tedq ] 2] S 8] S S S S ey &
TVILINIYIMNOUID |~ - : : TN -
B x
. o wormom = 0L el sl NN Y g »
Ll woran auanodd | 4 TRNE S NN ] ] %
—— 3 — — " — [T a
w 2 ] (suteab) ) fin‘ ) “I\3t (\: aq <c
= Z |5fc LHoram INaNvad ot | | ] & S| Sleod o 1] o -
LZL’_‘J ~ ‘T ";‘ O]U]AOD]H od ] 1 1 ] lr\O 0] w0 k_‘_)‘ (u\; ) — e ' ~ ?i
oo - o
g 5 (:i :i . (S“U:JB) D =t = A~ ] N Y ey o UDJ
aZ <z . IH9IIM INIWOVYAS &l e e o | ] v N ] e o o)
-2 TP WILLIYOIHL || ©f 0| o] 0y 10| w0} 0] W w0 w o o « © <
W Z Q
g E i (l{DU.l) :: {; ~Esh s s e o 8 :
W o HIdIG JA0OMD (|| & & ol Wl @l el g e e = [
S & WINRINN1 =\ 7 7 12 : 13 o
O = : . — 3
Lt IHOIIM WOILTI0AHL - cloal e o oSSR ] o
" Q A G RCELELGEEL I A I B I i I R R IR R "
= (suteab) T | -
w ol o 91 1> JOVY i 0 & @l ol o T "
E ald (suteab) - o ' N S =
== | LU INIHOVE || B oy & & & o A & &) S oF & o &) § L5 1
21 WITLIUOTHL ' . « S
g ——— Lad e
(yout) P P ] =
HLdIa 30089 AT S of Sl 3D Q3R] E T 8 bz 1
WAy S\ 3 TN T ) b ] e = i
S Soril SUAIH v ST U i ‘.:\.,_I.‘._ St Sinaria L5) Sl il ol qrenl-plil SUNEP Sy Sty R .(3 g
Lty HOU INTHOWE || —| | o] [w] o]~ w|o] || o] o] «lo] | @ ;
[ " ') (=9 i
20 ol Ba i
—n) D D -
,"_’Fn._).‘.o . Wl }0:35 i
S -« sl R Ll
S 5 o FTES
SR [y - it L9 g
vl) ‘(u <Y C) d :” ‘(')‘ :‘x, B
E‘:ti—?ul . O (R 3&
3 ole S b ol P
(Lé jued PR \ . ;—::l) °y
G ] o Sl owm T
~t m Pie tad Q

PAGE 311-20 MiGURE 311-16




P O e i T —— .
o " W —— T ” —— YT S —

- s Y O Ay Bl G . T T e T L e L
g
]
l g
(L}
‘ LHOTIM WIILTWOIHL = || o A I P
" e rvies vl I ) B I e R I B e I I »
| @ "
(sutvab) R E == =
o o ) t: = 7
q d goran Nwovad [ 2l si e SRS s e
=R FEieypaceil e I RS R B I R R i R Rl2l gl 3| @ 2
' S d —$ O eof o] ~| w© =
- (suteab) * %) .
— —~
: mo1In tnmovay || 3 9 g 9 Nololsislslislsl = 1
: 2 Hcietrll RIS ES RSB RS R SRR ENESESES RS Y 3
g . ! = g
(wout) 1\Q a4 o d\ o 4ol ool of g o\ o P
HLdIG JA00H9 B\ A ~ Q) ) B B B R [ R B . 3
YILNIYIWNOYTID | I ' & <
. -t —i
(0 I IR Lo s T I I R M S R R =
w» | 2 LHOT3A TN | H| b | A ] ] oA oo -
’_ - - -
= L o (suteab) | — el R = T =y e LE
= | Z|g9 I3 INaovid | = | ol o5l | ol 35 =
% {7 ] a0 | g | @ @lol o = |5 =
Co =]k (suteud) = L ~ :
a8 Tisls o1 inaeved | o of o of wl oo = (=] =] ol o] 2l 2o @ a )
i moaemd | AR BB BRIR|R|R| R R R R H B 2 |
= (wut) Ned - . S |
39 « HLd3Q 3A00¥Y $Sd — = S & B2 B] 3] S| & I 533;% F_ 7
o WILIHT AN SEN] e ] e & |
Lu . —t \o E
L = LHOTIN WOTLIYOIHL - o] ol g R
S Botin aagroon |12 N R e o &
o - — . []
= (suteab) - = e — - —i
5 <5 LHOEIM INTWOWHS § o | 2l S 1" s =
0 = ATIN0ITY | of | o 2 @ o 2 b "
. . o\ Vel wu - -
= égé (suteub) = = = 2. ‘E,
—O -—
IH9TIM INIOVHY N | of of ol o]l wlwim | ol ) vl Wl W =
olo TYI1 LU0 THL O JORNIRIRIRI R R R R R =
(&)
(yout) o o B -1
A <
~nta3a Jnoowd B S S S S SIS IS S S B NINE Ce
Ll w1 N L RN LT T T T T T TN oo
e HOY INFHOVS || — | e NS P Y N P B P S e & 2
|2 L ~— m|alwv]oj~lo|an]ol~]c]o] ] < {r
w9 elz|e2ize] - gl E
—~4T 2
cg’,{,mo ”L)lT: T E\;
Q E_} :‘Eg-_ l-A-l = bt Pl/] 5.?
93 Lo g < (. il t.: °
N 5 el B
3355 x IS R
j < 2123 > I e
& ‘LIJF o wy ) = o
[¥) G} Q L ot v
| ~ b3 S Lt
| !‘ aZ (VV) o
[ =
I
4 |
PAGE 311-21 FIGURE 311-17




<
1304 _._H SIS %04 =
INIHOYYS 1 ¥012¥d wid. G3LVAILS3 H
-374ILINW ¥ SYM INSWOYYS , — &
IHL LYHL SNY3W LN3n9ved R N - T I E T R VoY ]
, 3HL ¥3Ldy (w) €0388v0S B B R ::.W o w
; IN3OYYS I¥HL SHY3W LHDIZM vtil L
{ INGWOYYd 3HL ¥3L4Y (S)  :3LON -- --- | 0101 | e €1
-=- | ---Jowor | v ozl
-- --~ 1 0101 :;:_ Ll
637| 568 | GIOL | ¥i'y ol
Il 87| <82 | 0i0l | (171 g
- owomm 0101 | (¥1° Y g
-- | s por oy
ve°| 9:8 | OOL | [50 [ g N
T R 5
= - [t | LTy o
S
R RN AR g
EE BT B I B4 e
R QN3 ¥315008
sl ~mo|~0d |~ 3_ -
LSS ER|2EF|ZEE! 8
TZo|le ool oCc o R
M| o | = =20, <) =
lomlocAm| s&Em m=
X ol 2o n Z—H =il =
MM~ T~ oM
= == =S SZE o
o= M M ~ = O : 3
. =m — —t o — = : !
R i [ep] o — '
o = = ped
== - — —
l == _ ‘
P '
= ;
| YouL-001°0 301S100 | H143Q 3AC0Y3D .
! Yout-00r 0 30ISNI ] Iwnioniicnon ‘
| (QUISND) Honi-gr/g-T | (1213220330042 w
_ SL15YaS-2A00%9 J
OVTIT¢OND 1S3l
SINIWOVY4 d3¥3A003Y 40 SLHIIIM .
(R Ry




——— » T ST PR y—— pe————— S— . 1

,_4__...__A~___.,‘_._..,_
. PR " .

TEST QNO319A0 y
8", 80-1.B PREFCRMED-FRAGMENT WARHEAD r

] B on eo» =e EE S B O BN S O B IR S S G R me . ‘
1




—

4
3

N
ll i
|

N

2.1.4 TEST 3, QNO319A0

2.1.4.,1 DESIGN SUMMARY AND RATIONALE

The basic design characteristics of the warhead (Figures 319-1 and
319-2) were:

OUTSIDE DIAMETER: 8.0~1inch

INSIDE DIAMETER: 2.0-inch

LENGTH: 15.2-1inch

CASE THICKNESS: 0.445-inch

FRAGHENT TYPE: Pre-fornmed Hex HIBAL

FRAGHEMNT THICKNESS: 0.420-inch

SKIN THICKMESS: 0.025-1nch

FRAGMENT MATERIAL: SAE 4130, (RC-42)

SKIN MATERIAL: Mild Steel

WARHEAD WEIGHT: 80-1b

SHROUD: 0.050-inch titanium with l-inch urethanc

foam insulation

Three choices of preformmed hex-HIBAL fragments were used; 7/8-inch
across flats by 0.42-inch thick (500-grains), l-inch across flats by
0.42-inch thick (700-grains) and 1-1/8-inch across flats by 0.42-inch
thick (900-grains). The case thickness/length combination was designed
to achieve fragment velocities of 5000-, 5500-ft/sec after passing through
the shroud. Only an outside skin (0.025-inch steel) was used, and 7/1¢6"

x 1/2" hoops at each end provided for rigidity. The fragments were potted
in laminac. The shroud (Figure 319-3) is the same design as for the 8-inch
fireformed-fragment warhead.

2.1.4.2 DESCRIPTION OF TEST OBJECTIVES AND TEST ARENAS

The objectives of the test were to measure fragment velocities and
polar ejection angles, and to recover the hex-HIBAL tragments, for
determining the detonation and/or the shroud effects on the resulting
fragrment quality. The test arena plan is in Figure 319-6 and photographs
of the test arena, are in Figures 319-12 and 319-13.

2.1.4,3 DESCRIPTION OF TEST RESULTS

A, Fragment Quality

The recovered frayments exhibited minor deformation resulting from
the detonation-wave sweep, but showed no loss in weight (Figure 319-5).
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B. Fragment Pattern and Velocity

DR SR

— e e e

The fragment polar-cjection-angle, as a function of the fragment
center-of-length distance fron the booster end of the warhead, is pre- o
sented in Figure 319-7. A summary table of the fragment polar-ejection-
angles and velocities is presented in fiqure 319-8. Fragment-hit-
location measurements are presented in Figures 319-9 through 319-11.
Photograpns of the fragment pattern on the witness sheets are presented
in Figures 319-14 and 319-15. 2

~—— e S N AN =

k A
. 8

C. Conclusions {g

§ There is no need for further 8-inch diameter, 80-1b preformed frag- ﬁ
: ment warhead tests, The recovered fragrents were satisfactory in terms of }4
fragment shape and weight, and the pattern and velocity data were adequate Li

to formulate warhead characterization models for the second phase end gauie éi

analysis.
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VIEWS OF WARHEAD WITHOUT C-4
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.105" STEEL WITNESS A
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I

K

10" F

10 !

8 g

!

CELOTEX
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CELOTEX
(4' x 4' x &' HIGH) WARHEAD

CELOTEX \
(8" x 4' x 8' HIGH) 20"

12" HIGH x 18' LONG STCLEL !
WITNESS SHLETS, .105" STLEL f
ON ENTRY, .25" STLEL ON EXIT, '
SEPARATLD BY 6 INCH AIRSPACE :

ARENA FOR
TEST QNO319A0

2 EA GROUND LEVEL FASTAX CAMLRA, 1 SPLIT FRAME,
1 FULL FRAML
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TEST QNO319A0
SUMMARY OF POLAR EJECTION ANGLE AND VELOCITY RESULTS

FRAG. C.G. POLAR AVERAGE
FRAGMENT | DIST. * FROM POLAR ANGLE (DEGREES) ANGLE | VELOCITY
ROW BOOSTER-END | 500-GR 700-GR 900-GR | SUMMARY | (0-20') **
1 1.1 (5) +4.5 4.5 4210
1 1.2 (7) +4.7 4.7
1 1.3 (9) +3.2 3.2
2 1.9 (5) +1.2 1.2 4670
2 2.1 (7) +1.2 1.2
2 2.2 (9) +0.4 0.4
3 2.7 (5) -0.2 -0.2 5000
3 2.9 (7) -0.7 -0.7
3 3.2 (9) -1.5 -1.5
4 3.4 (5) -1.6 -1.6 5080
4 3.8 (7) -1.8 -1.8
4 4,2 (9) -2.5 -2.5
5 4.2 (5) -2.6 -2.6 5380
5 4.7 (7) -2.7 -2.7
6 4.9 (5) -3.2 -3.2 5400
5 5.2 (9) -3.6 -3.6
6 5.5 (7) -3.2 -3.2
7 5.7 (5) -3.6 -3.6 5470
6 6.2 (9) -3.6 -3.6
7 6.4 (7) -3.6 -3.6
8 6.4 (5) -4.0 -4,0 5490
7 7.1 (9) -4.4 -4.4
9 7.2 (5) -4.3 -4.3 5470
8 7.3 (7) -3.9 -3.9
0 8.0 (5) -4.7 -4.7 5580
9 8.1 (7) -4.2 -4.2
8 8.1 (9) -4.2 -4.2
11 8.7 (5) -4.9 -4.9 5660
10 9.0 (7) -4.3 -4.3
9 9.1 (9) -5.0 -5.0
12 9.5 (5) -4.9 -4.9 5630
11 9.9 (7) -4.7 -4.7
10 10.1 (9) -4.6 -4.6
13 10.2 (5) -5.4 -5.4 5690 r
12 10.7 (7) -5.4 -5.4
14 11.0 (5) -5.6 -5.6 5580
11 11.0 (9) -5.2 -5.2
13 11.6 (7) -5.2 -5.2 |
15 11.7 (5) -5.6 -5.6 5660 %
12 12.0 (9) -5.0 -5.0
16 12.5 (5) -5.6 -5.6 5490 i
14 12.5 27; -5.7 -5.7
13 13.0 (9 -5.7 ~5.7
15 13.3 (7) -5.8 -5.8
17 13.3 (5) -7.3 -7.3 5570
14 13.9 (9) -4.8 -4.8
18 14.0 (5) -6.0 -6.0 5490
16 14.2 (7) -6.1 -6.1
* DISTANCE INCLUDES END PLATE AND THROW AWAY RING
** VELOCITY RESULTS ARE FROM THE 500-gr DATA SECTOR, AND ARE i
THE AVERAGE OF THREE FRAGMENT HITS FOR EACH FRAGMENT ROW : :
PAGE 319-9 FIGURE 319-8
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TEST: GQGNO319A9

WARHEAD IN PLACE IN TEST ARENA
WITH SHROUD REMOVED

WARHEAD IN PLACE IN TEST ARENA
WITH SHROUD INSTALLED
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WITNESS SHEET AFTER TEST; 700gr FRAGMENTS;
ENTRY SIDE; 10' RADIUS

TEST: QNO319A9

WITNESS SHEET AFTER TEST; 900gr FRAGMENTS;
ENTRY SIDE; 10' RADIUS
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TEST:

,,,,,,,,

WITNESS SHEET AFTER TEST; 500gr FRAGMENTS:
ENTRY SIDE; 20' RADIUS
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11.5%, 200-LB FIREFORMED FRAGMENT WARHEAD :
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2.1.5 TEST 4, ON0O328A0

2.1.5.1 DESIGN SUMIARY AND RATIONALE

The basic design characteristics of the warhead (Figures 328-1 and
328-2) werc:

OUTSIDE DIAMETER: 11.5-inch
INSIDE DIAMETER:  2.875-inch

LENGTH: 18.375-1inch

CASE THICKNESS: 0.563-1inch

CASE MATERIAL: SAE 4140, (RC37-42)

FRAGMENT TYPE: Fireformed

WARHEAD WEIGHT: 200-1b

SHROUD: Double walled steel, 0.070-inch inside,

0.030" outside, plus 1-inch urethane
foam insulation betwecen warhead and shroud

The fragment case was grooved circumferentially to provide 19 rows
of equal length fragments, each 0.888-inch long. The spacing between the
Tongitudinal grooves was varied to determine if the spacing significantly
affected fragrent quality. The (external) spacings tested were 0.675-,
0.866- and 1.108-inch. The fragment weights for these spacings would be

600-, 770-, and 990-grains respectively (with no Toss in the fireforuing).

The shroud (Figure 328-3) tested was identical to that of the previous
11-1/2-inch-diameter warhead.

The "best" opposed groove designs from test QNO311A0 indicated that
shallower groove depths were required for fragments loceted near the

booster end of the warhead, than for fragments located near the non-booster

end, This was true for both longitudinal and circunfervntial grooves.

A. Longitudinal Grooves

The longitudinal grooves were tapered in depth, frow one end of the
warhead to the other. The tapering of the longitudinal gruoves was based
on the depths of the "best" opposed groove designs froa test QNO3L1AD,
and ratioed to account for the increase in case thicknes: from 0.5 to
0.5625-inch, Calculations are presented below:

for Booster End:

use same ratio as in 0,100-inch deep grooves of QNO311AQ.

{S'Zgg 0 Séfﬁ; x = 0.225 total depth, or 0.113-inch deep

ins ide and outside]
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For Non-Booster End:

use same ratio as in 0.130-inch deep grooves of QNO311AO0.

[.Q-,.Z_ﬁ.Q S, S
0.500 0.5625
inside and outsid%]

x = 0,293-inch total depth, or 0.146-inch

The longitudinal grooves were tapered in two styles; one with the
inside and outside grooves symmetrical, and one with only the outside
groove tapered in depth, the inside grocve romaining a constant depth,
See fiqure 328-2.

B. Circumferential Grooves

The circumferential grooves were uniformly increased in depth, from
the booster end of the warhead. The "best" circumferential groove depths
fraon test ONN311A0 were used as a basis, the depths being increased by
the ratio of the case thicknesses. Calculations are presented below:

For Booster End:

use same ratio as in 0.100-inch deep grooves of QNO311A0,

0.260 _ X
0.500  0.56

total depth, or 0.146-inch inside and outside]; for rows

for first 7 rows. [ 25; x = 0.2925-1inch

0,300 _ X . - a7E s :
8, 9, 10 [5'500 = 9EgoEs X 0.3375-inch total depth, or

0.169-inch irside and outsid%]

For Non-Booster End:

grooves calculate same ratio as in 0.130-inch deep grooves

of ONO311A0. [9'316 = X

R 0.356-inch total depth,

or 0.178-inch deep inside and outside}; use 0.190-inch
because of 18-inch length instead of the 15-inch length in
QNO311A0.

C. Booster-End Fragments

The first row of fragments on the booster end of the warhead were
tapered, in an attenpt to stop the fradgment scabbing probloms which
occurred in the previous test., The fragments were therefore made
somewhat longer to compensate for the weight lost in tapering.
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2.1.5.z DESCRIPTION OF TEST OBJECTIVES AND TEST ARENA

PRI SIS

The test objectives were to recover a sample of fragments from each
of the parametric choices in groove design, and to measure fragment polay-
ejection-angles and velocities. The test arena details are shown in
Figure 328-8. [Photographs of the test arena are shown in Figure 328-11.

N e g

2.1.5.3 DESCRIPTION OF TEST RESULTS 1

A. Fragment Quality

1. Longitudinal Grooves

The longitudinal grooves were of inadequate depth, and the results
(of poor-quality fragments) typified by too much metal remaining between
the apexes of the inside and outside grooves occurred in this test, in-
cluding a significant amount of scabbing of the fragment., Figure 378-14 :
shows examples of the fragments having the deepest longitudinal yrooves i3
(i.e. the thinnest metal remaining between opposed grooves). :

2. Circumferential Grooves

+
{
lumerous fragment lengthwise pairs were recovered, indicating that the ?é
total metal remaining between the apexes of the inside and outside cir- :
cumferential grooves was too thick. Where the inside grooves exceeded
0.120-inch depth the non-booster-end inside-corners broke off as illustrated

in Figure 328-11.

i The measurements of the fragment-hit locations are presented on
pages 328-11 and 323-12, but polar-ejection-angles and detailed fragment
velacities are not presented because the fragment lengthwise pairings
and fragment scabs make identification of the primary fragments
difficult., The velocities of the fragments ranged from 5700-ft/sec at

: the center-of-length of the warhead to 4900-ft/sec at the ends of the

' warhead.

1
!
|
1
t
|
B. Fragment Ve]otity and Polar-Anqgle Characterization y

C. Conclusions

1. The warhead design will have to be altered to achicve ptoper 1
fireforming of fragments, '

2. Change the design approach to consider metal remaining between
the apexes of the opposed-grooves.
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TEST: QNO328A0 ‘

WIE 359/

WARHEAD BEFORE BEING LOADED WITH EXPLOSIVE
SHOWING INTERIOR GROOVING
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RESULTING
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FRACTURE

LONGITUDINAL GROGVE

REDUCED-WEIGHT FRAGMENTS RESULTING WHEN THE METAL REMAINING BETWEEN
INSIDE AND OUTSIDE LONGITUDINAL GROQOVES WAS 0.240" THROUGH 0.260"

EXAMPLE FRAGMENTS FROM TEST QN0328A0
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METAL REMAINING BETWEEN

CIRCUMFERENTIAL
GROOVES WAS TOU THICK,
AS ILLUSTRATED BY
FRAGMENT LENGTHWISE
PAIRING

TR T T

(ONO328A0

™~
A\

EXPLOSIVE
| sueep
/| DIRECTION

Ja——— FRACTURE LINE ‘[

<

-

INSIDE CASE

A— E

-

ILLUSTRATION SHOWING THE FRACTURE WHICH OCCURRED WHEN THE
INSIDE CIRCUMFERENTIAL GROCVES EXCEEDED 0,120" DEPTH

EXAMPLE FRAGMENTS FROM TEST QGN0328A0
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TEST QNO328A0
11-1/72" 0.D., 200-LB FIRE FORMED HIBAL YARHEAD
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TEST QNO328A9

COORDINATES®* OF FRAGMENT HIT LOCATIONS (INCHES)

ON THE WITNESS SHEETS

FRAGMENT 20" RADIUS WITNESS SHLET COORDINATES
ROW [ COLUMN COLUMN COLUMN ~COLuMN
NUMBER 1 2 3 4

1 -46-1/2 +35 +42 +44

2 -50 +34 +41 +25-1/7

3 -49 +13 +21 +5

4 -63-1/2 +3.5 +11 -3-1/2

5 -5.5 +8 -11

6 -20** -6 -18-1/2

7 -28** -22%% -22-1/2

8 -32-1/2** -24 -29%*

9 -32 -29-1/2 -34**
10 -35 -35 ~36**
11 -38-1/2 -34-1/2%* -41
12 ~42-1/2%* -37 -43
13 -36-1/2 -43-1/2 -44-1/2
14 -41 -42 -44
15 -42 ~46%** -45
16 -43 -48 -52
17 -45 -48-1/2
18 -46-1/2 ~-45
19 -48 -48
20 -63 -49
21 -62-1/2

* VERTICAL MEASUREMENTS ARE MEASURED FROM

(BOOSTER WAS ON TOP OF WARHEAD.)

**  FRAGMENTS PAIRED TOGETHER

THE TOP OF THE WARHEAD

PAGE 328-11
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TEST QNO328A0
VERTICAL MEASUREMENTS® OF FRAGMENT HIT LOCATIONS

(INCHES) ON THE WITNESS SHEETS
30" RADIUS WITNESS SHEET ,
FRAGMENT COLUMN COLUMN *** COLUMN i
NUMBER 1 2 3 .
1 -39 +68 +61-1/2
2 -47 +55 +28
3 -41-1/2 +31 -4-1/2
4 -62-1/2 +9-1/2 -4
5 -64-1/2 +2 -6
6 -8
7 -9-1/2
8 -12-1/2 '
9 -17-1/2 x
10 ~20%% 5
11 ~26-1/2 E
12 -29
13 -30-1/2 .
14 -34-1/2 ‘
15 -34
16 -34-/12 z
17 -35-/12 1
18 -34-/12 1
19 -36 E
20 -37-1/2 g
21 -41 )
22 -44 [
"~ 23 -43-1/2 B
24 -41-1/2 |
25 -42-/12 ;
26 -46-1/2 1
27 -68-1/2 K
* VERTICAL MEASUREMENTS ARE MEASURED FROM THE BOTTOM OF THE
WARHEAD AIMLINE (BOOSTER WAS ON TOP OF WARHEAD.)

**  FRAGMENTS PAIRED TOGETHER K

**%* THE NUMBER OF FRAGMENT LISTED IN COLUMN 2 EXCEEDS THE NUMBER ;
OF FRAGMENT ROWS IN THE WARHEAD BECAUSE THE FRAGMENTS WERE :
SCABBING ,

PAGE 328-12 FIGURE 378-10 - #
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TEST: QNO328A0

TEST ARENA BEFORE DETONATION

WARHEAD IN POSITION
IN TEST ARENA
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2.1.6 TEST 5, QNO4O9A0

2.1.6.1 DNESIGN SUMMARY AND RATIONALE

This warhecad was partly fireformed fragments and partly prefonued
fragments. The basic design characteristics of the warhead (Figures 409-1
thru 409-3) were:

QUTSIDE DIAMETER: 19-inch

INSIDE DIAMETER:  10.5-inch

LENGTH: 12-1/2-1inch

CASE THICKNESS: 0.5-inch

CASE MATERIAL: SAE 4130, (RC-42)

WARHEAD WEIGHT: 200-1b

SHROUD: 0.080-inch titanium for prefomed fragment
side, 0.020-inch titanium for fireformed
fragment side, plus l-inch urethane foam
insulation between warhead and inner shroud

Three sizes of hex-HIBAL fragments were tested, 500-grain (7/8-inch
across flats x 0.47-inch thick), 700-grain (1-inch across flats x 0.47-inch
thick) and 900-grain (1-1/8-inch across flats x 0.47-inch thick). The
fragments were layed up inside a 0.030-inch skin (mild steel) and potted
in laminac., .

The fireformed fragment case was grooved circumferentially to provide
14 rows of equal length fragments, each 0.886-inch long. Three choices
of spacing between the longitudinal grooves were evaluated, 0.633-inch,
0.886-inch and 1.139-inch. The theoretical fragment weights for these
spacings (with no loss in fireforming) were 550-, 770-, and 990-grains.

The decision was made to investigate the possibility that the metal
remaining between opposed grooves was the critical design factor, as
opposed to the groove depth or ratio of groove depth to case thickness.
The most successful warhead design of the first three tests was the first
test (NND225A0), the design for QNO409A0 was thercfore based on
it.

A. Longitudinal fGrooves

The best fragment longitudinal breakout in test QN0O225A0 occurred for
metal-thickness-remaining values of 0.193 to 0.238-inch. For test QRO409A0,
the metal-thickness remaining between longitudinal opposed grooves was
varied from 0,190 to 0.260-inch,

The depth of all inside longitudinal grooves was also made
0.110-inch, so0 as to equal the depth of the circumferential ygrooves (See
discussion below.)

PAGE 409-1
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B. Circumferential Grooves

The results of QN0225A0 indicated that no doubles occurred for metal
thickness values remaining of 0.160-inch or less for the non-booster-end
fragments. For QNDA0O9A0, the metal remaining values were varied from
0.140-inch to 0,248-inch,

The nside circumferential grooves were unifomnly 0.113-inch deep
to prevent the inside non-booster-end corner from breaking off, The
outside circunferential-groove depths were each varied from 0.142-inch
deep to 0.250~-inch deep. By using this design, the data should provide
a quide to the required groove depths (as a function of groove distance
fron the booster end) to prevent the fragment doubles.

The circumferential and longitudinal groove designs are summarized
in the table below:

LONGITUDINAL l[ CIRCUMFERENTIAL
GROOVES GROOVES
INSINE| OUTSINE METAL INSIDE OUTSIDE METAL
NEPTH NEPTH REMAINING {| DEPTH DEPTH REMAINING
(inch) (inch) (inch) (inch) (inch) (inch)
0.110 0.130 0.260 0.110 0.142 0.248
0.110 0.140 0.250 0.110 0.155 0.235
0.110 0.150 0.240 0.110 0.171 0.219
0.110 0.160 0.230 0.110 0.188 0.202
0.110 0.170 0.220 0.110 0.207 0.183
0.110 0.180 0.210 0.110 0.221 0.169
0.110 0.190 0.200 0.110 0.242 0.148
0.110 0.200 0.190 0.110 0.250 0.140

The preformed fragments were fired through a 0.080-inch titanium shroud
and the firefomed fragments were fired through a 0.020-inch titanium shroud.
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2.1.6,2 DESCRIPTION OF TEST OBJECTIVES AND TEST ARENA

The objectives of the test were to measure fragment pattern and
velocity for both the fireformed and preformed fragments, and to recover
a large sample of the fireformed fragments. The test arena is presented
in Figure 409-8, with photographs appearing in Figures 409-14 through
409-16.

2,1.6.3 DESCRIPTION OF TEST RESULTS

A. Fragment Quality

Since all inside grooves were 0.110-inch deep, the results are
segregated below by outside longitudinal-groove depths,

1. Outside Depth = 0.130-inch (Remaining Metal = 0,260-inch)

No recovery was made of fragments.

H

2. Outside NDepth = 0.140-inch (Remaining Metal 0.250-1inch)

Ten fragments were recovered which were 0.886" wide, all of
which were very good quality. The minor fault of the frayments
was that some "borrowing" was evident on all fragments, both
circunferentially and longitudinally.

Twelve fragments were recovered which were 0.633-inch wide.
Five of these fragments (from rows 9 through 13) were joined
together in a string. Three of the remaining seven fragments were
scabbed. The longitudinal-groove breakout was excellent for all but
the scabbed fragments. The circumferential-groove depth for this
fragment string was 0.155-inch outside, thus leaving 0.235-inch
remaining metal.

3. Outside Depth = 0.150-inch (Remaining Metal = 0.240-inch)

Six fragments were recovered, two of which scabbed. Borrowing
was evident to a slight degree on both the longitudinal and
circumferential grooves.

4, Outside Depth = 0.160-inch (Remaining Metal = 0.230-inch)

Nine fragments 0.886-inch wide were recovered, two of which
were in a doublet., The doublet was in rows 12 and 13; the
circumferential groove depth being 0.188-inch at this point
(0.202-inch remaining metal). Borrowing was evident to a slight
degree on all the fragments. One fragment was a partial.

Eight fragments 0.633-inch wide were recovered, including two
doublets, rows 10, 11 and rows 12, 13. Slight borrowing was
evident on the longitudinal grooves of the doublets, All other
fragments scabbed.
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5. Qutside Nepth = 0,170-inch (Remaining Metal = 0.220-inch)

Three fragments, 1.139" wide, were recovered. Two were in a
double (rows 3, 4) and scabbed. The appearance of the scabbed
fragment was different than scabbed fragments previously
recovered in that the scabbed face was very smooth, The third
N fragment, from row 2, had borrowing on all four sides.

- Gy N

_.A..,.,ﬁ.,“,.,
SN

Eight fragments were recovered which were 0.886-inch wide.
Four of the fragments were scabbed (not the "smooth face" scab).
remaining four had excellent-quality breakout ulong the longi-
tudinal grooves, but showed evidence of borrowing along the
circunferential grooves.

6. Outside Depth = 0.180-inch (Remaining Metal = 0.210-inch)

F Nearly complete success was achieved, in that the frag- ?
ments averaged 911-grains weight, or about 90% of theoretical. E

Eleven fragments (1.139-inch spacing) were recovered (no
doublets). Slight borrowing was evident on the longitudinal ]
grooves for all the fragments. There was one partial fragment, +
Borrowing was evident circumferentially on two of the fragments,
row 3 and 13. The outside circumferential-groove depth was
N.221-inch, or 0,169-inch remaining metal.

7. Outside Depth = 0.190-inch (Remaining Metal = 0.200-inch)

Mearly complete success was achieved, in that most, frag-
ments were excellent quality, averaging 732-grains each, or about
95% of theoretical.

Twenty two fragments were recovered (0,886-inch wide), including
one double (rows 4, 5) and one scabbed fragment (row 10).

The 0.020-inch titanium shroud left an imprint on the fragments,
which had not occurred in any of the previous tests. No other
damage than the imprint can be attrituted to the shroud.

Recovered fragment weights are presented on page 409-24.

B. Fragment Pattern and Velocity

|

The fragment polar-angle and velocity characterizations, for both !
the preformed and fireformed fragments, are presented in Figures 409-5 13
throuqgh 409-7, The data for the fireformed fragments are not as cuaplete |

.- as the data for the preformmed fragments because the column of fragments
. which was intended for velocity and polar-angle characterization did not
S properly breakup, circumferentially (i.e., fragment multiples occurred). i
L b .- The data are presented in Figure 409-8 and 409-9.
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C. CONCLUSIONS

1. Firefomed Fragment Harhead

a. Longitudinal opposed grooves which provide for 0.250-inch or
less metal remaining between the apexes of grooves will provide for
proper ca~e breakout along the longitudinal grooves.

b. For fragments near the booster end of the warhead, circumferen-
tial grooves should provide for about 0.240-inch remaining metal between
the apexes of the grooves. For fragments near the non-booster end ot
the warhead, the circunferential grooves should provide for about 0.200-
inch remaining metal.

i
1
|
!
!

2. Preformed Fragment Warhead

There is no need for further 19-inch diameter, 200-1b prefonued
fragment warhead tests. The fragments were satisfactory in quality, as
judged from the witness sheet pattern, and the pattern and velocity
date were adequate to fonmulate warhead characterization models for the
second phase end game analysis.

PAGE 409-5
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1" URETHANE FOAM INSULATION

.080" TITANIUM 180°
(for preformed
fragments)

.020" TITANIUM 180°
(for fireformed
fragments)

\ ¥
13"
S A
- 22"
SHROUD USED IN TEST QNO40SAO
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FRACTURE \

LONGITUDINAL GROOVE

REDUCED-WEIGHT FRAGMENTS RESULTING WHEN THE METAL REMAINING BETWEEN
INSIDE AND OUTSIDE LONGITUDINAL GROOVES WAS 0.240" THROUGH 0.260"

EXAMPLE FRAGMcHTS FROM TEST QNO4N9AJ
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TARGETS :

TARGETS:

2 FASTAX

CAMERAS
A,B,C, D, E=4'x4'x8'-HIGH CELOTEX j
PACKS WITH 1/2" STEEL BACKPLATES \\/;

F, G, H, J = 2 EA. 4'-WIDE, 12'-HIGH,
0.105"-THICK STEEL PLATES. SPACED

—
6" APART. T
F
20°R

WARHEAD
10'R ‘/////’

O
15'R
G .

o>
N

2 FASTAX
CAMERAS

ARENA FOR TEST QNO409A0

PAGE 409-13 FIGURE-409-8

kY o

e
DINDVTREEDS Ve

S O S

SIS ORI ST OU. = 0 UT G VAPAI

S e de




RESULTS FOR HEX HIBAL FRAGMENTS THROUGH
080" TITANIUM SHROUD

TEST QNO4OSAO
SUMMARY OF FRAGMENT POLAR EJECTION ANGLE AND VELOCITY

—

FRAGMENT

1

C.G. DISTANCE | FRAGMENT HIT LOCATIONS |
FRAGMENT | FROM BOOSTER | RELATIVE TO BOOSTER-END | POLAR AVERAGE

ROW! END (INCHES) 500-gr | 700-gr | 900-gr | ANGLE | VELOCITY(0-15")
1(5) 0.8 +45.5 +14.4° 3400
1(7) 0.9 +47.3 +15.0°

1(9) 1.0 +20.5 +6.8°

2(5) 1.6 +16.5 +5,7° 3800
2(7) 1.8 +13.5 | +4,9°

2(9) 1.9 Po41.3 +1.0°

3(5) 2.3 +3.3 ' +1.8° 4200
3(7) 2.6 0 +0.8°

3(9) 2.9 -4.8 -0.6°

4(5) 3.1 -2.5 +0.2° 4400
4(7) 3.5 -5.8 -0.7°

5(5) 3.8 -8.0 -1.3° 4600
4(9) 3.9 -10.0 -1.9°

5(7) 4.4 -12.7 -2.6°

6(5) 4.6 -12.3 -2.4° 4600
5(9) 4.9 -16.0 -3.5°

6(7) 5.2 -16.3 -3.5°

7(5) 5.4 -16.0 -3.4° 4800
6(9) 5.8 -19.3 -4.3°

7(7) 6.1 -20.7 -4.6°

8(5) 6.1 -18.5 -3.9° 4800
7(9) 6.8 -20 -4.2°

9(5) 6.9 -19.8 -4.1° 4900
8(7) 7.0 -20.3 -4.2°

10(5) 7.6 -22.3 -4.7° 4900
8(9) 7.8 -24.8 -5.4°

9(7) 7.8 -25.2 -5.5°
11(5) 8.4 -25.0 -5.3° 4900
10(7) 8.7 -25.3 -5.3°

9(9) 8.8 -28.3 -6.2°

12(5) 9.2 -25.0 -5.0° 4900
11(7) 9.6 -28.8 -6.1°

10(9) 9.7 -28.5 -6.0°

13(5) 9.9 -27.5 -5.6° 4900
12(7) 10.4 -29.2 -6.0°

11(9) 10.7 -29 -5.8°

14(5) 10.7 -28.8 -5.7° 4600
13(7) 11.3 -35.3 -7.6°

15(5) 11.4 -30.8 -6.2° 4500
12(9) 11.7 -37.3 -8.1°

14(7) 12.1 -44.8 -10.3°

16(5) 12.2 -41.3 -9,2° 4500
1 NUMBERS IN PARENTHESIS INDICATE FRAGMENT SIZE
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TEST QNO4OSAO

FRAGMENT VELOCITY AND POLAR ANGLES FOR FIREFORMED
FRAGMENTS THROUGH 0.020” TITANIUM SHROUD

—e o B B B

POLAR FRAGMENT
FRAGMENT EJECTION AVERAGE
ROW* ANGLE VELOCITY (0-20-ft)
. 1 5° 4300
| 2 2.7° 4800
3 -0.6° 5260
4 -0.9° 5260
5,6 -3.0° 5400
7 -4.6° 5500
8,9,10 -5.3° 5500
11,12 -5.5° 5500
N ----
U - —---

*THE FRAGMENT ROWS LISTED IN THE SAME LINE WERE JUDGED
TO BE PAIRED TOGETHER BASED ON THE HOLE SIZES IN THE
WITNESS SHEETS.
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| TEST QNO409AO i
VERTICAL MEASUREMENTS* OF FRAGMENT HIT LOCATIONS ]
l (INCHES) ON THE WITNESS SHEETS ;
.__ :
| S00-GRATN HEX HIBAL, 15" RADTUS .
FRAGMENT COLUMN COLUMN | COLU«N COLUMN 8
ROW 1 2 3 4 AVERAGE £
: l 1 -22 -19 +20.5 é
2 +0.5 -2 +1.3 5
l 3 -5 -4.5 -4.8 ]
4 -10.5 -9.5 -10.0 1
5 -15.5 -16.5 -16.0 4
6 -20 -18.5 -19.3 4
] 7 -19 -21 -20 :
8 -25.5 -24 -24.8 k
: 9 -28 -28.5 -28.3 L
10 -30 -27 -28.5 :
' 1 -29 -29 -29
12 -38 -36.5 -37.3 |
;
|
@
FIRE-FORMED HIBALS -20° RADIUS ¥
FRAGMENT COLUMN |
ROW 1 | 3
1 +20.5 |
2 +10.0 I
3 -5.0 |
4 -7.0 Py
5 -17.0 |
: _17.0:}FRAGMENT DOUBLE
7 -26.5
8 -30 ;
9 -30 }FRAGMENT TRIPLE
10 -30
11 -33
13 3 :}FRAGMENT DOUBLE
¥ """ (WIT BELOW WITNESS SHEET) ,
K
* VERTICAL MEASUREMENTS ARE FROM THE TOP OF THE WARHEAD AIMLINE. !
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I TEST ONO40O9A0 ¥
VERTICAL MEASUREMENT* OF FRAGMENT HIT LOCATIONS -
l (INCHES) ON THE WITNESS SHEETS
500-GRAIN HLX HIBAL
l FRAGMENT COLUMN COLUMN COLUMN COLUMN E
ROW 1 2 3 4 AVERAGE | 3
l 1 +45 +46 +45.5 %
2 +18 +15 +16.5 v
3 +2.5 +4 +3.3 '
' 4 -2 -3 -2.5 .
5 -9 -7 -8 ‘
6 -12 -12.5 -12.3
7 -16.5 -15.5 -16.0
l 8 -18.5 -18.5 -18.5
9 -21 -18.5 -19.8
A 10 -22.5 -22 -22.3
11 -25.5 -24.5 -25.0
12 -25 -25.0
13 -28 -27 -27.5 i
14 -29.5 -28 -28.8 [
15 -31.5 -30 -30.8 1
16 -43.5 -39 -41.3 i
700-GRAIN HEX HIBAL '
FRAGMENT | COLUMN | COLUMN | COLUMN | COLUMN | COLUMN | COLUMN
ROW 1 2 3 4 5 6 AVERAGE
1 +45.5 +47.5 +49 +47.3
2 +13 +14 —-- +13.5
3 -0.5 0 +0.5 0
4 -6 -6.5 -5 -5.8
5 -12 -13 -13 -12.7
6 -15.5 -17.5 -16 -16.3
7 -20.5 -22 -19.% -20.7
8 -15.5 -23 -22.5 -20.3
9 -25 -25.5 -25 -25.2
10 -22.5 -27 -26.5 -25.3
11 -29 -28 -29.5 -28.8
12 -26 -30 -31.5 -29.2 .
13 -35 -34 -37 L -35.3
14 .- -42.5 -47 b -44.8
i}
*  VERTICAL MEASUREMENTS ARE FROM TOP OF WARHEAD AIMLINE 5
{
[
]
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TEST QNOWO9A0

;
§
i
b
'
!

WARHEAD AT TEST SITE WITH SHROUD INSTALLED
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TEST: QNO40CAO

500-gr FRAGMENT WITNESS SHEET AFTER
TEST; 15" RADIUS

700-gr FRAGMENT WITNESS SHEET
AFTER TEST; 15' RADIUS
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900-GRAIN FRAGMENT WITNESS
SHEET AFTER TEST; 15' RADIUS

FIRE-FORMED HIBAL WITNESS
SHEET AFTER TEST; 20' RADIUS
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TEST QNO429A0
11,5, 200-uB, PREFORMED-FRAGMENT/FIREFORMED-
FRAGMENT COMBINATION-WARHEAD




2.1.7 TEST 6, QNO429A0

2.1.7.1 DESIGN SUMMARY AND RATIONALE

This warhead was a combined (preformed plus fireformed) fragment warhead.

The basic design characteristics of the warhead (Figure 423-1 and 429 2)
vere:

OUTSIDE DIAMETER: 11,5-inch

INSIDE DIAMETER: 2.875-inch
LENGTH: 18,375-inch
CASE THICKNESS: 0.563-inch

CASE MATERIAL:
Preformed Fragments:  SAE 4130, RC44-47
Fireformed Fragments: SAE 4140, RC37-42
SKIN THICKNESS:
Preformed Fragments: 0.015-inch (mild steel)
WARHEAD WEIGHT: 200-1b
SHROUD: Two steel skins, 0.020-inch inside,
0.030-inch outside, plus l-inch urethane
foam insulation between warhead and
inner shroud

The preformed hex-HIBAL fragments were all 0.548-inch thick, and were
the following sizes: 3/4-inch across flats (500-grian); 7/8-inch across
flats (700-grain); and 1-inch across flats (900-grain). They were packaged
with a 0.015-inch steel outside skin and potted in laminac.

The fireformed-fragment case was grooved circumferentially to provide
19 rows of equal-length fragments, 0.888-inch long. The spacing between
longi tudinal grooves was 0.75-inch. No variation in spacing between
longitudinal grooves was made because it was not judged that the spacing
between longitudinal grooves would affect the fragment quality. The
theoretical weight of the fragments (before any weight loss due to
fireforming) was 750~-grains.

A. Longitudinal Grooves

0.250-inch metal thickness remaining between grooves (or less)
resulted in good fragment breakout longitudinally in test (NO403A0. So
in test QNO429A0 the grooves were varied so as to achieve metal thickness
remaining values from 0.248 to 0.273-inch, to explore how thick metal
remaining between grooves can be and still produce good fragments.

The inside longitudinal grooves were all made 0.100-inch deep. The
outside longitudinal grooves were varied in depth to provide the range of
values of metal thickness remaining between inside and outside grooves
desired. The groove depths are summarized below.

PAGE 429-1




METAL
REMAINING

INSIDE QuUTSIDE BETWEEN
DEPTH DEPTH GROOVES
(inch) (inch) ~ (inch)
0.100 0.190 0.273
0.100 0.195 0.268
0.100 0.200 0.263
0.100. 0.205 0.258
0.100 0.210 0.253
0.100 0.215 0.248

B. Circumferential Grooves

Metal thickness remaining between opposed grooves should be about
“e same as what worked in previous test. Metal thickness remaining
values = 0.243-inch near booster end = 0.193-inch near non-booster end.

Al1 inside circumferential grooves were 0.110-inch in depth, to pre-
vent the inside non-booster-end corners of the fragments from breaking
off. The outside circumferential grooves were made deep enough to reduce
the metal tickness between the apexes of the opposed grooves to the value
for which no fragment doubles had been recovered in test 6. The depths
are presented below, groove-1 being nearest the booster end.

METAL
REMAINING
INSIDE OUTSIDE BETWEEN
GROOVE DEPTH DEPTH GROOVES
NUMBER (inch) (inch) {inch)
1 THRU 6 0.110 0.210 0.243
1 THRU 19 0.110 0.260 0.193

2.1.7.2 DESCRIPTION OF TEST OBJECTIVES AND TEST ARENA

The test objective included characterizing the polar ejection angles
and the velocities for the preformed fragments, and recovering a sample of
each preformed-fragment size to determine if damage resulted during the

detonation or fraon the fragment perforating the shroud. Fragment recovery,

only, was desired, for the fireformed fragments. The test arena is
illustrated in Figure 429-6, and photos appear in Figure 429-12.
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2.1.7.3 DESCRIPTION OF TEST RESULTS
A. Fragment Quality

1. Fireformed Fragments

The longitudinal-groove designs were inadequate in that the meta’
remaining between the inside and outside opposed grooves was too
thick, Example fragments are shown in Figures 429-4 and 428-5, Also a
contributor to the poor longitudinal breakout {which is demonstrated
in the following test) is the too-shallow depths of the inside groove.

The recovered fragments were of such poor quality that it was
decided there was no useful information to be gained by weighing them.

2. Preformed Fragments

The fragment quality was excellent. The fragments exhib%ted some
minor deformation from the explosive sweep, but lost no weight.

B. Fragment Velocity and Pattern - Preformed Fragments

A summary of the fragment velocity and polar ejection-angles for
the hex-HIBAL fragments is presented in Figure 429-7. The fragment
polar ejection angles are plotted as a function of the fragment center-
of-length distance from the booster-end of the warhead in Figure 429-8,

Measurements of the fragment-hit locations are presented in Figures 429-9,
10, 11. Photographs of the fragment pattern are presented in Figure 429-13.

CONCLUSTONS

1. Fireformed Warhead

a. Opposed longitudinal grooves should have maximum of 0.240-inch
remaining metal between the apexes of the opposed grooves to achieve
proper breakout.

b. The circumferential grooves will have to be deeper, so as to
reduce the metal thickness remaining between the apexes of the grooves
to less than 0.193-inch,

¢. The Celotex recovery may have contributed to fragment breakup
in test QNOAD9A0. In the next test more witness sheets should be used
to verify fragment lengthwise breakup prior to impact on the Celotex.

2. Preformed Warhead

There is no need for further 115-inch diameter, 200-1b prefomed-
fragment warhead tests. The quality of the recovered fragments was
excellent and the fragment velocity and pattern were within acceptable
bounds.
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HEX HIBAL - FRAGMENTS
900-grain LONGITUDINAL GROQVES

1* ACROSS - 0.190"

AN T SRR RS —0.195"
20 ROWS [ . ALL INSIDE
e - : LONGITUDINAL

GROOVES: 0.1"
_PEPTH, 3/4" SPACING

DLPTH OF OQUTSIDE

700-grain

7/8" ACROSS
FLATS

23 RONS

£00-gra in‘]
3/4" ACKOSS

FLATS .
27 ROWS l
6$,. ;--E- TAITLIIT O k — 4
Sk -1/72" | & ; 1.003"
13.-: './ R - HOTES : p
N RN N 1. FIREFORMED
PREFORMED HEX HIBAL S }& . T—*E/ 2| FRAGMENT CASE |
FRAGMENT MATERIAL = Sk /2 20,8882 MATERIAL = SAE !
SAE 4130, HEAT TREATED, | I “vp. 14 0. 210" 4140, HEAT :
OIL QUENCHED, AND DRAWN | ' F5 | cROOVE TREATED GIL )
AT 800° ACTUAL ROCKWELL | DLPTH QUENCHED, DRALN L
“C* MEASUREMENTS = 44-47 | Z AT 800°. ACTUAL »
=P ROCKWELL “C* K
| 2| MEASUREMENT =
Z M 37-42 :
= 2. ALL INSICE GROOVES :
4 FILLED WITH
[g] LAMINAC
| E/ "
p 2 18-3/8
HIBAL {4
THICKNESS 13 1z
0.548" £ |0 re0r ‘
{;} G=OVE bl
“AZ3 | peeTH
. 0.070'-»:’ 4 |
| A7 !
H 3 l
1/4" ) i - J i
e ey e ‘...‘ ElaiRIdla T N !
:::‘.'.——; wu:&xl.':.':xt.nxuu:’.'\}t\:\l;'\)\l\‘))l:‘Ln.'aLJUr;‘L ? Mo '——'{ ST e ‘
~+js- 0.015" I--2-7/8" 9/16™ ALL INSIDE
~—e JCIRCUMFERLKTIAL
p—————— 11-1/2" 0.D. GROOVES: |
0.11" UEPIH
WARHEAD DESIGN
TEST QNO429A0
|
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BT ST SRR i " . - .
- ' . . Coa . . . I . ) ]

18" 0.D. x .030" STEEL 14" 0.D. x .020" STEEL 1" URETHANE FOAM

20" i

(_________
|

SHROUD FOR 11-1/2" 0.D. 200-LB WARHEAD
TEST QNO42SA9
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TOTAL METAL REMAINING e o1 3 : |
BETWEEN CIRCUMFEREN- : | f !

TIAL GROOVES WAS T0O
THICKAS ILLUSTRATED
BY FRAGMENT LENGTHWISE
PAIRING

-
INCHES

QNGC429A0

RESULTING
<4—— FRAGMENT

SHAPE
N N
*> <!
FRACTURE \
LONGITUDINAL GROOVE
J

REDUCED-HETGHT FRAGMENTS RESULTING WHEN THE METAL REMAINING BETWEEN
INSIDE AND OUTSIDE LONGITUDINAL GROOVES WAS 0.240" THROUGH 0.260"

EXAMPLE FRAGMENTS FROM TEST QNO429A0
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FRACTURE }
LONGITUDINAL GROOVE :
7 REDUCED-WE IGHT FRAGMENTS RESULTING WHEN METAL REMAINING :
‘- BETWEEN INSIDE AND OUTSIDE LONGITUDINAL GROOVES WAS 0.280" OR MORE ,
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TARGETS 1-15
TARGETS A, B, C

CELOTEX PACKS

.105" STEEL WITNESS SHEETS, 12' HIGH
“ (NOTE: A, B = DOUBLE SHEETS WITH 6" SPACING)

it

3 4 5 6 7 8 9 10
2 11
1 12° 15° 12
17"
WARHEAD

),

900-grain 500-grain
HEX HIBAL HEX HIBAL
700-grain
HEX HIBAL
TEST ONO429A0
PAGE 429-9 , FIGURE 429-6
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TEST QN0O429A0

SUMMARY OF FRAGMENT VELOCITY AND POLAR EJECTION ANGLES FOR
THE HEX-HIBAL FRAGMENTS

C e | . i’

FRAGMENT 500 GRAIN 700 GRAIN 900 GRAIN
ROW POLAR POLAR _ | VELOCITY AV. POLAR
ANGLE ANGLE  [AVG. 0-15%') ANGLE
1 +12.0° + 9.5° 4100 7.3°
2 +7.3° + 5.0° 4200 3.4°
3 +4.2° + 2.5° 4300 1.2°
4 +2.3° +1.0° 4500 - 1.0°
5 +1.3° - 0.3° 4850 -1.8°
6 +0.1° - 1.4° 4500 - 2.3°
7 +0.3° - 2.0° 5000 - 3.2°
8 - 1.1° - 2.3° 5000 - 3.6°
9 - 1.4° - 2.2° 5100 - 4.4°
10 - 1.7° - 3.2° 4850 - 4.2°
11 - 2.1° - 3.1° 5100 - 4.9°
12 - 2.4° - 3.9° 5100 - 5.0°
13 - 2.9° - 3.8° 5300 - 5.2°
14 - 2.6° - 4.5° 5100 - 5.7°
15 - 3.5° - 4.3° 5300 - 6.1°
16 - 3.4° - 5.0° 5450 - 5.2°
17 - 3.8° - 4.6° 5450 - 6.5°
18 - 3.8° - 5.0° 5450 - 5.7°
19 - 3.5° - 4.8° 5450
20 - 4.5° - 5.0° 5450 - 5.3°
2 - 3.8° - 4.5° 5300
22 - 4.3° - 4.8° 5300
23 - 4.8° - 4.9° 5000
24 - 4.2°
25 - 4.3°
26 - 4.1°
27 - 4.1°
PAGE 429-10 FIGURE 429-7

ad

X e




—_p

) w»mom«-w PR

“

OY6ZHiOND L1S3L “A¥3IHYYM JHL 40
(N3 Y¥31S009 3H1 WOY¥4 3JONVLSIA HIONIT-40-Y3LINID INIWOVYJ
3HL 4O NOILONNS ¥ SV 379NV NOILJI3Ir3 ¥V10d LNIWOVYA

- g~
] ‘e ° -9
® ™ ) °
& O 4o
o0 ®% &, o *e . 1/
(SIHONI) QN3 ¥3LS008 WOU3 L
JONYLSIQ HI9NIT-J0-¥3INID INIWOVY ° ¢~ (s33¥93Q)
81 (T 9T ST %I €1 21 11 Ol 6 8 (L I9NY
y 'S i 1 1 9 1 [ 1 _{ 1 [ o ZOHHUNH-W
¥v10d
L 2 INIWIYY4
~ b
-9
-8
114
«1IV83A3. ~01
o Ly

1vM ,91/6 “°Q°0 w2/1-11

FIGURE 429-8

PAGE 429-11

AN

e R

e -




TEST QNO429A0

VERTICAL MEASUREMENTS (INCHES)® OF FRAGMENT HIT LOCATIONS
ON WITNESS SHEET

FRAGMENT 700-gr FRAGMENT WITNESS SHEET | .
ROW NUMBER [ COLUMN i COLUMN 2 | COLUMN 3 .
1 +29 y
2 +14 +14 14
3 + 54 E
4 +1 - 14 ;ﬁ
5 -5 g
6 - 9 -9 ;
7 12 :
8 -12} -143 ' 4
| 9 -14 |
’ 10 -18 -18 )
11 -18% ‘
12 -20% -22
13 -22 |
14 -24 -26 |
15 -25 :
16 -28 --- :
17 -274 |
18 -29 -30 ;
19 -28} |
20 -30 -32 }
21 -304 I
| 22 -304 -334 |
23 -33 £

*Coordinates measured from the top of warhead aimline.
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TEST QNO429A0

VERTICAL MEASUREMENTS (INcHES)™ OF FRAGMENT HIT LOCATIONS

ON WITNESS SHEETS

FRAGMENT 500-gr FRAGMENT WITMNESS SHEET
ROW NUMBER COLUMN 1 COLUMN 2 COLUMN 3 COLUMN 4

1 +37 +373
2 +214

3 +11 +11
4 + 43 +4

5 + 3 + 3
6 -4

7 - 5% -6
8 -9

9 -11 -10
10 -12

11 -14} -131
12 -153%

13 -17% -18
14 -174%
15 -21% -20%
16 -21 -21%

17 -24 -223%
18 -23 -25

19 -24 -23%
20 =27 -28

21 -26 -26
22 -27% -28}

23 -29} -284
24 -29

25 -30 -30
26 30

27 -31}% -30

*Coordinates measured from the top of warhead aimline.
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TEST QNO42SA0
VERTICAL MEASUREMENT (INCHES)® OF FRAGMENT HITS ON WITNESS SHEET

FRAGMENT 900-gr FRAGMENT WITNESS SHEET

ROW NUMBER [ COLUMN 1 COLUMN 2 COLUMN 3
1 +22
2 +9 + 81
3 +1
4 -6 -7
5 -10
6 -13 -121
7 -161
8 -194 -173
9 -22
10 -22 -223
11 -25 :
12 =274 -25 A
13 -28 ‘
14 -30% -30 :
15 -324 i
16 -31 -30 j
17 -35}
18 -33 -34} i
19 @
20 -331 -35 Y
*Vertical coordinates from top of warhead aimline. j

PAGE 429-14 FIGURE 429-11
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TEST ARENA
PAGE 429-15

TEST QNO42SA0

WARHEAD PRIOR TO
PLACEMENT
OF SHROUD

FIGURE 429-12
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TEST QNO514A0
11.5", 135-LB PREFORMED FRAGMENT/F IREFORMED
FRAGMENT COMBINATION WARHEAD




1 -

2.1.8 TEST 7, QNO514A0

2.1.8.1 DESIGN SUMMARY AND RATIONALE

This warhead was partly fireformed fragments and partly prefomed
fragments. The basic design characteristics of the warhead (Figures
514-1, 2, 3) were:

OUTSIDE DIAMETER: 11.5-inch

INSIDE DIAMETER: 2.875-inch
LENGTH: 14.0-inch
CASE THICKNESS: 0.5-inch

CASE MATERIAL:
Preformed fragments: SAE 4130, (RC40-42)
Fireformed fragments: SSS 100, (RC-42), HY-80, (RC40-43)
WARHEAD WEIGHT: 135-1b
SHROUD: Two steel skins, 0.020-inch inside,
0.030-inch outside, with l-inch uretnane
foam insulation between warhead and
inner shroud

The preformed hex-HIBAL fragments were all 0.485-inch thick, and were
the following sizes: 13/16-inch across flats (500-grain); 15/16-inch across
flats (700-grain); 1-1/16-inch across flats (900-grain). The fragments were
potted in laminac with a 0.015-inch outside skin.

The fireformed fragment case was grooved circumferentially to provide
15 rows of equal-length fragments, each 0.867-inch long. The spacing
between the longitudinal grooves was 0.625-inch, which provided for a
theoretical fragment weight of 540-grains (before any weight loss due to
fireforming).

'Two different materials, $S5-100 and HY-80, were tested in the
fireformed portion of the warhead to determine if the opposed grooving
technique was sensitive to choice of alloy.*

For the HY-80, both the longitudinal and circumferential groove-depths
were selected which had been successful for the SAE 4130 alloy in test 5,

For the $SS-100, with the metal remaining between the longitudinal
opposed grooves being held approximately constant, the internal and
external groove depths were varied. Circumferential grooves for the
$SS-100 were made slightly deeper on the non-booster end than the HY-80
to fully insure that the resulting circumferential groove breakout at
that end of the warhead would avoid the creation of doublets. The grooves

* Flat plates of each material were circumferentially grooved,
formed to the desired radius of curvature in a press, longitudinally
grooved, and then welded together to form the warhead case.

PAGE 514-1




at the booster end were made slightly shallower than those used with
HY-80, to determine if doublets would occur at the booster end of the

warhead,
HY-80 GROOVE DETAILS
LONGITUDINAL CIRCUMFERENTIAL
INSIDE QUTSIDE METAL GROOVE INSIDE QUTSIDE METAL
NEPTH DEPTH REMAINING NUMBER | DEPTH DEPTH REMAINING
(inch) (inch) (inch) (inch) | (inch) (inch) (inch)
0.100 0.160 0.240 1,2 0.100] 0.120-0.140 | 0.260-0.280
0.100 0.170 0.230 3,4,5 0.100) 0.180~0.200 | 0.200-0.220
--------------- 6-16 0.100{ 0.220-0.240 | 0.160-0.180
S§SS-100 GROOVE DETAILS
LONGITUDINAL CIRCUMFERENTIAL
INSIDE QUTSIDNE METAL GROQVE INSIDE OUTSIDE METAL
DEPTH DEPTH REMAINING NUMBER DEPTH DEPTH REMAINING
{(inch) (inch) (inch) (inch) | (inch) (inch) (inch)
0.130 0.130 0.240 1,2 0.100 | 0.100-0.120 )} 0.280-0.300
0.156 0.104 0.240 3-8 0.100 | 0.200-0.220 10.200-0.180
0.104 0.156 0.240 9-16 0.100 { 0.240-0.260 | 0.140-0.160
0.140 | 0.140 0.220 || =m---- B R, ) P DR
0.140 0.130 0.230 || e==-=- dermmamaa R e Celat e T L

2.1.8.2

DESCRIPTION OF TEST OBJECTIVES AND TEST ARENA

PAGE 514-2

The shroud (Figure 514-4) is the same as was used in the previous 11.5-inch
diameter warheads.

For the fireformed-fragment portion of the warhead the primary
objective was fragment recovery. In addition, witness sheets were placed
between each Celotex pack to provide evidence of fragment doubles, because
previous firings had indicated that some breakup of doublets into singles
may have occurred during impact with the Celotex.

For the preformmed hex-HIBAL portion of the warhead, fragment velocity
and pattern were the objectives.

The test arena is illustrated in Figure 514-8, and photographs of
the arena are presented in Figures 514-14 and 514-15,
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2.1.8.3 DESCRIPTION OF TEST RESULTS.

A. Fragment Quality

1. Fireformed Fragments

a. HY-80 Steel

The fragment breakout along the longitudinal grooves was good for
both choices of longitudinal grooving. However, breakout along the
circumferential grooves were not as good in that fragment multiples
(lengthwise) occasionally occurred everywhere except adjacent to the
booster end. (The booster-end row of fragments were good.) Example
fragments are presented in Figure 514-6.

b. SSS-100

The fragment breakout along the longitudinal grooves was excellent
for every choice but one - the choice which had 0.104-inch deep inside
grooves and 0,156-inch-deep outside grooves, wherein fragment scabbing and
partial fragments were prevalent, as shown in Figure 514-9. Some
fragment lengthwise multiples were recovered for all choices of circum-
ferential groove depths, indicating that depths of grooves were less
than required. Examples are shown in Figure 514-15.

The fragments were not weighed because the weight of strings of
fragments are meaningless.

2. Preformed Fragments

Witness sheet data indicated that no breakup of the prefonmed
fragments occurred.

B. Fragment Pattern and Velocity

1. Fireformed Fragments

This test was not designed to acquire pattern and velocity data for
fireformed fragment.

2. Preformed Fragments

A summary of the hex~-HIBAL-fragment polar-ejection angles and
velocities is presented in Figure 514-9. The hex-HIBAL fragment polar
ejection angles are plotted as a function of the fragment center-of-length
distance froam the booster end of the warhead in Figure 514-10. Tables
of the fragment hit locations are presented in Figures 514-11, 12, 13.
Photographs of the fragments pattern are presented in Figure 514-16.

PAGE 514-2a




1. Fireformed Fragment Warhead

2. The design requirements for achieving proper fireforming of
7 fragments with opposed longitudinal grooves have been well defined. The
metal remaining between the apexes of the longitudinal grooves should be
between 0,200 and 0.240-inch,

C. Conclusions . l
t .
|
}

b. The metal remaining between the apexes of the circumferential b
grooves must be less than 0.140-inch, probably about 0.100-inch, but the "
exact value remains to be demonstrated. 4

2. Preformed Fragment Warhead

There is no need fo further 11.5-inch diameter, 135-1b warhead tests.
Fragment quality, velocity and pattern characteristics were all within
the desired bounds, &

PAGE 514-2b .
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18" 0.D. x .030" STEE 14" 0.D. x .020" STEEL 1" URETHANE FOAM

15"

SHROUD FOR 11-1/2" 0,D., 135-LB WARHEAD
TEST QNO514A9
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INCHES

QNG514A0

RESULTING 3
FRAGMENT
SHAPE !

FRACTURE LINE

t
[} ‘
_________//*\\___________g//kiz_——-—————- (
ONGITUDINAL GROOVE
H.E. SIDE

FRAGMENT SHAPE RESULTING IN $SS-100 WHEN THE METAL REMAINING BETWEEN ;
LONGITUDINAL INSIDE AND OUTSIDE GROOVES IS .220", AND THE INSIDE f
AND OUTSIDE GROOVE DEPTHS ARE EQUAL '

PAGE 514-7 FIGWRE 51a-5 = 7|
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RESULTING

Y
/\/&
LONGITUDINAL GROOVE

H.E. SIDE

FRAGMENT SHAPE RESULTING IN HY-80 WHEN THE METAL REMAINING BETWEEN
LONGITUDINAL INSIDE AND OUTSIDE GROOVES WAS 0.230", AND THE
INSIDE LONGITUDINAL GROOVE WAS .100" DEEP

PAGE 514-8
3 FIGURE 514-6
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THESE FRAGMENTS
WERE SCABBED

QNG514A0

PESILTING
FRAGMENT
SHAPE

H.E. SIDE

FRACTURE
LONGITUDINAL GROOVE

REDUCED-WEIGHT FRAGMENTS RESULTING IN SSS-100 WHEN METAL REMAINING
BETWEEN INSIDE AND OUTSIDE LONGITUDINAL GROOVES WAS 0.240", AND INSIDE

LONGITUDINAL GROOVE WAS 0.104" DEEP

EXAMPLE FRAGMENTS FROM TEST QNOS514AQ
PAGE 514-9

FIGURE 514-7
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TARGETS AA - FF 4'x4'x8' CELOTEX PACKS H
TARGETS A - 0 4'x6' WITNESS SHEETS Py
TARGETS 1,3 4'x12' DOUBLE STLEL WITNLSS }j

SHEETS. 6" SPACING }-1
TARGETS 2,4 4'x6' SINGLE STEEL WITNESS SHEETS |

Py

=

N

:

HY - 80 ;

}5‘1

$SS-100 f
15’ E

15* .

xy/fmh

2
‘i
\ i
3 ,
i
FASTAX l

ARENA FOR *
TEST QNOS14A0
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TEST @QNO514A0

SUMMARY_OF FRAGMENT POLAR EJECTION ANGLE AND VELOCITY RESULTS
AVERAGE
FRAGMENT C.G. POLAR EJECTION ANGLES POLAR | VELOCITY
FRAGMENT | DISTANCE FROM ANGLE (0-15")
ROW BOOSTER END (IN)| 500-GR 700-GR 900-GR SUMMARY | (ft/sec)
1 1.0 +5.9 +5.9 4100
1 1.2 +5.0 +£,0
1 - 1.2 +6.0 +6.0 4100
2 1.7 +1.2 +1.2 4800
2 2.0 +1.3 +1.3
2 2.2 +2.7 +2.7 4700
3 2.4 -0.5 -0.5 4900
3 2.8 -1.0 -1.0
3 3.1 0 0.0 5000
4 3.1 -1.9 -1.9 5100
4 3.6 -1.9 -1.9
5 3.8 -3.2 -3.2 5400
4 4.0 -0.3 -0.3 5200
5 4.4 -3.2 -3.2
6 4.5 -4,3 -4.3 5400
5 4,9 -2.3 -2.3 5200
7 5.2 -4.9 -4,9 5400
6 5.3 -3.8 -3.8
6 5.8 -2.4 -2.4 5300
8 5.9 -5.6 ' -5.6 5400
7 6.1 -4.6 -4.6
9 6.6 -5.7 -5.7 5400
7 6.8 -3.4 -3.4 5300
8 6.9 -6.1 -6.1
10 7.3 -6.1 -6.1 5400
8 7.7 -4.4 -4.4 5500
9 7.7 -4.7 -4.7
11 8.0 -6.2 -6.2 5400
9 8.5 -4.1 -4,1 5300
10 8.6 -7.0 -7.0
12 8.7 -7.0 -7.0 5400
11 9,3 -5.8 -5.8
13 9.4 -7.1 -7.1 5400
10 9,5 -5.4 -5.4 5500
12 10.1 -7.5 -7.5
14 10.1 -7.2 -7.2 5400
11 10.4 -5.8 -5.8 5300
15 10.8 -7.8 -7.8 5400
13 10.9 -7.2 -7.2
12 11.4 -5,1 -5.1 5500
16 11.5 -7.4 -7.4 5400
14 11.8 -7.3 -7.3
17 12,2 -8.0 -8.0 5400
13 12.3 -5.5 -5.5 5300
15 12.6 -7.0 -7.0
18 12.9 -7.7 7.7 5400
14 13.2 -4.9
16 13.4 -7.7 -7.7
PAGE 514-11 FIGURE 514-9
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TEST QNOS14AQ
500-GRAIN HEX HIBAL FRAGMENTS

VERTICAL MEASUREMENTS OF FRAGMENT HIT LOCATION {INCHES)

RELATIVE TO THE TOP OF THE VARHEAD

FRAGMENT COLUMN
FRAGMENT
ROW 1 2 3 4 AVERAGE
1 +21.0 +12.0 +17.0
2 + 2.0 + 2.0 + 2.0
3 - 3.0 - 5.0 - 4.0
4 -10.0 - 8.0 - 9.0
5 -13.0 -14.0 -13.5
6 -18.0 -17.0 -17.5
7 -21.0 -19.0 -20.0
8 -24.0 -22.0 -23.0
9 -24.0 -24.0 -24.0
10 -26.0 -26.0 -26.0
11 -27.0 -27.0 -27.0
12 -31.0 -29.0 -30.0
13 -30.0 -32.0 -31.0
14 -34 -30.0 -32.0
15 -35.0 -34.0 -34.5
16 -35.0 -33.0 -34.0
17 -37.0 -36.0 -36.5
18 -37.0 -36.0 -36.5
PAGE 514- 13 FIGURE 514-11
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TEST QNOS514AQ

N e g

700-GRAIN HEX HIBAL FRAGMENTS
VERTICAL MEASUREMENTS OF FRAGMENT HIT LOCATION (INCHES)
RELATIVE TO THE TOP OF T!E WARHEAD

FRAGMENT COLUMN
FRAGMENT 5
ROW 1 2 3 AVERAGE :
1 +14.0 +14.0
2 + 2.0 + 2.0 + 2.0 j
3 - 6.0 - 6.0 f
4 - 9.0 -10.0 - 9.5 |
5 -14.0 -14.0 i
6 -18.0 -16.0 -17.0 |
7 -20.0 -20.0 |
8 -24.0 -27.0 -25.5 ;'
9 -22.0 -22.0 t
10 -29.0 -31.0 -30.0 f
11 -27.0 -27.0 |
12 -33.0 -33.0
13 -33.0 -33.0 :
14 -34.0 -34.0 t
15 -34.0 -34.0
16 -37.0 -37.0
PAGE 514-14 FIGURE 514-12 i A
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TEST QNO514A0

900-6RAIN HEX HIBAL FRAGMENTS
VERTICAL MEASUREMENTS OF FRAGMENT HIT LOCATION (INCHES)
RELATIVE TO THE TOP OF THE WARHEAD

FRAGMENT COLUMN
FRAGMENT
ROW 1 2
1 +17.0
2 +6.0
3 - 3.0
4 - 5.0
5 -12.0
6 -13.0
7 -17.0
8 -21.0
9 -21.0
10 -26.0
11 -28.0
12 -27.0
PAGE 514- 15 FIGURE 514-13
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2.2 SUMMARY OF WARHEAD TEST RESULTS

2.2.1  SUMMARY, PREFORMED-FRAGMENT WARHEADS

The comparison of predicted and measured fragment velocities and
polar ejection-angles for each of the tuur warhead sizes are presented
in tables 2.2.1 thru 2.2.4.

2,2.1.1 VELOCITY

For the 8-inch diameter, 80-1b, and the 11.5-inch diameter, 135-1b
warheads the measured values were close to the predicted values, and
slightly lower than the predicted values for the 11.5-inch diameter,
200-1b warhead and the 19-inch diameter, 200-1b warhead. The fragment
velocities fran the 11.5-inch diameter, 200-1b warhead were still
within the range of desired fragment velocities (5000-5500-ft/sec}), but
the velocities from the 19-inch diameter, 200-1b warhead were below this
range.

2,2.1.2 POLAR ANGLE

For the 8-inch diameter, 80-1b warhead the measured polar ejection-
angles were very close to the predicted values, For the 11.5-inch diameter,
135-1b warhead, the measured ejection-angles were close to the predicted
except for the two end-rows of fragments, which did not spread as nuch
as predicted. For the 11.5-inch diameter, 200-1b warhead the fragment
ejection-angles near the booster-end of the warhead were very close to
predicted, but the fragments near the non-booster end did not spread as
much as predicted. For the 19-inch diameter, 200-1b warhead, the three
rows of fragments nearest the booster-end, and the row of fragments
furthest from the booster-end did not spread as much as predicted. The
re?aining 10 rows of fragments in this warhead were close to the predicted
values.

2,2.1.3 FRAGMENT QUALITY

The preformed hex HIBAL fragments lost no fragment weight from
either the detonation or fram perforation of the shrouds or the recovery
medium. Minor fragment deformation, resulting fram the explosive sweep,
occurred in each of the tests,




2.2.2 SUMMARY , FIREFORMED-FRAGMENT WARHEADS

For the 8-inch, 80-1b; the 11.5-inch, 135-1b; and the 11.5-inch,
200-1b fireformed-fragment warheads; the comparison of predicted and
measured polar ejection-angles and velocities are presented in tables
2.2.5 thru 2.2.7. For the 19-inch diameter, 200-1b warhead, no table
comparing actual vs predicted values was prepared because; (&) no useful
polar angle data was acquired, and (b) che velocity bounds established
from the data did not permit a row-by-row comparison to be made.

2.2.2.1 VELOCITY

The fragment velocities for the 8-inch, 80-1b; 11.5-inch, 135-1b;
and the 11.5-inch, 200-1b warheads, were close to the predicted values.
For the 19-inch, 200-1b warhead, the highest fragment velocities were
about five percent less than the predicted value* for this size warhead
without shroud. The velocity bounds defined by the data fram the 19-inch
test strongly suggest that the velocity of the fireformed fragments will
conform to the prefommed-fragment-velocity characterization, for the
same c.g. locations and shroud conditions.

2.2.2.2 POLAR ANGLE

The measured polar ejection-angles for the 8-inch diameter, 80-1b
warhead were close to the design values of polar ejection-angles.,
Improper lengthwise pairings of fragments occurred in the tests
of the other three sizes of warheads, which altered the fragment polar
ejection-angles. Thus the resulting fragment patterns were narrower than
predicted, a natural result of the unwanted, lengthwise pairings of
fragments. On the basis of comparative data from subsequent tests
(QNO811A0 and QNO819A0) it appears to be safe to assume that the polar
angle distribution for the fireformed fragments will be essentially the
same as for preformed fragments having the same c.g. locations and end
configurations.

2.2.2.3 SUMMARY OF THE EFFECTS ON FRAGMENT QUALITY OF VARIATIONS
IN OPPOSED-GROOVE DESIGNS

The data demonstrate that when the opposed grooves are designed
properly, loss of fragment weight in fireforming can be limited to
between ten and fifteen percent.

* {Using the Brown-Modified Gurney Equation, see footnote
in Appendix II1.)

PAGE 10




A. Included Angle

The included angle of the grooves was maintained at 37 degrees for
all the fireformed-fragment-warhead tests and, thus, the effects of
variations in groove angle on resulting fragment quality cannot be
ascertained from the warhead test data. (NOTE: The mat firing data
(Appendix I) indicated that relatively wide angle grooves (90°-120°)
require the presence of a relatively derse inert filler material in the
outside grooves to achieve proper fragment fireforming.)

B, Llongitudinal Grooves

The test results indicate that fragment quality is primarily a
function of the metal remaining between the apexes of the opposed grooves,
Best results were obtained when the metal remaining between inside and
outside grooves was a maximum of 0.220-inch to 0.240-inch. When the
metal remaining between the apexes of the grooves exceeds this value,
undesirable results such as partial fragments or fragment "“borrowing"
from its neighbor occur., Data from Test QNO514A0 show that the resulting
fragment quality is not sensitive to the ratio of the depths of the
inside and outside grooves as long as the remaining metal value is
0.220 to 0.240-inch; The loss of metal removed from the case by the
grooving process is minimized when the inside and outside grooves are
of eqal depth. Spacing between longitudinal grooves was varied from
0.625-inch to 1.188-inch with no apparent effect on fragment quality.

C. Circumferential Grooves

The metal remaining between the apexes of the inside and outside
grooves must not exceed "threshold" limits, to prevent fragment
lengthwise pairing. For the 8"-diameter, 80-1b warhead the opposed
groove design was adequate to achieve proper fragment breakout, (i.e.
with no lengthwise pairings). For the other three warhead sizes, the
depths of the opposed grooves were not adequate (in that too much metal
remained between the apexes of the grooves), and lengthwise pairings of
fragments resulted on the non-booster-end-half of the warhead. It is
estimated that proper lengthwise breakout will be achieved when the
metal remaining between the apexes of the grooves is 0.100-inch,

When the inside groove depth exceeds 0.120-inch, the inside non-
booster-end edge of the fragment is broken off by the detonation.

PAGE 11
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2.2.2.4 SUMMARY OF THE DESIGN EVOLUTION FOR THE FIREFORMED FRAGMENT,
OPPOSED GROOVE, WARHEADS

The results of the fragment mat tests were used to design the first
fireformed warhead test, QN0225A0, which was 8-inch diameter, 0.488-inch
case thickness. Excellent fireforming results were achieved in this
first test.

The second and third tests, QN0311A0 and QNO328A0 represented a
change in both warhead diameter and warhead case thickness. There were
several design approaches for opposed grooving which were possible.
Proper fireforming of fragments could be dependent on:

1. The depths of the inside and outside grooves (or
sum of the depths).

2. The ratio of the depths of the grooves to the
case thickness.

3. The metal thickness remaining between the apexes
of the opposed grooved.

Design approaches 1 and 2 were pursued in tests QNO311A0 and
ONO32BA0. The results of these tests demonstrated that the design
approaches were not the correct ones to follow,

In test QNO409A0, the design approach was changed to provide for
the metal thickness remaining between opposed grooves to bracket those
values which were successful in the first test QNO225A0.

Excellent fragments were recovered in test QNO409A0; however, the
Celotex recovery medium contributed to breaking the fragments at the
circumferential grooves (a fact which was not recognized until the results
of the following test were obtained).

Test NN0429A0 served io provide upper hounds on the metal thickness
remaining between longitudinal grooves for proper fireforming, and
demonstrated that too much metal remained between the opposed circumferen-
tial grooves,

In test QNO514A0, circumferential groove depths were significantly
increased so as to reduce the metal remaining between opposed grooves.
However, this increase in groove depth proved to be insufficient.

Subsequent tests (QNO811A0 and QNO819A0) of 60-degree sectors of the
19-inch annular warhead, using the groove depths and groove spacings
associated with the follow-on warhead designs contained in this report,
have yielded fragments that broke up as desired, had good shape charac-
teristics, weighed within 2% of their design weight and had a polar
ejection pattern that was essentially identical to the pattern measured

for the preformed fragments fired from this 19-inch warhead in test
No. QNO40Q9A0.
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TABLE 2.2.1

AND POLAR EJECTION ANGLES FOR THE 8-incH DIAMETER, 80-LB

I COMPARISON OF PREDICTED AND MEASURED FRAGMENT VELOCITIES
' PREFORMED HEX HIBAL WARHEAD, FOR 700-GRAIN HEX HIBALS

FRAGHENT POLAR EJECTION ANGLE (degrees) FRAGMENT VELOCITY (ft/sec)
RO PREDICTEN FEASURED ~ PREDICIED McASURED
I* + 4.7 + 4.7 4100 4300
2 + 1.2 + 1.2 4300 4800
3 - 0.7 - 0.7 4600 5000
4 - 1.8 - 1.8 4800 5200
5 - 2.7 - 2.7 5000 5400
6 - 3.2 - 3.2 5100 5400
7 - 3.6 - 3.6 5200 5500
8 - 3.9 - 3.9 5300 5500
9 - 4.2 - 4,2 5400 5600
10 - 4.3 - 4.3 5500 5700
11 - 4.7 - 4.7 5500 5600
12 - 5.4 - 5.4 5500 5600
13 - 5.5 - 5.5 5500 5600
14 - 5.7 - 5. 5400 5500
15 - 5.8 - 5.8 5300 5600
16 - 6.1 - 6.1 5000 5400

* Row of fragments

closest to booster end of warhead
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TABLE 2.2.2

COMPARISON OF PREDICTED AND MEASURED FRAGMENT VELOCITIES
AND POLAR EJECTION ANGLES FOR THE 11.5-1NcH DIAMETER, 135-LB
PREFORMED HEX HIBAL WARHEAD, FOR 700-GRAIN HEX HIBALS

FRAGRENT | POLAR EJECTION AMGLE (degrees) [ FRAGHENT VELOCITY (ft/sec) ;

ROW PRENICTED MEASURED || PREDICTED HEASURED g

1 +10.0 +5.0 4450 4100 {g

+ 3.0 + 1.3 4900 4750 ﬁ

3 0 - 1.0 5000 4950 %i

4 - 1.3 - 1.9 5350 5200 h

5 - 1.9 - 3.2 5550 5300 '

6 - 2.6 - 3.8 5600 5350 L

7 - 4.8 - 4.6 5650 5400 :

8 - 8.9 - 6.1 5650 5400 |
9 - 5.8 - 4.7 5700 5400
10 - 5.8 - 7.0 5700 5400
11 - 6.2 - 5.8 5700 5400

12 - 6.3 - 7.5 5700 5400 i

13 - 6.6 - 7.2 5650 5400 i

14 - 6.8 - 7.3 5550 5400 ]
15 - 7.8 -7.0 || 5350 5400

16 -11.0 - 7.7 5000 5400 |

i

* Row of fragments closest to booster end of warhead
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TABLE 2.2.3

COMPARISON OF PREDICTED AND MEASURED FRAGMENT VELOCITIES
AND EJECTION ANGLES FOR THE 11.5-1NcH DIAMETER, 200-LB PREFORMED
HEX HIBAL WARHEAD, FOR 700-GRAIN HEX HIBALS

[FRAGMENT ]

POLAR EJECTION ANGLE {degrees)

FRAGHMENT VELOCITY (tt/sec

ROM PREDICTED MEASURED PREDICTED MEASURED
1* +10.0 + 9.5 4300 4100
2 + 5.0 + 5.0 4600 4200
3 0 + 2.5 5200 4300
4 - 1.0 + 1.0 5300 4500
5 - 2.0 - 0.3 5400 4850
6 - 3.0 - 1.4 5500 4500
7 - 3.5 - 2.0 5600 5000
8 - 4,0 - 2.3 5700 5000
9 - 4.5 - 2.2 5700 5100

10 - 5.0 - 3.2 5700 4850
11 - 5.8 - 3.1 5800 5100
12 - 6.0 - 3.9 5800 5100
13 - 6.2 - 3.8 5800 5300
14 - 6.3 - 4.5 5900 5100
15 - 6.6 - 4.3 5900 5300
16 - 6.8 - 5.0 5900 5450
17 - 7.0 - 4.6 5900 5450
18 - 7.0 - 5.0 5800 5450
19 - 7.0 - 4.4 5800 5450
20 - 7.5 - 5.0 5600 5450
21 - 8.0 - 4.5 5500 5300
22 - 9.0 - 4.8 5400 5300
23 -11.0 - 4.9 5200 5000

P N N L MM e APV o ;B s

PAGE 15

* Row of fragments closest of booster end of warhead

e

e e gt e e e —
R FRAEAAA




TABLE 2.2.4

COMPARISON OF PREDICTED AND MEASURED FRAGMENT VELOCITIES
AND POLAR EJECTION ANGLES FOR THE 19-INcH DIAMETER, 200-LB PREFORMED
HEX HIBAL WARHEAD, FOR 700-GRAIN HEX HIBALS

[FRAGHENT POLAR EJECTION ANGLE (degrees) FRAGHENT VELOCITY (ft/sec)]
ROM PREDICTED MEASURED PREDICTED HEASURED

1* +25.0 +15.0 4600 3500

2 +8.8 +4.9 " 4850 3900

3 + 5.0 + 0.8 5050 4300

4 0 - 0.7 5250 4500

5 - 1.5 - 2.6 5400 4600

- 2.5 - 3.5 5500 4700

7 - 3.0 - 4.6 5600 4800

8 - 4.0 - 4.2 5600 4900

9 - 4.5 - 5.5 5600 4900

10 - 5.0 - 5.3 5600 4300

11 - 5.5 - 6.1 5500 4900

12 - 5.5 - 6.0 5400 4800

13 - 8,0 - 7.6 5200 4600

14 -15.0 -10.3 5000 4500

*Row of fragments closest to booster end of warhead
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TABLE 2,2.5

COMPARISON OF PREDICTED AND MEASURED FRAGMENT VELOCITIES
AND POLAR EJECTION ANGLES FOR THE 8-INcH DIAMETER, 80-LB
FIREFORMED HIBAL WARHEAD

FRAGTENT ]|__POLAR FJECTION AWGLE (deqrees) || FRAGHENT VELOCITY (ft/sec)
ROW PREDICTED MEASURED ||_PREDICTED EASURED

1* + 5.1 + 8.5 4100 4500

2 - 1.0 + 4.1 4300 4300

3 -3 - 1.0 4600 4800

4 - 1.9 - 1.9 4800 5300

5 - 2.6 - 3.6 5000 5300

6 - 4.8 - 4.2 5100 5300

7 - 4.9 - 5.0 5200 5300

8 - 5.8 - 5.6 5300 5300

9 - 5.8 - 5.6 5400 5500

10 - 6.2 - 5.8 5500 5500

11 - 6.3 - 6.3 5500 5500

12 - 6.6 - 6.7 5500 5500

13 - 6.8 - 6.3 5400 5300

14 - 7.2 - 6.2 5300 5300

h 15 - 7.8 - 5.6 5000 5300

* Row of fragments closest to booster end of warhead.

PAGE 17

o

[ S
e e ik NS e

ERNVOE RN o S

L e et SN




TABLE 2.2.6

COMPARISON OF PREDICTED AND MEASURED FRAGMENT VELOCITIES
AND POLAR EJECTION ANGLES FOR THE i1.5-incH 0.D., 135-LB
FIREFORMED HIBAL WARHEAD

FRAGMENT POLAR EJECTION ANGLE (dearces) FRAGHENT VELOCITY {ft/sec)
ROW PRENICTED AEASURCD® || PRLDICTLD MEASIRED
1+ +20.0 +17.6 4450 4800
2 - 1.0 - 1.0 5150 5200
s | -1 | +3.3 5350 5500
4 h - 1.9 - 0.4 5550 5500
5 | - 2.6 - 2.5 5600 5500
6 | - 4.8 5650 5500
7 - 4.9 5650 5500
8 “ - 5.8 5700 5500 f
9 4 - 5.8 5700 5500 |
10 - 6.2 5700 5500 ]
11 L - 6.3 5700 5500
12 - 6.6 5650 5500 i
13 P - 6.8 5550 5500
14 - 7.8 5350 5200
15 ~-11.0 - 7.1 5000 5200

+ Row of fragments closest to the booster end of warhead.

* Fragment lengthwise pairs made it impossible to provide specific
values for fragment rows 3 through 14, Al1l hits fell between -2.5°
and -7.1°, however,
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TABLE 2.2.7

COMPARISON OF PREDICTED AND MEASURED FRAGMENT VELOCITIES
AND POLAR EJECTION ANGLES FOR THE 11.5-1ncH DIAMETER,

FRAGMENT POLAR EJECTION ANGLE (degr-es) FRAGHENT VELOCITY (ft/sec)
ROW PREDICTED MEASURED® || _PREDICTED HEASURED
1+ +7.0 +9.5 4600 4500
2 - 1.0 +4.5 5200 4700
3 - 1.3 +1.9 5400 4800
4 - 1.9 - 0.5 5500 5000-5300
5 - 2.6 - 4.0 5600 5000-5300
6 - 4.8 5700 5000-5300
7 - 4.9 5700 5200-5700
8 - 5.8 5700 5200-5700
9 - 5.8 5800 5200-5700
10 - 6.2 5800 5200-5700
11 - 6.3 5800 5200-5700
12 - 6.6 5900 5200-5700
13 - 6.8 5900 5200-5700
14 - 7.0 5800 5200-5700
15 - 7.5 5800 5200-5700
16 - 8.0 5600 5200-5700
17 - 8.5 5500 5200-5700
18 - 9.0 5400 5200-5700
19 -11.0 - 7.5 5000 5200-5700

+ Row of fragments closest to the booster end of warhead.

* Because some fragment lengthwise pairing and some breakup occurred,
specific values of polar ejection angle cannot be assigned fragment rows

6 through 19,

A1l hits occurred between -4,0° and -7.5°, however,
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3.0 CONCLUSIONS

In general, the Preliminary Warhead tests have demonstrated that the
original design criteria can be satisfied by both preformed and fireformed
warhead designs,

3.1 CONCERNING FRAGMENT EJECTION CHARACTERISTICS

3.1.1 FRAGHENT VELOCITY (Fireformed vs Preformed)

For equal charge-to-metal ratios and equal shroud conditions there
is no significant difference between the fragment velocities achieved with
a fireformed fragment case and the fragment velocities achieved with a
preformed fragment case.

Ejection velocities can be accurately predicted, as described in
Section 3.4,

3.1.2 POLAR ANGLE

Polar ejection angles can be accurately predicted for both the
fireformed and preformed fragments with the methodologies presented in
Section 3.4 and in Appendix I1I, with the exception of the row of fragments
nearest each end of the warhead, The end row of fragments is very
sensitive to the end configuration, and changes in the polar ejection angle
as a function of the end configuration cannot, at this time, be predicted
with confidence.

3.2 CONCERNING THE OPPOSED GROOVE FIREFORMING TECHNIQUE FOR GENERATING
HIBAL FRAGMENTS

The results summarized in Section 2.2.2 demonstrate the feasibility
of generating fireformed fragments with the shape and toughness needed to
qualify as HIBAL-type fragments, fram all four warhead sizes.

3.3. WARHEAD MODELS FORMULATED FOR USE IN END GAME ANALYSES

The warhead models which were formulated for use in the end game
analysis during the next phase of HIBAL effort are presented in
Tables 3.3.1 through 3.3.8. A high level of confidence is placed in
the ability of the warhead designs described in Tables 3.3.9 and 3.3.10
to generate fragments having the characteristics given in Tables 3.3.1
through 3.3.8.
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3.4 GUIDELINES FOR THE DESIGN OF FUTURE WARHEADS

3.4.1 VARHEAD CHARACTERIZATION

Curves presented in Figures 3.4.1 through 3.4.4 can be used to
predict fragment ejection-angles and veiocities for each of the four
warhead sizes presented herein, and are deemed adequate for predicting
either preformed or fireformed fragments.

It should be noted that changes in the design of the ends of the
warhead can significantly alter the fragment ejection characterization
near the ends,

3.4,2 OPPOSED-GROOVE DESIGN

When designing warheads utilizing the opposed groove technique,
caution should be exercised when designing fragment sizes. The metal
weight removed in the both the grooving process and firefomiing process
must be planned for.

3.4,3 Structural Strength

Because of the deep grooves required to produce good breakup of
the warhead case, there is no structural advantage of the solid-case,
opposed-groove design, over a preformed fragment design having inner
and outer stress skins.
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4.0 EVALUATION OF UNCERTAINTIES

4.1 FOR BOTH PREFORMED AND FIREFORMED FRAGMENT WARHEADS

4,1.1 END CONFIGURATION

Missile attachment structural details are likely to have a signifi-
cant effect on the velocity and polar ejection angles of the fragments
Jocated closest to the ends of the warhead.

4.1,2 SHROUD DETAILS

The missile shroud used in any given application may differ from
the simulations used in these tests and this may significantly alter
the effect on fragment velocity, ejection angles, shape and weight.

4.2 PREFORMED FRAGMENT WARHEADS

4.2.1 SKIN THICKNESS

The skin thickness (both inside and outside) necessary to meet
environmental and/or structural requirements in any given application
may differ significantly fran the thickness used in these tests. The use
of different skin thicknesses may significantly affect fragment polar
ejection angle, velocity, shape and weight.

4.3 FIREFORMED FRAGMENT WARHEADS

4,3,1 FRAGMENT CASE ALLOY

Opposed groove designs may change, in termms of the metal thickness
between the apexes of the opposed grooves, for differing alloys. No
problem is foreseen in developing an opposed groove design which will
properly fireform fragments for most alloy steels, or mild steels,
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TABLE 3.3.1

WARHEAD CHARACTERIZATIONS

PREDICTED FOR 8-1ncH DIAMETER x 80-t.B WARHEADS
CONTAINING PRLFORMED HEX HIBAL FRAGMENIS

(BASLD ON DATA OBTAINED FROM TEST NO. QNG319A0)

FRAGHENT DETAILS

—_FRAG._WT, 500-grain 706-grain v 500-ardin
JOIAL 1. 50 352 266 -
[ WIDTH ACRUSS
FLATS 7/8 1 1-1/8
L (inch)
THICKNLSS
(inch) 0.42 0.42 0.42
FRAGMENT EJECTION CHARACTERISTICS (1)
ROW NO POLAR ANGLE | VELOCITY POUAR ANGLE [ VEIOCITY POUAR AGLE T VELDCITY
. . 1
T {degrees) (ft/sec) {degrees) (ft/scc) (degrees) (ft/sec) |
2) (3 !
+4.5 4300 +4.0 4300 43,8 qa00" !
2 +1.0 4700 +1.0 4700 0.5 4500 |
3 0.0 5000 -1.0 5000 1.5 5100 |
4 -1.5 5200 -2.0 5300 -2.5 5300 _
5 2.5 5300 3.0 5400 -3.5 5500
6 3.0 5400 3.5 5500 4.0 5600
7 3.5 5500 2.0 5600 4.5 5600
8 4.0 5600 3.5 5600 5.0 5700
9 4.0 5600 5.0 5700 5.0 5700 |
10 -4.5 5700 -5.0 5700 -5.5 5700
11 -5.0 5700 -5.5 5700 -5.9 5700
12 -5.0 5700 -5.5 5700 -6.0 5700 _ |
13 5.5 5700 5.5 5700 6.0 5600
14 -5.5 5700 -6.0 5600 -6.0 5500
15 -6.0 5700 -6.0 5600
16 -6.0 5600 -6.0 5500
17 -6.0 5600
18 -6.0 5500
B (2)
NOTES :

(1) Polar angle is given from the fragment €.g. relative to a normal to the warhead

axis through that c.g. Plus angles are toward the booster end.

Velocity is the

estimated average velocity measured over the first fifteen feet of travel in a
static arena test, including losses through shroud(s) and insulation.
{(2) A and B are end-ring rows.
(3) Booster end.
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TABLE 3.3.2 5

WARHEAD CHARACTERIZATIONS

PREDICTED FOR 8-1ncH DIAMETER x 80-1B WARHEADS
CONTAINING FIREFORMED HIBAL FRAGMENTS

(BASED ON DATA OBTAINED IN TEST NO. QNO225A0) , ‘

FRAGREHT DETATLS (1)

FRAG. W1, 500-qrain 700-grajn 900-arain_
TOTAL 1. 504 375 286
CIRCUMFERENT AL -
WIDTH: e
INSTRE 0,799 0.895 1.017 L
Tbju(‘s'l_‘oﬁ 0.898 1.005 i 1.147 7
LONGITUDTHAL
WIOTH: 0.833 1.0 4
THICKHFSS 0.4375 0.437% )
o _FRRGMENRT EJECTION CHARACTIRISTICS (2) — A
FRAGMENT ROW POLAR ANGLE | VELOCITY | POLAR ANGLE | TVETOCITY | POLAR ANGLE ] VELOCITY 13
_{degrees) | (ft/sec) (degrees) | (ft/sec) ! (degrees) (ft/sec) | 3
1 (3) +14.0 4300 +13.5 4400 113.0 Gau0 ;
Z 8.0 4600 + 6.0 4600 + 5.0 4700
3 ¥ 3.0 4800 +1.5 4100 0.0 A000 ] '
4 + 0.0 4900 | - 1.0 5000 ) U | $
5 - 1.5 5100 - 3.0 5200 N I T | 1
6 - 3.0 5200 - 4.0 5300 - 50 5300 ] I
7 - 4.0 5300 - 5.0 5400 - 5.5 00| |
8 - 5.0 5400 - 55 5400 - 6.0 5566 :
9 - 5.5 5400 - 6.0 5500 - 6.5 5530 ,
10 - 6.0 5400 - 6.5 5500 - 6.5 5530 !
11 - 6.0 5500 - 6.5 5500 - 6.5 T 5400 :
12 - 6.5 5500 - 6.5 5400 - 6.0 5300 .
13 - 6.5 5500 - 6.5 5400 - 5.5 5300 k
14 - 6.5 5500 - 6.0 5300
i5 2 6.5 5400 5.5 5300 F
6 - 6.5 5400 |
7 - 6.0 5300 ;
8 - 5.5 5300 :
') E
[
|
NOTES : ‘
— t

1) A1) linear dimensions are in inches.

2) Polar angle is given from the fragment c.g. relative to a normal to the warhead
axis through that c.g. Plus angles are toward the booster end. Velocity is the
estimated average velocity measured over the first fifteen feet of travel in a
static arena test, including losses through shroud(s) and insulation.

(3) Booster end.

4
E
i
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TABLE 3.3.3

&
WARHEAD CHARACTER1ZATIONS .
PREDICTED FOR 11,5-1ncH DIAMETER x 135-LB WARHEADS -
CONTAINING PRCFORMED HEX RIBAL FRAGHENTS
(BASED ON DATA OBTAINED IN TEST NO. QNOS514A0) o

= t
X FRAGHMENT DETAILS "
» FRAG. Wi, 500-grain 700-grain_ 900-grain L

YOTAL N0, 720 560 403 f
WIDTH ACROSS y
FLATS 13/16 15/16 1-1/16 i4
{inch) ‘ 2
THICKNESS :
(inch) 0.485 0.485 0.485 )é
g
, ;
FRAGMENT EJECTION CHARACTERISTICS (1) i
ROW NO POLAR ANGLE | VELOCITY | POLAR ANGLE | VELOCITY | POLAR ANGLE | VELOCITY &
. (degrees) (ft/sec) (degrees) (ft/sec) {degrees) ((L/secj_1 j
& (2] (3] .
] +6.0 4100 +5.0 4100 +5.5 4750 | v
? +1.0 34300 +1.5 4750 +2.0 4600 | ]
3 0.5 4900 -1.0 4950 0.0 4500 i
L] 2.0 5100 22.0 5200 1.0 5150 i
5 3.0 5400 3.5 5300 =2.0 5300 k)
6 4.0 5400 4.0 5350 3.0 5400 | 1

7 -5.0 5400 -5.0 5400 -3.5 5350 i
8 -5.5 5400 °5.5 5400 ) 5500 i
9 6.0 5400 6.0 5400 45 5500 ;
0 6.0 5400 -6.5 5300 5.0 5550 H
11 6.5 5400 -7.0 5400 5.0 5450 .

2 27.0 5400 7.0 5400 -5.5 5400 f

3 7.0 5300 7.0 5400 6.0 5350 |

] 7.5 5400 7.5 5300
5 =7.5 5400 =7.5 5400 ;
6 8.0 5200 8.0 5400

7 8.0 5400 i
8 -8.0 5400 b

8 (2} | i

A L.

NOTES :

(1) Polar angle is given from the fragment c.g. relative to a normal to the warhead :
axis through that c.g. Plus angles are toward the booster end. Velocity is the :
estimated average velocity measured over the first fifteen feet of travel in a
static arena test, including losses through shroud(s) and insulation. i

(2) A and B are end-ring rows.

(3) Booster end.
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TABLE 3.3.4

WARHEAD CHARACTERIZATIONS (4)

PREDICTED FOR 11,5-1ncy DIAMCTER x 135-1 1 WARKLCADS
CONTAINING FIREFORMLD HIBAL FRAGHMENTS

(BASED ON DATA OBTAIRED IN TEST NO. QNO514A0)

. - FRAGMINT DEVATIS(ny —— ———— ™~
[ FRAG. WT. T B00-qradn | j00-arain 900-grain |
T roval koL T A - 555 ) 429
CIRCUNTERUNTIAL
WIDiH:
CANSTRE ) 0.767 1.000 )
L owsi 0.840 R L L
CORGLTUDIHAL
S 10 1L O 9;??{v ‘1;91{_ o
_anIeRNsS T AU P D S U
FRAGMINT LJLCTION CHARACTERISTICS (7)
AHONT ROV POUAR ARGLL | VELOCITY [ POLAK ANGLET ] VELGCT iy ) TR0 sl e Veroe Ty
FRAanf;RQﬂ degrees) | (ft/sec) | (degrees) | (ft/sec) | (degrees) {ft/s0)
1(3) TP M B LS I O U V< ¢ S X O D e L
A Ay Ao 2.0 aby Goud |
3 0o &70u A LEOHE aes T
L 1. T 0 S U
5 __=2.5 .0 5 5360 |
6 =35 .0 ) o BA0D
/A N b 40 oAby
S 45 ) G50 huo ]
9 N kS 655 oL
0 R o L0 !
17 6.0 0 hb(: ,
i7 6.0 5 5 .0 ;
13 6.5 55007 -7 5400 -7.0 '
14 -6.5 TS0 YN T
15 10 5400 -7.0 B30 T
16 =7.0 5A00 i -
17 -7.0 5300
NOTES:

—
) —
Nt

axis through

that c.aq.

A1l lincar dimensions are in inches.
Polar angle is given from the fragment c.g. relative to a norial to the warhead
Plus angles are toward the booster end.

Velocity 15 the

estimated average velocity measured over the first fifteen fect of travel in a
static arena test, including losses through shroud(s) and insulation.

(3) Beoster end.

(4) The characterizations shown on this page reflect the aata from
the relevant tets reported herein, but are nol Lo be used for

the sccond phase HIBAL end-game analysis.

76

See hotle 4
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TABLE 3.3, 4A

WARHEAD CH/\RACTERx ZATIONS
PREDICTED FOR 11.5-1IncH DIAFETER % 13%-tn WARBEADS
CONTAIRIKG FIREF ().\|'.n.1) HIBAL FRAGHERTS
(BASED ON DATA ODTAIKRLD IN TEST N0, QHO926A0) (4)

]
T I L A S A L T T 6 1 R »
TRRACTWTTT T T C00-grain T T TTTTRG0 Cea iy 19
OO0 N, T Ty R Ay T b5
CIRCUIM EREI T TAL I
Wyl )b B (]
(IR A A v A AN doco b A
o T 0.6 _ 10, - [
LORGLTUI 1AL T LT i T T i
\mlmn 0.824 1.077 :
T S Bk . O |
. T - Ll ¢
T m U‘(). u-;\: fctaw Ty
—— - -,.A,,._., _— . - - ¢
POLAR GTUTTY (RO VLGt Y RO TR R U R -
ANGLE AVG.O-15" JARGRN AVG. 0-14° /\f:'.' : AVGLG- 8! '
(dthvu )| Gtgsec) | (dogres) (f1/a00) | (doms nx‘ {1er0)

Y /(O S 5 IR B 1 Y B S P LR |
BRIV R ¢ 42060 ,,*. f}_
oA YT ey T Tasko T T e .
Tapop TN LY T e T T 0 |
U6 R R S i
IR R S D B A )

L300 Tna007 R .
5400 T LAGY Laun T ?
O Twang TUUha00 Tyuan T :
THA00 6 Y ToagT b
U R T I XU T o [
5400_'; A 51 R T coT T .
KO T [ LI D - ‘[
A')um N N A T 1
U R A R

NOTES:

{1} A1 linecar dirensions are in inches.

(2) Polar angle is given from the fragment c.q. relative to a normal to the warhead
axis through that c.q. Plus angles are toward the booster end. Velacity is the
estimated avercye velocity weasured over the first {iftcen feot of travel in a
static arcena Lest, including losses through shrovdls) and {fnsulation.

{3) Bouoster end. !

(4) The charvacterizations given on this page ave based upon the \
results oblained from Test No. QHOOZ6A0, which is not reported
herein,  The 135-1b warhead tested in @UOUZEA0 incorporated
the recommended drsign details qivvn on pade 40 of this report,
for the 700-grein version of a 135-1b fireforued HIBAL warheaed.
The results oblained from QROY26A0 will be reported fully in a
subsequent report. The Lharantcrizatiunu on this page will be
used in the sccond phase HIBAL end-game analysis since they
veflect the performance of th recommended designs,
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TABLE 3,3.5

WARHEAD CHARACTERIZATIONS E

PREDICTED FOR 11.5-1ncH DIAYETER x 200-13 WARHEADS
CONTAINING PREFORMED HEX HIBAL FRAGMENTS

(BASED ON DATA OBTAINED IN TEST NO. QNO423A0)

FRAGNENT DETATLS -
FRAG. WT. 500-grain 700-grain 900-grain ]
[ TOTAL RO, - 1161 851 640 :
WIDITH ACROSS L
FLATS 3/4 ) 7/8 1 t-
inch
THICKRESS R
{inch 0.548 0.548 0.548 ;f
H FRAGMENT EJECTION CHARACTERISTICS (1)
H ROW NO POLAR ANGLE [ VELOCITY POLAR ANGLE VELOCITY | POLAR ANGLE | VELOCITY | f
. (degrees) (ft/sec) {deqrees) {ft/sec) (degrees) (ft/sec) i
A 12) (3) B
1 +11.5 4100 +10.0 4100 +7.5 00 i
: +7.0 4200 + 5.0 4700 +4.5 4250 | ‘
3 + 4.0 4300 + 2.5 4350 +2.0 4400__4 {
4 + 2.5 4400 + 1.0 4500 0.0 4550
5 +1.0 4500 - 1.0 4600 C1.0 4700 | |
6 + 0.5 4650 < 1.0 4700 -2.0 4800
7 - 0.5 4700 - 2.0 4850 -2.5 4950 |
8 - 1.0 4800 - 2.5 4950 -3.0 5100 !
9 - 1.5 4900 - 3.0 5050 -3.0 5200 [
10 - 2.0 5000 - 3.0 5150 -3.5 5300
11 - 2.0 5100 - 3.5 5250 -4.0 5350 !
12 - 2.5 5200 - 3.5 5300 -4.0 5450 :
13 - 3.0 5250 - 4.0 5400 -4.0 5500 i
14 - 3.0 5300 - 4.0 5450 -4.5 5500 !
15 - 3.0 5400 - 4.0 5500 -4.5 5500 i
16 - 3.5 5450 - 4.0 5500 -4.5 5500
17 - 3.5 5500 - 4.0 5500 -4.5 5450
18 - 4.0 5500 - 4.5 5500 -5.0 5350
19 - 4.0 5500 - 4.5 5500 -5.0 5200 {
20 - 4.0 5500 - 4.5 5400 -5.0 4950
1 - 4.0 5500 - 5.0 5300
22 - 4.0 5500 - 5.0 5150
23 - 4.0 5450 - 5.0 4950
24 - 4.0 5350 .
25 - 4.0 5250
26 - 4.0 5100
27 - 4.0 4950
B (2)
NOTES:

(1) Polar angle is given from the fragment c¢.g. relative to a normal to the warhead
axis through that c.g. Plus angles are toward the booster end. Velocity is the i3
estimated average velocity measured over the first fifteen feet of travel in a |
static arena test, including losses through shroud(s) and insulation. ,

{2 A and B are end-ring rows.

3) Booster end.
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TABLE 3,3.,6

WARHEAD CHARACTERIZATIONS (4) %

PREDICTED FOR 11,5-1ncH DIAMETER x 200-1r WARHEADS
CONTAINING FIRLFORMED HIBAL FRAGIHENTS i

(BASED ON DATA OBTAINED IN TEST NOS, QNU328AC anp QR0429A0) i

—e gt T W BB

CERAGMENT DITATTS (1) T T

L FRAG. W 1 500-urain /0U-qrain L 9erain T T T L
TOTALNO. [T T YA b 836 T T eha T + G

[CIRCUNE ERENTIA
WipTH: |
INSITIF

© -y

0.741 0.£58 0.950

T A R i R 0,951 I N

b . S S AL S SR $1 <L R 4
LONGITUDINAL 0.769 0.909 1.000

8 S F S e A R K

FRAGMERT EJECTION CHARACTERISTICS (2)

' b s s 7 17T T T A ] e v 1= -
1 SACME N Nl POLAR ARG VLLOCITY R AHGHE ViLOoLIiy L eCIayY
PRACHIT ROX | Cgeqrecs) i (£1/50c) ceen) | (1y/see) | (deorces) | tt/on | g
N ) R s IO 11/ I T S OO (£ M Iy U M TOO '
Tasey T TTRRG T : R D KO TR B P |
2.5 4300 Tagin
S I L ] Ao
A0S T Tasen T N i
TR0 T Qi |
S PN YT RS ,
- {_‘f_’_m;u:_z o NI 8
AL N NN S T l
=30 5008 T Ty ; |
R S 1 BRI |
__3.5 . lJ("HU‘ .
-3.5 R |
A0 T Thand T Thy00 |
-4.0 HAuL TUng 0 ;
_4'0._:__:_—‘ —-W‘f‘.fj—()() .‘_._ —— ) ot ‘
i 560 I R BT DT VA N Y DN !
[ N I A YU I R ‘
I Y O - T T I T U BT 4’
I - P I O s U T T N D -3 0¥ ,
-5.0 B N
=20 IV N I B
= S B !
2}) o RPN VESISUNSHS
% 1 I -

NOTES:

{1; A1} lirear dimensions are in inches,
2) Polar angle is given from the fragment ¢.g. relative to a normal to the warhead

1 axis through that c.g. Plus angles are toward the booster end. Velocity is the f
) estimated average velocity measured over the first fiftecen fect of travel in a 5
static arcna test, including losses through shroud(s) and insulation. |

(3) Booster end.

{4) The characterizations shown on this page reflect the data from
the relevant teals veworted hercie, bul ave not (o be used for
the second phase HIBAL chd-gee analysis.  See Note 4 on page
26A,

o
i
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NOTLS:

CIRCU=iE LI IAL

Quisnr

1(3).

TABLE 3.3.6A

WARHLAD CHARACTERIZATION
PREDICTED I'OR 11.%-1ncH DIAMCTER X 200-15 WARHEADS

CONTATHING FIRUFORMED UILAL TRACHIHNTS

(BASED ON DATA OBTAIRLD IN TEST KO, QNOUZGAD) (A)

H0U-arain

N

osrt
G.709

I L O

IRAGEENT

VELOC Y
AVGL U=

bat ik

ANGLT
((ft"]l"\'l'\)

RRY

|

e

M ON NI e S D AL AN S —

T T L
YA B AT

- L1060

) - TN
-1 v

i
!
!

1) A1 linear dimencions are in inches.
2) Polar angie is qiven from the franment c.q. relative ta a norral ta the yarhead

axis throuvah that oo,

B EC T

ACRERT TEIA
00 ura

8306

AR

LJFCTTON Cird

PTus angles ave tisara the bhootor

c.oesn T o

0.909
Toosen T

He 1y

T

SUTERTSTIC

frat VirnCi
JANGEY AL 0-15"
(devrecs) | fre 0
R RN
LR R
ba aoan)
oY R
U S
R RN
- LI
-3 IR
- “f RYRE )
-4 1y
- .4'. ()
5 Lo
-4 Lo
- Y haai
R LA
-5 . o L4050
-6 L0
Ty Ll
T PR T
-7 )
- L0
-0 W00

e,

Lid
AR
1.003
1.000
[URNTS .
Vi o
fvaan-
L ) HE B
[ N
o - \ !
LT
] v/

‘. f‘x,,
S i
[

-
I

]

4

l\

N G
-t Lo
-/ Ly
-] LN
S G

Velodo ity is the

estimated average verocity measnod over the fivet tiftoen teet of travel in a
static arena test, including losses through shroud(s) and inwulation,

{3) LCooster end.

(4) The characterizations qiven on this page ave based upon the

results ghtained from Teot

herein,

The resulte obiained froam GLhOO20A0 wild b reported

subsequent yeport,
used in the secend phase HI0al
reflect the perforuance of the rocona nded designes,

PAGL ?8A

Ho.o (IOU970A0 ) whiich 17 not yeported
Phe 13%-Th warbeod testod in QLOB0A0 inrorp rated

the recomended dosign details given an pace A0 of they veport,
for the 700-grain version of a 12% 0L { ivetereed HEAL warhoead,

fully ana

The characterizations on thiy pags will be
end- gae analysiy sinee they
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TABLE 3,3.7

WARHEAD CHARACTERIZATIONS

PREDICTED FOR 19-incH DIAMETER X 200-1B ANNUL AR WARHEADS
CONTAINING PREFORMED HEX HIBAL FRAGMENTS

(BASED ON DATA OBTAINED IN TEST NO. QNO4OSAQ)

FRAGVENT DETAILS

| FRAG. WT. 500-grain 700-qrain 900-grain
TOTAL_NO. 97% 741 550
| WIDTH ACROSS
FLATS 1/8 : 1 1-1/8
| (inch)
THICKNESS
(inch) 0.42 0.42 0.42

“K" VALUE

é‘—iﬁfu,._.__ 70 4 I . j

FRAGMENT EJECTION CHARACTERISTICS (1)
| POLAR ANGLE | VELOCTTY |  POLAR ANGLE 7 VELOTITY "] POLAR ANGLE | VELOCTYY

ROW NO. (degrees) (ft/sec) (dearees) (ft/sec) (degrees) | (ft/sec) |
1 (2] +17.0 3600 +15.0 3650 13,671 300 T
7 12,5 3950 ¥ 5.0 4000 ¥ 35T T T
3 + 2.0 4200 v 1.0 4300 = 0.5 4500
) 0.0 4450 = 1.0 4550 S0 " ap00
5 = 2.0 4650 - 7.5 4750 T Iis 5000
6 = 3.0 4800 ~3.5 4550 50 5100
7 - 4.0 4950 =45 5050 N T
8 N 5050 = 5.0 5100 =T 50007
9 =5.0 5100 °5.0 5100 - 6.0 | __ego0___
10 -5.0 5100 - 6.0 5000 - 9.0 4700
}) - 5.5 5050 ~6.0 2900 21050 3500
12 - 6.0 4950 -7.0 475
13 6.0 4850 -10.5 4600
14 - 7.0 4700
15 -11.0 4600

HNOTES:

(1) Polar angle is given from the fragnent c.g. relative to a normal to the warhecad
axis through that c.g. Plus angles are toward the booster cnd. Velocity i5 the
estimated average velocity measured over the first fifteen feet of travel in g
static arena test, including losses through shroud(s) and insulation.

(2) Booster end.
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WARIEAD CHARACTERIZATIONS

* PREDICTED FOR 19-tncit DIAMETER x 200-1p WARHEADS
CONTAINING I IREFORKED HIBAL FRAGHENTS

i‘, (EXTRAPOLATED FROM DATA OBTAINCD IN TEST NO. QNO409A0)

TABLE 3.3.8 (
b
f
!

o FRAGMENT DETATES (1) -
FRAG. WT. 500-grain 700-grain 900-qrain
TOTAL NO. 980 720 540
CIRCUﬁEQEETT}f}__ 70/row 60/row 54/row ' | a
_ INSIDE 0,608 0.942 . 1.047 ‘
_J ouTSI0E U553 0,995 1.165 Py
LONGITUDINAL ¥
MIDTH: 0.786 0.917 1.100 4
THICKNESS ~ 0.5 - 0.5 —_ o5 3
FRAGMENT EJECTION CHARACTERISTICS (2)
ROW NO | POLAR ANGLE | VELUCTTY | POTAR ANGLE [ VELOCITY | POLAR ANGLE | VELOCITY |
: (degrees) (ft/sec) | (degrecs) {ft/sec) | (degrees) | {ft/sec) | :
1 (3) 417.0 3600 116.0 36007 1 #15.0 1 T3700 ] E
2 + 6.0 3900 + 5.0 4000° +3.0 40
3 + 7.0 4200 - 0.5 4300 - 0.5 b
4 - 0.5 4500 - 1.5 | 4600 | -"3.0 1 _ 4800 __ 1
5 - 2.0 (4 4700 - 3.0 }4} [ 4w00 - 4.4_0_@ T TTno00
6 - 3’.‘5‘54’} 4900 S NUR G R L O N N €)1 O Y
7 -{@mgg 5000 - 5.0 (4) | "5200 " TR0 (4)) T h200
8 50 (AY T se00 T TR0 (4)] 800 T Th.s (4) T s00
9 T5.0 (7)) 5200 = 5.5 (a) | 6200 1T 7.0 (A T au0 T
10 - 5.5 (4 5200 - 6.0_{4 175000 -11.0 (4)) 4700
11 - 6.0 (4)]__5I00 - 7.5 (4 4900
12 < 6.5 (4) [ 5000 -11.5 (4 4600
13 - 8.0 (3)] 4800
14 -13.0 (4) 4600
35
16
17
8
9 -
20 o
21 -
22 T
23
24 )
25 1
NOTES:

21; A1 Vinear dimensions are in inches. ;

Polar angle is given from the fraguent c.g. relative to a normal to the warhead
axis through that c.q. Plus anqles are toward the booster end. Velocity is the i
estimated average velocity measured over the first fifteen feet of travel in a ]
static arena test, including losses through shroud(s) and insulation.

(3) Booster end. (
(4) These values conform to data for preformed fragments. Values for fireformed fragments I

e e it

may differ when proper fireforming is achieved.

i
i
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+5 POLAR ANGLE VELOCITY
— 7000
/ 6000

0 5000

POLAR
EJECTION
ANGLE
MEASURED FROM
FRAGMENT ¢.9g.
(PLUS IS
TOWARD — —4000

BOOSTER-END -
4 ~\\“

3000
(degrees) - 5 ~— B

111

|

FRAGMENT
VELOCITY
(ft/sec)

]

LI LR L
01 2 3 5 6 7 8 9 10111213 1415

FRAGMENT c.g. DISTANCE FROM THE
BOOSTER-END OF THE YARHEAD (inch)

-
4

PREDICTED FRAGMENT EJECTION CHARACTERISTICS
(POLAR ANGLE & VELOCITY)

FOR AN 80-LB SOLID WARHEAD

Having an 8-inch 0.D. x 2-inch I.D. x 15-inch long x 0.460-inch case thickness,
and containing preformed hex-HIBAL fragments sandwiched between an outer skin of
0.030-inch thick steel and an inner skin of 0.010-inch thick steel.

Prediction is based upon the data acquired in Test No. QNO319A0.

FIGURE 3.4.1 .




ety _ - - -

—1
+10 —
POLAR ‘5 VELOCITY
EJECTION —~7000
ANGLE n
MEASURED FROM =
FRAGMENT c.g. — —6000
(PLUS IS — — FRAGMENT
TOWARD 0 — 5000 VELOCITY
BOOSTER-END) _ (ft/sec)
(degrees) _ ' 4000
. —3000 4
- 5
. a
- POLAR ANGLE
-10
I R R Ea s S ey M By M S e
0 5 10 1 !
FRAGMENT c.g. DISTANCE FROM THE

BOOSTER-END OF THE WARHEAD (inch)

PREDICTED FRAGMENT EJECTION CHARACTERISTICS
(POLAR ANGLE & VELOCITY)
FOR A 135-LB SOLID WARHEAD
Having an 11.5-inch 0.D. x 2.88-inch 1.D. x l4-inch long x 0.51-inch case
thickness, and containing preformed hex HIBAL fragments sandwiched between an

outer skin of 0.015-inch thick steel and an inner skin of 0.010-inch thick steel.
Prediction is based upon the data acquired in Test No. QNO514A0.
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!
; . L
§ '
+10 4
POLAR +5 POLAR ANGLE
EJECTION 2000
ANGLE VELOCITY
MEASURED FROM
FRAGMENT c.g. = 6000
(PLUS IS FRAGMENT
TOWARD . 000 VELOCITY
BOOSTER-END) (ft/sec)
(degrees) = 4000
{ 3000
! L
-10 ]
LB L DR ] L R L 1 T ] ] 1 ] 1 { 1 b
0 5 10 15 18 E

FRAGMENT c.g. DISTANCE FROM THE
BOOSTER-END OF THE WARHEAD (inch)

PREDICTED FRAGMENT EJECTION CHARACTERISTICS f
, (POLAR ANGLE & VELOCITY)
{ FOR A 200-LB SOLID WARHEAD

: Having an 11.5-inch 0.D. x 2.88-inch [.D. x 18.38-inch long x 0.573-inch case
; thickness and containing preformed hex HIBAL fragments sandwiched between an outer
e skin of 0.015-inch thick steel and an inner skin of 0.010-inch steel.

Prediction is based upon the data acquired in Test No. QNO429A0.

| g
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p
+10 - POLAR ANGLE
+5
i —
VELOCITY 7000
POLAR i - 6000
EJECTION
. FRAGMENT
ANGLE \ 5000
MEASURED FROM 0 — — VELOCITY
FRAGMENT C.G. - (ft/sec)
(PLUS IS | - 4000
TOWARD ] ~\\\\\~
BOOSTER-END) ] | 3000
(degrees) -5 T~ —

1.

\
:

71 1 1 17  © 1711/

0 1 2 3 4 5 6 7 8 9 10 11
FRAGMENT C.G. DISTANCE FROM THE

BOOSTER-END OF THE WARHEAD (inch)

PREDICTED FRAGMENT EJECTION CHARACTERISTICS
(POLAR ANGLE & VELOCITY)

FOR A 200-LB ANNULAR WARHEAD
Having a 19-inch 0.D0. x 10.6-inch I.D. x 11.5-inch long x 0.46-inch case

thickness and containing preformed hex-HIBAL fragments sandwiched between an outer

skin of 0.030-inch thick steel and an inner skin of 0.010-inch thick steel.
Prediction is based upon an extrapolation of the preformed fragment data in
Test No. QNO40O9AO.
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POLAR ANGLE

POLAR

EJECTION + 5+
ANGLE - VELOCITY —7000
MEASURED FROM -
FR?GMENT c.q. - A‘—‘—‘!{i—__— 6000
PLUS IS _ FRAGMENT
TOWARD 0 __——— ¥ 5000 VELOCITY
BOOSTER-END) _ (ft/sec)
(degrees) - 4000
—
_ 3000
-5-—
-10
) S L T T A A O O D L LA
0 5 10 15
FRAGMENT c.g. DISTANCE FROM THE
BOOSTER-END OF THE WARHEAD (inch)

FRAGMENT EJECTION CHARACTERISTICS
(POLAR ANGLE & VELOCITY)
FOR AN 80-LB SOLID (FIREFORMED FRAGMENT) WARHEAD

Having an 8-inch 0.D. x 2-inch 1.D. x 15-inch long x 0.438-inch
case thickness. Prediction is based upon data acquired in Test
QNG225A0.
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+10 VELOCITY 7000
POLAR + 5 '/ 000
EJECTION \
ANGLE
MEASURED FROM \F/RAGM;E?T
FRAGMENT c.qg. 0 s000 VELOCITY
TOWARD
BOOSTER-END) - | 2000
(degrees)
_POLAR
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| TABLE 3.3.9 '

DESIGN FOR WARHEADS :

| USING i
PREFORMED HEX HIBAL FRAGMENTS

&
I ITEM . 8=-1nch x 11.5-inch x 11.5-inch x 19-inch x b
80-1b 135-1b 200-1b 200-1b by
DIMENSIONS ' F
; 0.0, 8.0 11.5 11.5 19.0 £
3 1.D. 2.0 2-7/8 2-7/8 10.5 :
: LENGTH 15.2 14.0 18-3/8 11.5
; OUTER SKIN THK. 0.025 0.015 0.015 0.030
: TNNER SKIN THK. 0.010 0.010 0.010 0.010
{ S & A TUBE THK. 0.063 0.063 0.063 N/A
j “END-PLATE THK. 0.125 0.125 0.125 0.125
i FRAGMENT DETAILS
; THICKNESS 0.42 0.485 0.548 0.42
! 500- WIDTH 0.875 0.813 0.75 0.875
i - NO. PER ROW 725.0 0.0 33.0 65.0
grai NO. OF ROWS 18.0 18.0 27.0 15.0
TOTAL NO. 450.0 720.0 1161.0 975.0
THICKNESS 0.47 0.485 0.548 0.42
100- WIDTH 1.0 0.938 0.875 1.0 ¢
rain NO. PER ROW 22.0 35.0 37.0 57.0 {
g NO. OF ROWS 16.0 16.0 23.0 13.0 G
TOTAL NO. 352.0 560.0 851.0 741.0
THICKNESS 0.42 0.485 0.548 0.47
900 WIDTH 1.125 1.063 1.0 1.125
- NO. PER ROW 19.0 31.0 32.0 50.0
grain NO. OF ROWS 14.0 13.0 20.0 11.0
TOTAL NO. 766.0 403.0 540.0 550.0
| MATERIALS
! OUTER SKIN
: INNER SKIN
{ S & A TUBE MILD STEEL
- END PLATES
RIGH EXPLOSIVE TO BE DETERMINED
FRAGMENTS SAE 4130 ALLOY STEEL, OIL QUENCHED FROM 1550°F,
DRAW AT 800°F to RC42 _
BOOSTER DETAILS - 8
LOCATION AT ONE END i
COMPOSTTION TO BE DETERMINED _ ;
STZE
| END-RING HOOPS |
§ (EA WIDTH 0.5 0.5 0.375 0.25 d
END) RADTAL THK. 0.44 0.5 0.56 0.44 '
; MATERTAL MILD STEEL

-4
s

ALL DIMENSIONS ARE IN INCHES.

'-—v
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TABLE 3.3.10
DESIGN FOR WARHEADS

USING
FIREFORMED HIBAL FRAGMENTS
TTEM 8-inch X | 11.5-inch x | 11.5-inch x | 19-inch x
80-1b 135-1b 200-1b 200-1b
DIMENSIONS
0.0. 8.0 11.5 11.5 19.0
1.D. 2.0 2.88 2.88 10.5
CASE THK. 0.438 0.500 0.563 0.500
S & A TUBE THK. 0.063 0.063 0.063 N/A
END-PLATE THK. 0.125 0.125 0.125 0,125
FRAGMENT DETAILS*
INTENDED
WEIGHT LONGITUDINAL GROOVES
DEPTH, INSIDE 0.110 0.140 0.170 0.140 |
OUTSIDE 0.110 0.140 0.170 0.140 |
SPACING (INSIDE) 0.799 0.767 0.741 0.808
500- CIRCUMFCRENTIAL GROOVES
grain DEPTH, INSIDE 0.115 0.115 0.115 0.115 |
OUTSIDE 0.205 0.285 0.350 0.285
SPACING (INSIDE) 0.833 0.824 0.769 0.786
FRAGMENTS PER ROW 28.0 43.0 44.0 70.0
— NUMBER OF ROWS 18.0 17.0 26.0 14.0
N TOTAL NO. OF FRAGMENTS 504.0 731.0 1144.0 980.0
TNTENDED
WE 1GHT LONGITUDINAL GROOVES ]
DEPTH, INSIDE 0.110 0.140 0.170 0.140
T 0UTSIDE 0.110 0.140 0.170 0.140 |
| SPACING (INSIDEY 0.895 0.897 0.858 0.947
700- CIRCUMFERENT IAL GROOVES _
grain DEPTH, INSIDE _ 0.115 0.115 0.115 0.115 |
— OUTSIDE 0.205 0.285 0.350 0.285 |
| SPACING (INSIDEY 1.0 0.933 0.909 0.917_]
FRAGMCNTS PER ROW | 25.0 37.0 38.0 ~60.0 |
| NUMGER OF ROWS |~ 15.0 15.0 22.0 __12.0 |
TOTAL NO. OF TRAGMENTS 375.0 555.0 836.0 720.0
INTENDED
WEIGHT | LONGITUDINAL GROOVES | o
DEPTH, INSIDE 0.110 0.140. 0.170__| _0.140__
| ~__OUTSIDE —17"70.110 0.140 0.170 ___0.140_|
|~ SPACING {INSIDE] 1.017 1.000 ~0.959 _1.047_]
900- J CTRCUMFERENTTAL GROOVES T
grain | __DEPTH, INSIDE 0.115_ 0.115 _0.115_ | 0.1i5 ]
_ ___OursIbE 0.205 - 0.285__ 0.350 | __ 0.285_|
[ SPACING TINSIDE) 1.154 1.077 1.000_ | 1,100 ]
|___FRAGMENTS PER ROW 22.0 .33.0 34.0 . 5%4.0___
- NUMBER OF ROWS 13.0 _13.0 2.0 S 10.0__|
TOTAL NO. OF FRAGMENTS 286.0 429.0 | 680.0 540.0
MATERIALS
WARREAD CASE ALL FIRCFORMED FRAGMENTS MADL OF 4130 STEEL,
QUENCHED AND DRAWN TO RC42 B
S & A TURE
[ END-PIATLS — MILD STEEL
HIGH FXPLOSIVE e ]

* THC INCLUDED ANGLE OF ALL GROOVES 1S TO BE 37° ALL DIMENSIONS ARE IN INCHES.
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