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From: Commander, Naval Surface Weapons Center
To: Distribution

Subj: HIBAL Program, Preliminary Warhead Design

Encl: (1) NMT/TERA Report No. T-80-1356-U HIBAL Program Preliminary Warhead
Design Volume I
(2) NMT/TERA Report No. T-80-1356-U HIBAL Program Preliminary Warhead
Design Volume II (appendices)

1. The HIBAL Program was initiated in FY79 as part of the Army/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 obtaining fuel ingestion kills by penetrating through the large bomber
fuel tanks with a relatively large fragment having good hydrodynamic penetra-
tion capability. This same fragment design has also been shown to yiecld
improved capability against aircraft engines and on-board ordnance. The
enhancement in end-game effectiveness has been found to produce not only
highexr probability-of-kill (Py) but also a redundancy of killed components
which should yield reduced susceptibility of Px 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.

2. In the course of this program, a considerable amount of warhead technology
has been developed 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. Fragment Drag through Liquids

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

d. 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, arce the first published
in this scries of reports. This report documents the application of the HIBAL 1
fragment designs to four warhcad configurations from 80 to 200 1lb using both x
controlled fragmentation, with an opposed grooving technique, and preformed B
hexagonal fragments. Full scale warhead test rcsults verify the ability to

predict warhead performance and establish guidclines to successfully obtain

good fireformed HIBAL fragments. These tests have also formed the basis for
defining warhead characterizations for each of the HIBAL configurations. ¥

[ p—Y - [ ] -

An additional 135 1lb warhead and 200 1b annular warhead are currcently 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
warhecad design will require more cxtensive design tradeoffs in a number of
arcas including threat spectrum weighting, encounter conditions, warhead size,
warhead shape, length-to-diamcter ratio, and structural design.
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APPENDIX I

SUMMARY OF FRAGMENT MAT TESTS CONDUCTED IN SUPPORT
OF THE FIREFORMED FRAGMENT WARHEAD DESIGNS C 1

The test program began in January, 1980 with a series of fragment !
mat tests. The purpose of these tests was to provide for preliminary - 4
investigation of some of the parameters influencing the opposed groove VA
technique. Most of the tests were unsuccessful attempts to firefom
fragments of the dasired shape and weight, and were useful only in a
neaative sense - providing data on what choices of opposed groove designs
won't work. The details of all the tests and their results are presented
in tables I-1 through I-6. The tables are cross referenced with the
drawings of the fragment mats, figures I-1 though I-19).

Summary of Test Results

The three most significant results of the mat test program were:

1. The tests demonstrated that wide groove angles (90 to 120
degrees) required a relatively dense inert filler material, i
such as steel, copper, or lead had to be placed in the ;
outside grooves to achieve proper fragment firefoming.

2. 4130 steel was selected as the baseline warhead case material
because more success was achieved in generating fragments of
the desired shape and weight with this material.

3. Opposed groove depths for the 8-inch 0.D. fireformed warhead
were provided.

PAGE I-1
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APPENDIX 11

RESIDUAL WEIGHT OF 560-GRAIN FRAGMENTS AFTER
10,000-F1/sec IMPACTS WITH THIN STAINLESS
STEEL TARGETS
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APPENDIX I1
RESIDUAL WEIGHT OF 560-GRAIN FRAGMENTS AFTER 10,000-ft/sec
IMPACTS WITH THIN STAINLESS STEEL TARGETS

iNTRODUCTION

One of the design objectives of the HIBAL warhead program is to
achieve fragments which, within the constraints placed upon the fragment
shape and weight by other design considerations, will maximize penetra-
tion capability in fuel. The penetration capability of the fragment in
fuel is a function of how well the fragment retains its shape and weight
after impact with the target skins., Stainless-steel skins are postulated
for one of the targets in the HIBAL-threat spectrum, and analysis shows
that fragment impact-velocities of 8000-ft/sec to 12,000-ft/sec are
canmon for this target.

In this part of the program, fragments were explosively launched at
about 10,000-ft/sec at stainless steel targets, to investigate the
relative capabilities of various fragment materials to retain their
shape and weight after impact.

FRAGMENT AND FRAGMENT-MAT-PROJECTOR DESCRIPTIONS

The fragment size chosen for study was 1/2" x 3/4" x 3/4",
560-grains, because (1) 3/4-inch-square bar stock was readily available
in the materials tested, (2) 560-grains is within the fragment-weight
range being considered for HIBAL warhead designs, and (3) the 1/2-inch
thickness is representative of the case thickness of the 11-1/2-inch-

diameter HIBAL-warhead designs.

The fragments were sawcut and positioned in a fragment mat as shown
in Figure 11-1, with sixty-four fragments in each fragment mat. Four
materials (16 fragments each) were represented in each fragment mat. The
total weight of the sixteen fragments for each material was recorded for
each test, The fragments were stamped with letters which corresponded
to the types of steels used in the tests for identification after recovery.
The fragment mat was positioned on a 200-1b C-4 explosive charge, as
shown in Figure 11-2,

TEST PESCRIPTION

The fragment mat was fired at a 30° obliquity to the stainless-steel
skin targets. Celotex was used to recover the fragments, and Fastax
cameras were used to obtain fragment velocities, A typical arena is
shown in Fiqure I1-3. Two thicknesses of stainless-steel skins were
tested, 0.047-inch and 0.035-inch. In addition, one test was conducted
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against an aluminum-plate-array target, consisting of 3 sheets of
0.090"-2024-T3 plate separated by 1-ft intervals. The three plates were
at 30° obliquity, as shown in Figure II-4, This test was conducted to
determine how rultiple aluminum skin hits would affect fragment residual
weight.

FRAGMENT MATERIALS TESTED

The materials tested included the following types of steel: SAE
1018, 4130, 4140 and 4340; 5-317 and 5-876 Carpenter tool steel; Armco
HY-80 and SSS-100 steel; AISI-S7 special purpose tool steel; type 416
and 17-4 AISI 630 stainless steel; and a stainless steel of unknown
alloy.

Properties of the materials tested are presented, along with the
plottings of the data for each material. Note that, for some materials,
differing heat treatments were used to evaluate the effects of
variations in material hardness. The unknown stainless alloy was
available, and was tested with the reasoning that if it appeared to be a
better material for surviving impacts than the other materials, the
analysis of the alloy would be performed.

TEST RESULTS

Seven tests were conducted. Table I1-1 summarizes the test para-
meters in each of the tests. The results are first presented for each
fragment material and, then, the fragment materials are compared in a
final summary (Figure 11-17). The basis for the curves used in Figure
11-17 appears in the discussion of the individual fragment-materials.
The data for alloy-steel fragments are plotted in Figure I1-17. The

mild-steel data are plotted on the overlay of Figure 11-17.

The recovered fragments appeared to have lost weight in two different
ways, by erosion of the metal as it passed through the target, and by
brittle fracturing. Examples of the two types of weight loss are pre-
sented in the photograph in Figure I11-18.

A. Mild Steel (SAE 1018)

Mild-steel fragments were tested against the 0.047"-inch
stainless steel target and the 2024-T3 plate array target. The test
data are plotted in Fiqure II-5., The recovered fragments from the
two target-types show similar deformation; the fragments were
"mashed" on the impact face, and somewhat pitted on the impact face.
The distribution of recovered fragment weights is similar for the
two targets, the weight loss appearing to have occurred fronm “"erosion"
of the fragment, as opposed to fracturing., For the final summary
figure; the data fron the two targets were canbined into a single
curve,
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B, SAE 4130

The SAE 4130 fragments were tested against one target, the
0.035"-inch stainless steel, for two hardnesses, RC-38 and RC-42.
The data are plotted in Figure 1I-6. The fragment deformation was
similar for the two hardnesses, and the distribution of recovered
fragment weights was also similar for the two hardnesses. The
fragments were mashed on the impact side, but not as much as
were the mild steel fragments. The fragments appeared to have lost
most of their weight due to erosion, as opposed to fracturing. The
data for the two hardnesses were combined into one curve for the
final summary Figure II1-17,

C. SAE 4140

SAE 4140 fragments were tested against the three targets;
0.035"-inch stainless steel, 0.047"-inch stainless-steel, and the
0.090"-inch 242073 plate array. Fragments tested against the
0.035"-inch stainless-steel target were RC-40. The fragments tested
against the plate array target and 0.047"-inch stainless-steel were
RC-45,

The distribution of recovered fragment weights fired against
the 0.047"-inch stainless-steel target differs somewhat from the
distritution of recovered fragment weights fired against the
plate-array target. Since the appearance of these two sets of
fragments is similar (for both sets, fragments lost weight due to
fracture failures rather than from erosion), it is believed that
the plotted dispersion in recovered fragments weights may be due to
the sample size of the data.

There is also a difference in appearance between the fragments
fired at the 0.035"-inch steel,which were RC-40, and the RC-45
fragments fired at the other two targets, which were RC-45. The
RC-40 fragments mashed more at impact than did the harder fragments,
and appeared to have lost weight due to erosion, as opposed to
fracturing.

Only the data from the RC-40 fragments fired against the
0.035"-inch steel were used in the final summary figure, because
the dispersion between the data was deemed to be too great to allow
for the combining without further testing.

Data for (SAE) 4140 are shown in Figures I1-7 and 1I-7A. The
analysis shown is for 4142, which differs from 4140 only in carbon
content, In fact, one steel supplier lists both 4140 and 4142 as
equivalent,

D, SAE 4340

SAE 4340 fragments were tested against the 0.035"-inch
PAGE I1-3
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stainless-steel targets. Two hardnesses were evaluated, RC-43

and RC-38, The data are plotted in Figure I1-8. The distribution

of fragment weights recovered were very similar for the two hardnesses,
but the appearance of the two fragments were somewhat different,

The harder fragments appear to have lost their weight due to
fracturing, while the softer fragments were mashed and lost their
weight due to erosion. For Figure II-17, the data for hardnesc<as

were combined into one curve.

E. 17-4 AISI 630 (STAINLESS)

This material was tested against the 0.035"-inch stainless-steel
target for two different hardnesses, RC-42 and RC-34, The data are
plotted in Figure 11-9., The difference in hardness between the
recovered fragments was evident because the softer fragments mashed
more on the impact face, However, fragment weight loss due to
fracturing was evident for both hardnesses.

F. TYPE 416 (STAINLESS)

This material was tested against the 0.,035"-inch stainless-steel
target. The material hardness was RC-45. The data are plotted in
Figure 1I-10. The fragments fractured into small pieces at impact,

G. STAINLESS STEEL (UNKNOWN ALLOY)

This material was tested against the 0.047"-inch stainless- .
. steel target, and the 0.090"-inch 2024-T3 plate-array target. The !
data are plotted in Figure II-11.

The recovered fragments were similar to one another, for both |
targets. For most of the fragments, the weight-loss appeared to be 3
fran erosion, but a few also shaowed fractured. This material was ‘
not plotted in the final summary figure, because it was not tested !
against the 0.035"-inch stainless-steel target, ¥

H. CARPENTER 5-317

———

This material was tested against all three targets. The frag- ‘
ment material hardness on all the tests was RC-41 to RC-42. The !
data are plotted in Figure II-12. The recovered fragments were
similar to one another, for all three targets. Only a few fragments
had fractured; most appear to have lost weight fran erosion. The
distributions of recovered-fragment weights are similar for the

prcrr 2
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N.0365"-inch steei-target and the 0, 020"-inch 2024-T3 plate-array
tarqet., The fraagments impacting the 0.047"-inch stainless-steel
target lost somewhat less weight than the fragments impacting the
other targets. Jhe data Tros ine ©.035"-inch stainiess-steel target
are plotted in summary Figure 11-17.

I. AISI-S§7

This material was tested against the 0.035"-inch stainless steel
target. Two material hardnesses were tested, RC-43 and RC-50. The
data are plotted in Figure II-13. Only two of the RC-50 fragments
were recovered, and those were fractured.

The RC-42 fragments, which lost a significant amount of weig"t,
did so because of fracturing. The data from the RC-42 fragments are
plotted in Figure 1I-17,

J. CARPENTER 5-876

This material was tested at RC-43 hardness against the 0.035"-inch
stainless-steel target. The data are plotted in Figure I1-14, The
two recovered fragments which Tost the most weight were fractured;
the four which lost 10% - 15% of their weight did so by erosion..

The fragments were mashed and pitted on their impact side, a resdit
very similar to other fragment materials of the same hardness.

K. _HY-80

HY-80 (Fiqure II-15) was tested against the 0.035"-inch
stainless-steel target. Two fragment material hardnesses were
tested, RC-38 and RC-41. Only three fragments of the RC-41 hardness
were recovered, whereas fifteen of the RC-38 hardness were re-
covered. DNifferences in appearance occurred between the RC-38
fragments and the RC-41 fragments, The RC-38 fragments being mashed
significantly more than the RC-41 fragments, and many fractures also
occurring in the RC-38 fragments, The RC-41 fragment data were used
in the final summary-fiqure,

L. SSS-1n0

The SS5-100 was tested at RC 42-43 against the 0,035"-inch
stainless-steel target., The data are plotted in Figure 11-16. The
appearance of the fragments indicates that fragment weight was lost
primarily from fracturing.
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CONCLUSIOMS

l.

The most important conclusion is that thefe are several, viable
candidate-steels which, with proper heat treatment, show good
survival capability et 1C,000-ft/sec impacts.

Insufficient data exist to provide quantitative values at this
time but, fnan the appearance of the fragments, it is apparent,
that the heat treatment may affect the survival capability of
some alloys more than it does other alloys. '

The appearance ofs the fragments suggests that there was no
major difference in the "toughness" of the three targets tested.

Fragment-weight loss was due to both fracturing and erosion.
Figure I1-18 conpares two fragments which lost weight by
fracturing (left) to one fragment which lost weight by erosion
(right).
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R= RECOVERED FRAGMENT WEIGHT

FRAGMENT WEIGHT BEFORE FIRING

LEGEND

@® DATA FROM TESTS SNO520A0 and SNO602A0, .035"
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TEST DATA FOR SAE 4130 STEEL FRAGMENTS
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FRAGMENT WEIGHT BEFORE FIRING

LEGEND

@® TEST SNO509A0 DATA, .047" STAINLESS STEEL TARGET,
FRAGMENT MATERIAL HARDNESS = RCA45

A TEST SNO605A0 DATA, .035" STAINLESS STEEL TARGET,
FRAGMENT MATERIAL HARDNESS = RC40

O TEST SNO514A0 DATA, .090” 2024-T3 PLATE ARRAY TARGET, 7
FRAGMENT MATERIAL HARDNESS = RC45 i

TEST DATA FOR SAE 4140 STEEL FRAGMENTS
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LEGEND
® DATA FROM TESTS SNO522A0 AND SNO602A0Q, .035" STAINLESS
STEEL TARGET, FRAGMENT MATERIAL HARDNESS = RC43

A DATA FROM TEST SNO605A0, .035" STAINLESS STEEL TARGET,

FRAGMENT MATERIAL HARDNESS = RC38

TEST DATA FOR SAE 4340 STEEL FRAGMENTS
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TEST DATA FOR 17-4 AIS! 630 STEEL FRAGMENTS
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174
AIS]! 630
Precipitation Hardening Stainless Bars and Billets
Color Masking: Ends painted Blus and Yellow
This is a chromium-nickel grude of stainless steel that may be hotdened by '
a single lowlemperature preapitation herdening heat treatinent.  Excellent

mechanical propesties at a high strength level may be oblained by such
tieatment. Scaling and distoition c1e minimized.

The stiength and corrosion resistance properties of 174 hold up well in
servico temperatures up 1o 800'F. :
Fabrication techniques for this stee! are similar to those established for the e

reqgular stainless sleel grades. This material machines well, has excellent o
P welding charocteristics, and forges easily. The combination o! excellent

mechanical and processing properties makes this grode oduptable to a wide
variely of applications.

ANALYSIS tﬁ
C

i
% Mn P s N Cr Ri Cu cb ;
Max. Max. Max. Max. Max. +Ta b
; 07 1.00 .04 .03 1.00 15.50/17.50 3.00/5.00 3.00500 5xC. .45 \ &
SPECIFICATIONS--AMS-5643 ond ASTM A 564 Type 630 are genesally t
applicable.

APPLICATIONS—Used where high strength and good corrosion resistance are
required. as well as for applications requiting high fatique strength. good
resistance to galling. seizing and stress corrosion. Swuitable for intricate
parts requiring machining and welding. and/or where distoition in cen- f
ventional heat treatment is o problem.

CORROSION RESISTANCE: - The cortosion resistecnce of 17-4 is supenor to
that of hardenchle straight chromium giades such as Type 410. It op-
proaches the corrosion resistance of the chromium nickel grades. In many
contosive media il is equal to such grades as Type 302. Corrosion resisting
properties will be afiected by such conditions as surfoce finish ond aging )
heat treatment.

MECHANICAL PROPERTIES-- The following may be considered as average or
typical soom-temperature properties:

Tensile Yield Rockwell
Strength Strength  Elongation Heduction “c
‘Condition (psi) (psi) in 2" of Area Hardness
A (Annealed) ... . 150,000 110.000 10% 40% 3
H 900 .
(Hardened at 900°)... 200.000 185.000 14% 50% 44
H 1150
(Hardened at 1150°). 145,000 125,000 19% 60% 33

AMS-5643 requires the following after precipitation heat treating at 900°F:
_Reductnion of Area )

Tensile Strength Yield Stiength Elongation 73" Thick :"}hur
(pst) (psi) in2" & Under to 97 Thick
190.000 Min. 170.000 Min 10% Min 40% Min 35% Min

MACHINABILITY —This grade has a machinahility rating of 48% in the annealed
condition (Condition A). with surface cutting speed ol 80 fcet per minuto .
In the overaged condition (H 1150 M), the machinability saung is 76%. with 1
surface cutting speed of 125 {eet per minute. |

WELDING Readily weldable by all the comme:cial processas. Prehecting d |
pos!-)lcnhnq practices used lor the standuaid hurdenable stcinless grodes
are not required.

FORGING Forge between 2050°F ond 2150°F. Do not forge helow 1850°F ']
Forqings are air cooled 1o 90°F or lower. latae or intncate forqings should
be cqualized at! some tempercturte hetween 1900°F and the forging tem
perature before air-cooling

ANNEALING (Condltion A) The annecling (solution treatment’ temperature 8
1900°F. Maternial under 3 in thickness may be oil guenched Material
over 3" thick should be wir cooled Maximum Brinell hardness on sections
under 37 is 341 over 3. 36).

HARDENING -

Condition H900 900°F for 1 hous. air cool. Rockwell “C” 44 Average
Condition H 1025--102%°F for 4 hours. ar cool Rockwell "C” 38 Averaqe
Condition H 1150 - 1150°F for 4 hours, air cool. Rockwell "C™ 33 Average.

PAGE II-19 FIGURE 11-9A '




v el e mmpe vt e ——

100
90
80
70
% OF 60
RECOVERED
FRAGMENTS 50
2R

40
30

20

10

RECOVERED FRAGMENT WEIGHT

R=

FRAGMENT WEIGHT BEFORE FIRING
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A DATA FROM TESTS SNO522A0 AND SNO526A0. .035" STAINLESS
STEEL TARGET, FRAGMENT MATERIAL HARDNESS = RC45

TEST DATA FOR TYPE-416 STEEL FRAGMENTS
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TYPE 416
Analysis Thermal Treatment
? ] Carbon.................... .15 Max. Forge ... ... 2100° - 2300°F. Cool slowly.
Mangonese............ 1.20 Max. Process Anneal . . 1200° - 1400°F. (Brinell 170-207.}
Full Anneal . .....1550°-1650°F. Furnace cool.
: Phosphorus....... ..... .04 Max. (Brinell 137-167.) ;
B Sulphur......oo .187.3% Harden . .. .. 1700°-1850°F. Cool rapidly. i
Silicon.......cccoeernne 1.00 Mox. Temper . ... ... 400° - 1400°F. (Tempesing be
iween 700° and 1050°F is not
Chromium............... 12.00/13.50 recommended.)
TYPICAL MECHANICAL PROPERTIES
Red.
Tensile Yield Elongalion Area Bunell Jzod
Annecled Bars ... ... 75,000 40.000 30 60 155 70

250,000 Jl [

Size Treated: .550” Round
Quenched from 1800° F in Qil

Biinell JIS_ ﬂ 429 429 36) 269 2_79 7?07
Rockwell C 45 45 46 46 39 28 B98 B9S . ;F
1 ] o

200.000 Tensile

R SN SN— Y T - —
150.000 Yield ,./ \ \

100,000 \“_" ~<

Tensile Sirength end Yield Strength in Pounds per Square Inch
|
I
Z
7
gad

- © %z
- Rt St ntemnts (e ‘”‘X'\“; ”‘;C\'g -
R P [ P 80 - !
——— g e —— 702‘5‘?
20.000 S —1— o ~ — wgi‘:‘g
T Reduoen T L e
\.1(‘(\ 'v - 1 B . // - 30{:,.88_
7771 FElongation —1 1—,' g"’[j
— PR - - ]
[ 1 nEsk
S00°  600° 700" B00° 9000 JG*  1100°  1200°  1300°
Tempering Temperature :
i‘
i
?
!
|
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@ TEST SNO509A0 DATA, .047" STAINLESS STEEL TARGET,
FRAGMENT MATERIAL HARDNESS = BHN77
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TEST DATA FOR STAINLESS STEEL (UNKNOWN ALLOY) FRAGMENTS
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R= RECOVERED FRAGMENT WEIGHT
FRAGMENT WEIGHT BEFORE FIRING

LEGEND

@ TEST SNO514A0 DATA, .090" 2024-T3 PLATE ARRAY TARGET,
FRAGMENT MATERIAL HARDNESS = RC42

O TEST SNO509A0 DI\TA; .047" STAINLESS STEEL TARGET,
FRAGMENT MATERIAL HARDNESS = RC42

A TEST SNO605A0 DATA, . 035" STAINLESS STEEL TARGET,
FRAGMENT MATERIAL HARDNESS = RC4l

TEST DATA FOR CARPENTER 5-317 STEEL FRAGMENTS
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CARPENTER NO, 5-317
TYPE ANALYSIS: Carbon . . . . . .« . « ¢ v v o v .. .50% P
Manganese, . « . v . v e e e e e e .. .50 |,
Silicon. . . . . . . . . e e e e e e e .20
Chromium + « « + o « o o « « o o o o o 1.00
Nickel . . . ¢« & v ¢ v v v v o v o o 1.75
INSTRUCTIONS FOR WORKING NO. §-317 LFFECT OF DRAVING 1419 RF -
SECTION 172 TO 2" - OIL GUELCHEL 1 ¥
FORGING: Fforge from a temperature of not
over 2100°F, allow to cool in air in a dr DRAUING
place ' ¢ J TEMPERATURE  ROCKWELL  SCIERQSCOPE BRINELL '
: —_— : - T e o 17
NORMALIZING: Heat to 1550°F, and cool in As hardencd C-56 77 578 i
air. 300°F C-56 77 578 i}
¢ - (N4 ]
ANNEALING: Heat to 1400°F and cool slowly. 3507 C-55 75 uan :
Brinell hardness approximately 180 to 200 400 €-54 73 534 i
5s approximately ‘ 450° C-53 72 534 5
HARDENING: Heat to 1450° to 1500°F and 500° Cc-53 72 534 I
quench in oil. 550° C-52 70 514 i:
DRAWING: No. 5-217 is drawn in two scp- __6_09 ﬁ____h_f_jo___‘ . ,j7_~___w__”“‘9°__ !
it rrmmmmzariieLTa

arate ranges-depending upon the parts
being made.

AVERAGE PHYSICAL PROPERTIES f
i
3
SIZE OF T['ST HARD- TENSILE .T o "1 T }-IARAI)H‘E SS_ VAl bt Sﬁ T !
SECTION AND | ENING | DRAWING STRENGTH POINT  |ELONGATION,| REDUCTIO TAKES Q1 QUISINE !
LOCATION OF | PRO- | TEMPERATURE IN i % in 2" |OF ARCA, - OF FULL SIZED SICTION ;
TEST BAR CEDURE Ibs./sq. in. | 1bs./sq. in. SO i
BRINCLL  SHORD  POCEWILL }
B | HARDUESS  HARDNESS  HAADHLSS ’
j E; pigiady o Bavuidbpudnd T ST S T L T T T T L L T I T L I LT AT T ImE TS o - - - LA TR i T
L3t _ 700°F 249,000 228,000 10.5 3°.0 444 61 c-46 !
el U} oo
—;f-,cr) 5 £9 800° 220,000 201,000 15.5 39.0 415 5 C-44 j
- ’) [ S '
3 ""’E"E g,‘;: 900° 194,000 170,000 14.5 45.5 375 52 C-40 |
NE‘.; o g 1000° 170,000 149,000 16.5 51.% 33¢ 46 C-35 l
Sees ) 1100° 150,000 128,000 17.5 56.0 293 42 C-31 !
E_...._-I_...._—_ ...Fo.—._ e B A I Sl it AT S T s S R S T I D LI B e n L L= mETLT O = . - L ==
=S58, & 700° 220,000 200,000 9.5 34.0 429 59 C-45
:fﬁ Ry 5 800° 200,000 163,000 11.5 41.0 401 55 c-42 '
e z,;; St on 900° 181,000 163,000 13.0 46.0 352 49 c-37
Egm $2 2 1000° 159,000 143,000 16.5 52.0 311 43 C-33
ORI+ = 1100° 136,000 121,000 20.0 £6.0 269 3g c-2¢ !
—_— T T "(.":__ S naidnianitabmagunin SR ot i e e (R oIy I - L S s T. L P e -
.0 o
- = 700° 210,000 170,000 8.0 31.5% 401 55 c-42
:5,3 &g I 800° 187,000 169,000 1.5 33.0 375 52 C- 20
Pellly 28 900° 168,000 142,000 13.0 42.0 341 48 C-36 |
< > M Ut
LY. 62 3 1000° 149,000 125,000 17.0 49.0 311 44 C-33
Leers = 1100° 131,000 108,000 19.5 5, 269 38 c-20
i
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r- RECOVERED FRAGMENT WEIGHT
FRAGMENT WEIGHT BEFORE FIRING

LEGEND

A TEST SNO520A0 DATA, .035" STAINLESS STEEL TARGET,
FRAGMENT MATERIAL HARDNESS = RC50

@ TEST SNO602A0 DATA, .035" STAINLESS STEEL TARGET,
FRAGMENT MATERIAL HARDNESS = RC43

TEST DATA FOR AISI-S7 STEEL FRAGMENTS
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AISI-S7 TOOL STEEL

CHROME-MOLY
AIR HARDENING

C .45/.55

Mn  .20/.80

TYPICAL Si .20/1.00

ANALYSIS Cr 3.00/3.50

Mo 1.30/1.80

) .20/.30
WEAR RESISTANCE GOOD
TOUGHNESS BEST
NON-DEFORMING GOOD
RED HARDNESS GOOD
MACHINABILITY GOOD

FORGING ‘

Start at 2000-2050°F
Do not forge below 1700°F

ANNEALING
Temperature 1500-1550°F

Max. cooling rate/hr

25°/hr.
down to 10007;
then air cool

Brinell hardness 197
HARDENING

Hardening temperature 1725°F

Quench medium To 2-1/2"-Air

Over 2-1/2"-0i1
(until black)

TEMPERING
Temperature 400-1000°F
Rc hardness 58-51

PAGE 11-26
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FRAGMENT MATERIAL HARDNESS = RC42

TEST DATA FOR CARPENTER 5-876 STEEL*

* No longer manufactured, no data on properties found
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LEGEND

A TEST SNO526A0 DATA, .035" STAINLESS STEEL TARGET, 3
FRAGMENT MATERIAL HARDNESS = RC38 h
@ TEST SNO520A0 DATA, .035" STAINLESS STEEL TARGET, j
FRAGMENT MATERIAL HARDNESS = RC41 |
14
k
I
TEST DATA FOR ARMCO HY-80 STEEL FRAGMENTS ;
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HY-80

CHEMICAL COMPOSITION
HEAT ANALYSIS 7

MECHANICAL PROPERTIZS

CARBON (max) .18%* THICKNESS, inches |3/16 to 3/4{3/4 to 6
MANGANESE .10/.40 TENSILE STRENGTH* * *
PHOSPHORUS* (max) .025 YILLD STRENGTH psi | 80,000/ | 80,000/
SULPHER* .025 100,000 100,000
. ELONGAT ION** 19 20
SILICON (max) -157.35 £ IN 2" MIN FLAT FLAT
NICKEL "2.00/3.25 SPECIMEN | SPLCIMEN
o > 3 : . (A X
CHROMI UM 1.00/1.80 FIG. &**x| F1G. 5**
. REDUCTION IN AREA
MOL YBDENUH -20/.60 MIN, % LONGITUDINAL 55
MAXIMUM TRANSVERSE 5
RESIBUALS PERMITTED
OTHERS TITARIUM - 0.02
VANADIUM - 0.03
COPPER - 0.25
* The percent of P and S combined * Specification does not include ultimate

shall not be more than 0.040.

**  0.20 max C applies for plates 6"
thick and over.

***  for bars and billets the range
is 2.00/3.25%.

tensile strength.

for information only.
** For plates 3/16" to 1/4" in thickness,
elongation requirement shall be 14w

for HY-80/

Test values reported

*** See ASTM A 370 for flat and round

specimen dimensions.
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® DATA FROM TESTS SN0522A0 AND SNO526A0,
.035" STAINLESS STEEL TARGET, FRAGMENT MATERIAL
HARDNESS = RC42, 43.

TEST DATA FOR SSS-100 STEEL FRAGMENTS
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127,20 .407.70 .035 max 040 max  .10/.35 1.40/2.00 .40/.60  .04/.10 - .0015/7.0050

i‘Rl)f‘[ RTIES

§8S-100

conrosiTion (%)

C Mn P S Syt Cr Mo Ti Cu’? B

s¢ xpc(. e -n)

SHWTIU.J QFI]TY‘ 0 514) PP[“[IY \H,Jl qw&an (ru1)

A
JIESIL (Lesa. RED. OF  TFESILE FLOG. e, oF
PLATE STk TN in 2" AiLLA STHI LGN in 2" ARE A,
o TWICKRESS ok hed) Qi ) o (manot) o (ksd) 0 wmn ) (i )
3/16% to 2-1/2" incl. 1cu 110/1J\ 16 357 1157135 16 35

over 2- 1/z“ to 6" incl. 90 lod/lfo 14 45 1u./1JJ 14 44

H/'\(\nf' 5 ‘» f\f\f Gl-

Kater cuenched and terpered - 235/293 8HN
thru 3/4"-thick AS14 plate

MODULUS OF tLASTICITY®

In Tensien - 20.5 x 10 psi
In Coupression - 30.9 x 10¢ psi

1ODULUS OFF RIGIDITY®
11.9 x 10° psi |
SHEAR STRENGTH® . i
60 to 6% of tensile strength |

POISSONS 'S RATIOY
0.29

]

COFFFICIINT OF THERMAL UXPANSION - y

70 F 10 1200 F* !
|

SSS 10 - 7.7 x 1077 in/in/F |
SSS 1004 - 7.4 x 107 in/in/¥ i
|

q
ELECTRICAL RESISTIVITY® !
28 micva ohm-cny at 75 F 1

s

ATHOSPHLRTC CORROSICH RISISTARCE®

SSS G - 4 te O tires carbon <teel wvithout copper
SOS 00N - 2 Lo 4 Lie s carben steed without copper
SUS Tt - 3 tu L tives carben steel without copper

ELEVATED TEDPEEATURE STRLOGTHT

Shart i clevoeted terperature strongth at

O 0 b ae about 3 tires that ot carben structural
steel,

For wervice teserctures of GO0 to SO0, connult
the treep ond cbrees rupture data on page 14 for
sclecting alleneble dosign stresses,

*Values for th e engincering tronerties are hoed an frvr,tif:q a
Pinvited mi 2o of plates, ibey aeireonl enly “iypical Enginear-
ing bropertio” and gre not specife gt vequirerents. Anco
docs not warrent of quaraates theso properties,

PAGE 11-31 FIGURE 11-16A \ ,

R liianaa




;
‘1

R C e s e ey - Sy TN ey s e

CARPENTER 5-317 CARPENTER 5-876

100 4130 §
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17-4 TYPE 630
30 - \
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AISI416 =
10 N}

MILD STESL

o .1 2 3 4 5 .6 .7 .8 .9 10

_ RECOVERED FRAGMENT WEIGHT
~ FRAGMENT WEIGHT BEFORE FIRING

SUMMARY OF DATA FOR 560 GRAIN
ALLOY STEEL FRAGMENTS IMPACTING .035"
STAINLESS STEEL AT 30° OBLIQUITY, AT 10,000 FT/SEC.
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EXAMPLES OF TWO FRAGMENTS (LEFT) WHICH
LOST WEIGHT DUE TO FRACTURING, AND ONE FRAGMENT
WHICH LOST WEIGHT DUE TO EROSION
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TABLE NO.
SUMMARY TABLE OF
FRAGMENT SURVIVAL TESTS

I11-1

SN TEST SERIES

[en]
]
]
)
¥
o
=
wy
o AVE. FRAG.
= WT. BEFORE %
3 FRAGMENT FRAGMENT FRAGMENT FIRING RECOVERED WT.
— MATERIAL | TARGET | HEAT TREAT | HARDNESS (grains) ORIGINAL WT. COMMENTS
509A | Stainless| .047" NONE BHN-77 574 77
Steel S.S.
Carpenter| .047" NONE RC-42 570 85
5-317 S.S.
Mild .047" NONE BHN-167 576 71
Steel S.S.
1018
SAE 047" 800° F RC-45 564 68
4140 S.S. Draw
514A | Stainless| .090" NONE BHN-77 558 78
Steel* | 2024-T3
3 Sheets
Carpenter| .090" NONE RC-42 552 73
5-317 2024-T3
3 Sheets
Mild .090" NONE BHN-167 559 69
Steel 2024-T3
1018 3 Sheets
SAE .090" 800° F RC-45 545 56
4140 2024-T3 Draw
3 Sheets
520A ARMCO .035" 800° F RC-41 552 89
HY-80 S.S. Draw
AISI-S7 .035" 800° F RC-50 549 50
S.S. Draw
SAE .035" 800° F RC-42 549 83
4130 S.S. Draw

* Found on project, ex-at alloy will be determined if performance warrants.
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TABLE NO. TI-1

SUMMARY TABLE OF
FRAGMENT SURVIVAL TESTS

i
1
!
!

SN TEST SERIES
o :
[}
]
[}
o
' <
; v
r .
{ - AVE. FRAG. .
| 2 WT. BEFORE % fé
| = | FRAGMENT FRAGMENT | FRAGMENT | FIRING | RECOVERED WT. 3
f b MATERIAL | TARGET | HEAT TREAT | HARDNESS (grains) ORIGINAL WT. COMMENTS
Carpenter | .035" 800° F RC-43 549 76 g
5-876 S.S. Draw f
522A ARMCO .035" No Draw RC-43 565 79 x
S$SS-100 S.S. '
17-4 .035" ang° F RC-42 534 56 f‘
AISI S.S. AIR
630 l?
AISI-416 .035" 800" F RC-45 522 51
S.S. _
! .
: SAE .035" 800° F RC-43 549 81
: 4340 S.S. Draw b
t - |
i 526A ARMCO .035" 900° F RC-38 563 63
; HY-80 S.S. Draw
{ ;
ARMCO .035" 900° F RC-42 540 72 L
$S5S-100 S.S. Draw %
AISI-416 .035" 900° F RC-45 522 18 ;
S.S. g
' 17-4 .035" As RC-34 544 62 Erosion,
| AISI S.S. Received Steel may be t
. 630 too soft.
SAE .035" 900° F RC-43 516 . 93
i1 S.S. Draw 1
11 .035" 1200° F RC-43 556 95 One fragment 1
. S.S. (Draw in broke in half
oven) (not scabbed)
. I e - [
e 900" F | RC-43 517 75 One fragment ;
Y. broke in half ‘
\ (not scabbod)L
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TABLE NO. TI-1
SUMMARY TABLE OF
FRAGMENT SURVIVAL TESTS

SN TEST SERIES

[en}
]
]
]
(e ]
=
w
o AVE. FRAG.
= WT. BEFORE %
5 FRAGMENT FRAGMENT FRAGMENT FIRING RECOVERED WT.
e MATERIAL | TARGET | HEAT TREAT | HARDNESS (grains) ORIGINAL WT. COMMENTS
17-4 .035" 1150° F RC-34 438 95 One fragment
AISI S.S. 4 hrs. scabbed.
630
605A | Carpenter| .035" 1000° F RC-41 hES5
5-317 Steel Draw
SAE .035" 1000° F RC-40 555
4140 Steel Draw
SAE 1000° F RC-38 555
4340 Draw
SAE 1000° F RC-38 555
4130 Draw
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APPENDIX I11

METHODOLOGY FOR PREDICTING WARHEAD FRAGMENT VELOCITY
AND POLAR EJECTION ANGLE CHARACTERIZATIONS

This appendix describes the methodology used by NMT to predict frag-
ment ejection angles and velocitics for single-end initiated warheads. An
example calculation is presented for the 19" annular, 200-1b warhead design.

The basic model for predicting polar ejection angles and fragment
velocities for single-end initiated warhead is presented in Figure II1-1.
A fragments' polar ejection angle and velocity is dependent upon the frag-
ments' center-of-length distance from the booster-end of the warhead. The
vertical scale against which the fragments' polar angle and velocity arc
plotted is the location of the fragments' center-of-length with respect to
the booster-end, expressed as a percent of the warhead length.

For polar ejection angle prediction, three curves are plotted; one is
generated from NMT characterization data on warhead tests over the past ten
years, a second curve is reproduced from Waggeners report!, and a third
curve is shown which represents the "eyeball-fit" average of the first two.
The "average" curve is used for polar angle predictions. The NMT velocity
curves are intended to apply to warheads whose case thickness falls between
3 and 5% of the warhead outside diameter.

NMT's prediction for fragment velocities begins with the equation
published by C. R. Brown.* The equation is:

C/m
V=a , -
C 3-B*"-8/B+68B D
[1+6m ((1—8)(1-f§)7>] (“’r}?*a (1—8))
where v = initial velocity of metal casing (ft/sec)
C/m = ratio of charge weight to metal weight
B =

fraction of solid fharge weight removed from center of the

r
warhead; B = (7?) where ro = inner radius and r = outer
radius of the explosive

constant
ratio of outer diameter of the explosive to the length of the
explosive

a
D/L

1 A preliminary, unnumbered, copy of a report entitled "The
Performance of Axially Initiated Cylindrical Warheads", Sam Waggener,
Naval Surface Weapons Center/Dahlgren.

* Report No. TD-999, Extension of the Gurney Derivation to Solid and
Hollow Cylindrical Warheads Having Finite L/D by C.R. Brown, Johns Hopkins
Univeristy, Applied Physics Laboratory, May 1968 - Report Declassified.
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NMT uses « = 9300 for C-4 explosive. The velocity predicted for a
warhead using this equation is the 1009 value indicated in Figure I11-1.
This value of velocity is then used in conjunction with the appropriate
velocity curve to the fragment velocity as a function of its location
along the length of the warhead.

Note that the predicted fragment velocities do not account for any
velocity loss through a shroud. For a typical shroud (e.g. about 0.100-
inch aluminum) 5 percent loss is a good estimate of velocity loss.

i
i
I
I
I

N e
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l POLAR EJECTION ANGLE
(0° = BOOSTER END)
80° 90° 100°
|| 100 ' L
| 90_ ! '.
] NMT VELO. ITY: %
0. , CASE = 3 of 0.D. |
! * CASE = 4 of 0.D. !
I
CASE = 5% of 0.0.
70 —
60_| :
FRAGMENT \
CENTER-OF-LENGTH
LOCATION 50
(%2 OF WARHEAD .
LENGTH FROM POLAR
BOOSTER END) EJECTION |
ANGLE ' !
40 _ !
}
VELOCITY PER |
30 WAGGENER ,
i
20| WAGGENER / i
AVG. ‘
PREDICTED VELOCITY
BOOSTER PER C.R. BROWN
; EQUATION
o/ ,’,
. |
/ /. /, J
v | ] L) | 1 1 1
| 60 70 80 90 100 110 120
. VELOCITY (.. OF PRCDICTLD VELOCITY
, I PER C. R. BROWN LQUATION)
[ ’ NMT METHODOLOGY FOR PREDICTING WARHEAD CHARACTERIZATIONS
FOR SINGLE-END INITIATED WARHEADS
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19-1NCH-DIAMETER WARHEAD-SECTOR CALIBRATION-TESTS
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APPENDIX 1V
19-1NCH-DIAMETER WARHEAD-SECTOR CALIBRATION-TESTS

A.  BACKGROUND

The HIBAL program includes a plan to conduct a test of a HIBAL warhead
against an aircraft target with a running engine, to demonstrate the HIBA.-
warhead capability to cause fuel-ingestion kills of the engine. One solution
to the blast problem created by an explosive charge of the size associated
with a 135 to 200-1b warhead is to fire a sector of a warhead (which would
greatly reduce the weight of the explosive involved). Two! tests were conducted
of approximately 60-degree sectors of a 19-inch-diameter warhead, to
demonstrate that both the fragment pattern and velocity representative of
the complete warhead” could be achieved (with the significantly-reduced
explosive weights of the sectors).

B. SECTOR DESIGNS

The sector designs are presented in Figures IV-1 and IV-2.

1. Test QNGSL1A0

The warhead sector had a 0.438-inch case-thickness, and was 11.5-inch
long. The casc was SAE 4130, hardened by quenching in water and drawn
at a temperature of 800-degrees (F), to RC-42. There were thirtcen,
circumierential opposed-grooves to provide for fourteen rows of equa)l
length (0.821-inch) fragments. Eleven of the circumferential opposed-
grooves provided for 0.100-inch remaining metal between the opposed grooves.
The two circumferential grooves closest to the booster-end of the warhead
provided for 0.235-inch remaining metal?,

The longitudinal opposed grooves were spaced 0.770-inch apart (inside),
and were 0.130-inch deep, inside and outside, to provide for 0.178-inch
remaining metal. The recovered fragment weights were expected to be
between 440 and 470-grains.

The weight of explosive (C-4) in this sector was 23-1b, and the case
weight was 14-1b.

1 Both 7/16-inch and 1/2-inch case-thicknesses were tested, these two
thicknesses providing the desired static-ejection-velocity for shroud-thickness
choices of 0.080-inch and 0.020-inch, respectively.

? The desired fragment pattern would be identical to that obtained in
Test QNO409A0 of a full scale 19-inch diameter warhead; the desired fragment
velocity would be about 6000-ft/sec, slightly higher than static ejection
velocities of the warhead, to approximate the dynamic enhancement occurring
in the intercept environment.

¥ The normal shock wave incidence to the fragment case near the booster
end provides for proper lengthwise breakout with more metal remaining between
the opposed grooves.
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2. Test QNO819A0

The warhead sector had a 0.5-inch case thickness and was 11-inch
long. The case was SAE 4130, hardened by quenching in water and drawn
at a temperature of 800-degrees(F), to RC-42. There were thirteen
rows of equal length (0.821-inch long) fragments plus a short ring
(0.321-inch long) on the non-booster end*. Eleven of the thirteen,
circumferential opposed-grooves provided for 0.100-inch remaining metal
between the opposed grooves. The two circumferential opposed grooves
closest to the booster-end provided for 0.185-inch remaining metal between
the opposed grooves®. The longitudinal grooves were spaced 0.808-inch
apart (inside), and were 0.140-inch deep, inside and outside, to provide
for 0.220-inch remaining metal.

The expected recovered fragment weight was 518-grains (based on 15%
weight loss in fireforming). The explosive weight was 24-1b, and the
case weight was 16-1b.

C. TEST ARENAS

The test arenas are presented in Figures IV-3 and IV-4. Both test arenas
included a Celotex pack to recover fragments, and a witness sheet for charac-
terizing fragment pattern and velocity. The arenas differed only in the height
of the Celotex packs and witness sheets, the second test (QNO819A0) providing
for 12-ft-high witness sheets and Celotex because in the first test (QNO811A0)
the booster-end row of fragments went over the top of the 8-ft-high witness-
sheets and celotex.

D. TEST RESULTS
1. Test QNO811A0, (0.438-inch-thick case)

The recovered fireformed fragments were of excellent quality in terms
of both fragment shape and weight. The weights of the recovered fragments
are presented in Table IV-1

The fragment pattern measurements and calculated polar ejection angles
are presented in Table IV-2. The velocity and polar ejection angle data
are presented in Figure IV-5.

2. Test QNO819A0 (0.5-inch-thick case)

The recovered fireformed-fragments were of excellent quality, in terms
of both fragment weight and shape. The weights of the recovered fragments
are presented in Table [V-3.

The fragment-pattern measurements and calculated polar-ejection-angles
for the fragments are presented in Table IV-4. The velocity and polar-
ejection-angle data are presented in Figure IV-6.

E. CONCLUSIONS

The fragment polar ejection angles were nearly identical to those measured
in the 19-inch diameter annular warhead test (QNO409A0) and the fragment
velocities were somewhat higher than the warhead, as desired. Thus, the primary
conclusion of these tests is that the warhead sector from test QNO819A0 can be
used in the running engine demonstration tests.

4 The fragment case was originally made 11.5-inch long with fourteen rows
of equal length fragments. One-half inch was cut off the non-booster end of
the case to correspond to the length associated with a 19-inch diameter 10.6-
inch 1.D., 200-1b annular warhead.
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TABLE V-1
" WEIGHTS OF RECOVERED FRAGMENTS

TEST QNO811A0

(NOTE: FRAGMENT PREDICTED WEIGHT
WAS 440 to 470-grains)

425
387*
482
441
426
437
436
422
458
497
439
410
442
422
414
431
415
431
474
385+

AVERAGE FRAGMENT WEIGHT = 439-grains
* Fragments hit steel banding strip on Celotex
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| TABLE IV-2
' TABLE OF FRAGMENT HIT LOCATIONS ON ;
15-FT WITNESS SHEET AND CALCULATED ~
' POLAR EJECTION ANGLES
TEST QNO811A0
' FRAGMENT | FRAGMENT C.G. FRAGMENT COLUMN FRAGMENT COLUMN |4
ROW NO. | DISTANCE FROM NUMBER 1 NUMBER 2 :
BOOSTER-END OF | "HIT LOCATION CALCULATED HIT LOCATION | CALCULATED £
l (ROW 1 = WARHEAD RELATIVE TO | POLAR EJECTION | RELATIVE TO POLAR |
BOOSTER END (inch) BOOSTER-END ANGLES BOOSTER-END EJECTION 3
1 ROW) OF WARHEAD (degrees) OF WARHEAD ANGLE
! (inch) (inch) (degrees)
1 - 0.4 * * * *
2 - 1.2 +17.8 +6.0 +17.0 +5.8 |
3 - 2.1 +4.8 42.2 + 5.0 +2.2
4 -2.9 - 5.3 -0.8 - 5.8 -0.9
5 - 3.7 - 8.8 -1.6 -10.5 -2.2
6 - 4.5 -11.5 -2.2 -12.8 -2.6
: 7 - 5.3 -15.0 -3.1 -15.0 -3.1
| 8 - 6.2 -17.5 -3.6 -17.8 -3.7
E 9 - 7.0 -18.0 -3.5 -20.3 -4.2
10 -7.8 -19.3 -3.6 -21.8 -4.4
11 - 8.6 -21.8 -4.2 -24.0 -4.9
12 - 9.4 -25.0 -4.9 -26.3 -5.3
13 -10.3 -26.0 -5.0 -28.0 -5.6
14 -11.1 -34.3 -7.3 -35.5 -7.7

* Fragments from Row 1 went over top of witness sheet.
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FRAGMENT ROW NO.
(ROW-1 =
BOOSTER END
ROW)
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* Scabbed.

TABLE IV-3

WEIGHTS OF RECOVER

ED FRAGMENTS

TEST @QNO819A0

RECOVERED FRAGMENT WEIGHTS (grain)

(NOTE: FRAPMENT PREDICTED WEIGHT

WAS| 518-grains)

* * %k
565 588 574
545 549 *k
525 519 *x
520 525 531
523 531 **
532 526 529
529 522 **
523 520 514
514 526 *x
514 515 523
509 512 **x
534 529 472%**

** Fragments exited side of Celotex and were not recovered.

*** Fragment hit steel banding strip on Celotex.

e

.
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15-FT WITNESS SHEET AND CALCULATED POLAR EJECTION ANGLES

TABLE IV-4
TABLE OF FRAGMENT HIT LOCATIONS ON

TEST QNO819A0

FRAGMENT COLUMN

FRAGMENT COLUMN

5 NUMBER 1 NUMBER 2
FRAGMENT C.G. FRAGMENT IMPACT | CALCULATED | FRAGMENT IMPACT | CALCULATED
DISTANCE FROM LOCATION AT FRAGMENT LOCATION AT POLAR
BOOSTER-END OF 15-ft RADIUS POLAR 15-ft RADIUS EJECTION
FRAGMENT WARHEAD RELATIVE TO THE EJECTION RELATIVE TO THE ANGLE
ROW (inch) BOOSTER-END ANGLE BOOSTER-END (degrees)

OF THE (degrees) OF THE

WARHEAD WARHEAD

(inch) (inch)

1 - 0.4 +64.0 +19.7 +59.8* +18.4*

2 - 1.2 +15.5 +5.3 +14.0 + 4.8
3 - 2.1 + 3.3 + 1.7 + 5.0 + 2.2
4 - 2.9 - 4.5 - 0.5 - 6.3 - 1.1
5 - 3.7 -12.0 - 2.6 -11.3 - 2.4
6 - 4.5 -13.3 - 2.8 -12.8 - 2.6
7 - 5.3 -15.8 - 3.3 -17.0 - 3.7
8 - 6.2 -19.3 - 4.2 -19.8 - 4.3
9 - 7.0 -22.3 - 4.8 -21.5 - 4.6
10 - 7.8 -25.0 - 5.5 .-23.5 - 5.0
11 - 8.6 -26.5 - 5.7 -26.3 - 5.6
12 - 9.4 -28.5 - 6.0 -28.3 - 6.0
13 -10.3 -30.5 - 6.4 -30.0 - 6.3

* Average of two pieces, fragment

apparently broke
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