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FOREWORD

This progiam was conducted under Project 2549-01, Terminal Effects
Versus Mt Targets, and Armament Devolopment and Test Center (ADTC) Zest
Mo. 25496001, Ssall Arms Firings Versus Aircraft Componemts. The work was
perforend in support of Air Force Flight Dyramics Laboratory (AFFDL) Task
142803, Passive Defense Provisions for Personnel Protection, from Cctober
1938 to March 1969.

) The guidance and assistance provided by Messrs. George ¥. Duckev and
Micheel R. Gromosiak of AFFDL are acknowledged. The excellent perforsance
of mukiitions and electronics par-~aunel of the Damage Mechsnisms Branch
(PLAD) is also appreciated. Acknowledgement is extended to Vitro personmel
st Test Areas C-74 and C-74L for their outstanding support during target

preperation and damage data collection.
This technigal report has been reviewed and is approved.

] ’ olonel, U
Chief, Wenpons Effects Nivision
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ABSTRACT

This report discusses the methodology used tu :omduct ballistic tests
in support of an experimenta] armor systeam for the protecticn of asircrow
sembexs. The system was designed to protect crew masbers of high perform-
amce aircraft and was installed on an obsolete F-39J airersft for
dostructive tests. Shots were fired with .3C caliber snd .50 celiber
AP-M2 and 20um fragment simulating »Zojoctiles. Field firipg records of
all shots sare contained in Appendix III. wo analysis of the field data
was made ir this report.

Distribution limited to U. S. Government agencies only; this
report documents test methodology and ballistic testing of an
experimental aircraft passive defense armor system; distribution
limitation applied .July 1970, Other requests for this document
must be referred to the Air Force Armament laboratory (DLRV),
Ezlin Air Foree Base, Florida 32542,
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SECTION [
INTRODUC T 1ON

The overall purpose of this program was to evaluste s passive defense
system for fighter aircraft crew statica protection. . The system consists
of & series of araor panels placed in svlected positicns around the crew
statiom of the sircraft.

The approach used in this development prugraa was to:

® Conduct a parasetric study of the threat to typical combat
aircraft.

® Prepare a design manual for crew station passive defonse
provisions. ‘

® Design and construct an experimental systes.

® Conduct ballistic tests on the experimental system.(l)

The first three portions of the development program were performed by the
Aircraft Armament Incorporated (AAl) Corporation under contract with the
Air Force Flight Dynamics Laboratory (AFFDL). The AAI Corporation also
prepered the initial ballistic firing program and instzlled the armor on
the aircraft.

This report is oresented in two phases:

I. The methodology used to transform the contractor original firin,
progranm.

2. A description of the ball:stic tests conducted by the Air Force
Armament Laboratory in svpport of the Air Force Flight Dynamics
Laboratory program.

An obeolete F-89) aircraft was used for these tests since it was readily
avallakle for destructive testing. The experimental system was designed
to fit the F-89J and was installed in this aircraft.



SECTION II
DESCRIPTION OF EXPERIMENTAL ARMOR

The waperimeats] armor system was composed basically of two types of
aymor: Gusl hardmness steel ) sreor and ceramic covposite srwor. Both
typee were designed te defeat up to .50 caliber armor piercing (AP) armm-
nition at service velocity and normal cdliquity. Panels of DHS srxor were
placed on the outside skin of the fuselage on both sides of the cysw
station (Figures 1(A) and 1(B)]. These panels were formed to fit the shape
of the fusolage. Another pane! of DHS axmor was placed directly forwerd
of the front cockpit instrument panel. This panel wes held in place by
metal fsstemers bolted to the floor and to the fuselage bulkhead [Figures

2(A) and 2(®)].

DHS and ceramic composite-type armor panels were placed on the floor
of both cockpits, as well as on the bottom part of the side comnsoles.

[
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SBCTION 111
TEST SETUP

The firing plan proposed by the AAI Corporsticn was desigaed to simu-
lste sumll arms Mfin.homﬁdmﬁtamtmmaﬂto
small arms firo from several selected attack aspect angles and impact
velocities simuilsting actuzl combat conditicas.

In -nu e seloction of thevs test paramsters, the aircraft was

assused to be veling on level flight at a spesd of 520 knots and an
altitude of 200 feet. Under these comaltions, the striking velocity of
the projectile was calculated for each attack aspect amgle, taking into
consideration the projectile standard muzzle velocity, its velecity degra-
dation with distance, and the aircraft velocity vector relative to the
projectile velocity vector. Impact velocities for both .30 caliber and
.50 caliber AP-H2 ammunition were calculated. In addition, several shots
wore firsd, using 825-grain 20mm fragment simulating projectiles (FSP's)
to represeat explosive warhead demage. All firings with 20mm FSPs were at
3500 fps impact velocity.

A total of 48 shots was proposed in the contractor :est plan, divided
Anto 28 shots of .50 caliber, 12 shots cf .30 caliber, and 8 shots of 20mm
FSPs. Al]l shots were directed toward the following four target points:

Target Coondinstes
Pilot's head 0, 215.5, 52
Pilot's torso ¢, 215.5, 33
Radar operator's head | 0, 267.5, 54
Redar operator’s torso 0, 267.5, 36

The coordinates are expressed in inches, and the origin is the forwardmost
woint on the airereft. The coordinate system is right-hend cartesian with
the positive v direction form nose to tail and the positive z directiom
from bottom o top.

In ovder 2o ,peczfv the line ef fire, the components of 2 vectow of
2ry lemath along the line of Tire were defined. Figure 3 Aiivﬁl? te
3 “%ﬂ rroblem. The point F represents tmﬁ “@*g:* e ¥
Fired ghove). The point Pa is wAL
The three comporenis of che ,M"’“:’"'

R N s ., ; £ ot - ooy
LA e SR AT b TIPS S Y A o bl
Co o rmzers ol the lian of fire.



truxmsmampmmbymmm. Ton
point poids to the coordinates of the indicgted tawges peint, -

and tho mamm are the componeats of sn arditzsry vettor LV
. 0 & g Lo
along the lime of fire.

Tigure 3. Geometyy for the Definitien of the Line of Fire
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SECTION 1V
TRET NETHODOLOGY

In arder to ssteblish the ‘nirod projectile trajectorios, it was

to transform the formst of the firing plam. The approach taken

to uso the ins Twble 1 to gemerate, for each shot, an aiming
umwuﬁmumummumzm angles of

1ine of fire relative o the urgct Ia this format, the gum can be

sighted on s visible simimg point, and stimuth end elevation angles can be

easily moasured with a ttaut sad 3 theodolite-type angle gaige.

With reference to Figure 4, and using the right-hand cartesian
coozdinete system descrided im Secticn III of this report, the azimuth
sagle of a vector is the aagle between the positive X-axis and the projection
of the vector on the X-Y pisne. The angle is considered positive when
ssasured from X toward Y amd i3 considered negative when measured from X
toward -Y. The szimuth is idemtical to the angle 8 as defined in spherical
coordinates.

|

E

d:

The elevation sagle is the smallest angle between the X-Y plane and
the vector itself. The sngle is considered positive when measured from
the X-Y plane toward Z ead is considered negative when measured from the
X-Y plane toward -Z. The vector is slways poesitioned with the nose at the
origin. The elevatiom amgle corresponds to the angle (90 - 0) in spherical
coordinates. In calculating this angle, the coordinate system in the air-
craft was changed letting the X-axis go along the fuselage. The origin of
the system was changed to coincide with fuselage station zero (the forward-
most point of the aircraft is fuselage station -10.91). Therefore, the
X-coordinates represeat fuselage stations, the Y-coordinates represent
wing stations, and the Z-coordinates represent water lines (all in inches).
The origin (0, O, 0) is thex 3t fusslage station 0, water line 100, and the
centerline of the aircraft (Figure S).

Using these rules, the firing plan was transformed. The first step
was to define, for each shot, tae ecuation of the firing line in space.
Then a computerized geometric model (2), (3), (4) of the F-83J aircraft was
used to calculste the intersection of this line with the aircraft skin
(elming poin?) and the azimuth and elevation angles. Appendix I presents
an erxplamation of ths problem mathematics.

Table [! presemts the transformed firimg plan. The impact points ave
wmressed by Tuselage stations and either water lines or wing stations
(mza o 5018 encounter the wing of the ajrcraft). A&s can be seen in

ke elmwoa sngiss sxe negative since the firing pisan simulates

- the sireraft i level flight. This reogquiremont precented
;’mﬁiti@iw the elrcreft and oun for firings. Following

cogrendstiont, ¢ Jimited ot of dismantiing wro reorformed

i}



Figure 4. Definition of Azimuth and Elevation Angles
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on the siversft to permit positioning of tho sircraft relstive to the gm.
The dismentlizg consisted of (1) unbolting the right uing from the fusslage
(ving ststiaoa 41),(2) cutting the left just ocutside the main landing

gear (approximets wing station 150),and (3) cutting the ecmpsnnage asseably
at appmaxilstoly station 493 (Figure 5). With this amount of dissssesdly,
it vas possible to select comvenient positioms of the aircraft and gun.

Six basic positions were selected for the aircraft. By repositioning
the gun, these six positions allowed firing of all shots. The positions,
expressed in terms of the angle between the section of the left wing ou the
aircraft and the horizontal,are 90°, 80°, 55°, 45°, -55°, and -90°. Although
the azisuth orieataticn of theKaircraft had to be changed several times to
conform with range safet)y procedures (downrange firing), these positions
allowed for a minimum of time-consuming sircraft moveaents.

Figures 6 through 9 show the target aircraft ready for firings in
the 90° position. Due to the relatively compact shape of the aircraft after
disassembly, it was found that it will actually rest in place in this posi-
tion. However, sandbags were placed all around the aircraft for additiomal
securing and safety.

Figures 10 and 11 show the aircraft in the 80° position. In this
case, additional sandbags were placed under the right wing attachment
.sectinn to obtain the desired angle.

The 45° position of the aircraft is illustrated in Figure 12. Again,
the aircraft was secured in place with sandbags under the main fuselage.

In order to obtain the -55° position, it was necessary to dig a trench
for the left-wing section of the aircraft. Figures 13, 14, and 15 show this
position. Sandbags were again used to secure the aircraf* in place.

The remainirg 55° and 90° positions were obtained by varying the 45°
and -55° positions.

Since 2il angles were measured relative to the horizontal plane, it
was necessary to transform the firing plan in Table II again. The approach
was to perform a transformation of coordinates for each position of the
aircraft and to calculate the azimuth and elevation angles in relation to
the ccordinate system on the ground (the X-Y plane being the horizontal
plane). Appendix Il precents a detailed treatment of the approach used.
Table II1 presents the final firing plan used in the test.

In addition to the transformed test program, several additional shots
"xi.fxred after coupletion of the program. These shots were nacess1tated
bv the following observations:



3. West owtoide peszls were wmtouched ot the end of the fiving
progrea.

4. RMicochets resulted from shots with high obliquity impect
saglec then striking directly on sxmor.

Based om these cbssrvatices, 21 sdditional tests were conducted, all
at sormal obliquity to the target. Test conditions were as follows:

1. .50 caliber AP at 3500 fps iﬁ.ct velocity dizectly at a panel.

2. .50 csliber AP st 3500 fps impact velocity at an attachment
bolt om a pamel.

3. .50 caliber AP at 3500 fps {mpact velocity directly at a
fracture on a panel (several external panels fractured).

4. .50 caliber AP at 3500 fps followed by three shots of .30
caliber AP at 3200 fps (multiple hits) directly at a panel.

S. .50 caliber AP at 35(C fps followed by two shots of 20mm FSP
at 3500 fps directly on a panel.

6. 14.5mm API at standard velocity directly on a panel.
7. 20mm HEI at standard velocity directly on a paneil.

17.
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Figure 10. Terget Aircraft in 20° Position, Top View



Figure 11. Target Aircraft in 80° Position, Bottoam View



Figure 12. Target Aircraft in 45° Position



Figure 13. Target Aircraft in -45° Position, Top-Left View
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Figure 14.

Target Aircraft iu -45° Position, Top-Front View




Target Aircraft in -45¢ Position, Bottom View

FigfLre 15.
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SECTION V
SUMBIARY

This report preseats the methodology that was used to transform 2n
original firing plan into a usable bellistic field test progrsm. This
transformation detatmined relationships of the target aircraft's
coordinste system with respect to a fixed ground coordinate system. In-
cluded in field note farm are the transcripts of the firing records (See
Appendix III). Appendix iV explains the loading techniques used and pre-
sents load versus impact velocity tables obtained during these tests.

After installation of the armor panels, several fractures were
observed on exterior panels. Only panels that had been shaped to fit the
aircraft skin contour suffered these fractures. This phenomenon was not
investigated.

This report made no attempt to analyze the firing data generated during
the ballistic tests. A follow-on program will be conducted at Air Force
Flight Dyaamics Laboratory to determine these results.



APPENDIX 1
TRANSFORMATION OF THE FIRING PLAN

In order to transform the firing plan in Table I into that in Table II,

the MAGIC combinstorial geometry ccmputer program was used. This program
is mormelly used in vulnerability assessments of vehicular targets.

The MAGIC program produces a computerized geometric model of targets
by combination of basic solid figures. Eight basic figures are used: sphere,
roctangular parallelepiped, ellipsoid, right circular cylinder, truncated
right circular cone, right elliptical cylinder, right angle wedge, and
arbitrary coavex polyhedron (4, S, or 6 sides, 3 or 4 vertices). In
applying the combinatorial approach, each one of these figures must be
considered zs a set of geometrical points in space. The figures are then
combined into regions using three logical operators: +, -, and OR. These
operators have the meaning of intersection, difference, and union, respec-
tively. By position and super-position of the eight basic solids and their
combination using the three operators, any solid in space can be approxi-
mated to any desived degree of accuracy.

Figure I-1 illustrates the use of these operators. In Figure I1-1{A)},
two bodies e.g., sphere and a rectangular parallelepiped are shown as
+'described in space. Figures I-1(B) through 1-1(C), and I-1(D) illustrate
- possible combinations of these bodies into regions which can be described
as follows:

Body 2 Body 3 Region 1 Region 2 Region 3

>N\

(A) (B)

. W
’0‘0'0’0’

\d
N
MO
N e

Region 1 Region 1 Region 2

Figure I-1. The Use of Lagical Cperators in MAGIC
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s. Pigere 1-1{9):
Regi

b. ¥ -3(C):

c. Figure 1-1(D):
Region 1 = +2-3 _
Region 2 = ORI + 20R3

f

In its normsl operation, MAGIC generates random paraliel rays from
specified attack aspect angles. Each ray is traced through the target,
and for esch component (region) emcountered the following informatiom is
genersted: entrance obliquity angle, line-of-sight distance, and normal
distance (distamce through the compoment on 2 line normal to the entering
surface). These data, in comjunction with penetration mechanics and com-
ponent damage dats, are used to make vulnerability estimates of vehiculer
targets to single fragments ard projectile impacts.

The MAGIC program includes a special subroutine (subroutine TESTG)
used to gemerate specific single rays. This subroutine is normsally used to
debug errors in body or region descriptions. By specifying a starting
and ending point in space, this subroutine will generate 2 ray between the
two specified points. At each intersection with a region, it will print
out the coordinates (x, y, z) of the contact point, the distance traveled
from the previous contact point, and the total distance from the starting
point. In addition, it will calculate the direction cosines for the ray.

Subroutine TESTG in the MAGIC program was used in transforming the
firing plan in Table I to that in Table Ii.

From Table I the point P in each shot line is the target point (pilot's
head, pilot's torso, etc). The direction mmbers describe a point:

Pl (x + &x, y +« Ay, z + Az)

where x, y, z are the coordinates of P, and Ax, Ay, Az are the directicn
numbers. From the magnitude of the direction mmbers, it can be seen that
the point P, lies very close to P, and both lie inside the aircraft. 1In
order to usé MAGIC for calculations of the entrance points, it was necessary
to calcsulate starting points outside the target. The equaticn of the line
in peravetric form was used:

st
[y
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y=tx-x)
yl =t (’2 - yl) a’l’
z, = t (z2 - zl)

~
'

x - x . ¥ i z -2

| (1-2)
or ax ay Az

In this case the coordinates of the point P were used as X)» Y0 20 and
X, ¥y, 2 are the coordinates of the point sought.

Using Equation (I-2), an aribtrary starting point outside of the
aircraft was calculated for each shot line. This point, along with point
P, was used as input to the Magic TESTG subroutine.

In order to facilitate usage of the output, a coordinate system was
selected to coincide with the aircraft fuselage station - water line -
wing station coordinate system. The system was a right-hand cartesian one,
with origin at fuselage station 0, water 100, along the fuselage centerline

" (see Figure S).

In aiming the shots, it is convenient to use azimuth and elevation
angles insteaad of direction cosines (see Figure 4).

If an arbitrary vector with length R and components x, y, z is con-
sidered such that the angles between the vector and the X, Y, Z axis a,
B, and vy, its respective direction cosines X, i, and v are:

A = cos a
' = cos & (1-3)
V = COs Y

From basic trigonometry, it is true that:

S X

A= R

L=t (1-4)
R

veZ
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(i-4)

If an arbitrary vector of lemgth (R=1) is selected from Bquatioce (I-4),
the direction cosines sre idemticsl to the x, y, z compoments. Therefore,
A, 4, V can be used in place of x, ¥, and z in Equation (I-5).

This method was applied in calculating the azimuth and elevation
angles listed in Table Il1. The fuselage station, water lipe, and wing
station mmbers were obtained directly from the MAGIC TESTG output. Note
that, knowing whether the shot comes from the left or right side, omly two
of these three coordinates are needed to define an aiming point on the
aireraft skin.

i{l



Arrapn 11
TRANSPORATION OF COURDIRATES

In ovder to facilitate the actual aiming of the gum, a fized ccondiaite
on the ground was selected. A tramsit was used in msasuring azimmth

sd su sagle gauge for messuring elevation angles (the angle gewge

works with gravity). Mowever, Sectiom III depicted positioms of the air-

creaft at severai angles with the ground (see Figures 6 through 15). There-

forve, for h position of the aircraft, the aiming angles of the shots to

be fired from that position were transformed from the aircraft coordinste

the ground coordinate systea.

L ]

Figure 1I-1. Transformation of Coordinates
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(73}




Witk refesunce to Figore II-1, 1ot the umprimed ceovdimste system bo Jtxed
te the atreraft with the x-axis coincidisg vith its centevliime. The prime
syvtens them vill be fixed to Cho ground. Let a bs the sagle of ths ground
TOSPS (the mogative of the position angle listed
iz THhle II1). This cholce of covrdinetes reduces the problem to ame of
s yotsticn ; . For dn arbitraxry vector with coeponents x,
Y, 2, ity tramsformed x*, y', z' compoments (for any arbitrary rotatiom)

x*=x,0 + ¥, ¢

1l 12 ¢ s 11
' =
y' = Xy, ¢ ¥ll,, ¢ 2y,

th

where 9& is the direction cosine of the i prime axis with respect to the

ku_‘. the unnrimed axis,
From the definition of nik and Figure II-1, it can be seen that:

2n"0 (11-2)

9] = sin &

Qsz = COS Q
Substituting Equation (I1-2) into Equation (I1-1):
y' = x
y' =y cos ¢+ 2 sina (11-3)

z' = -y sin = 2 cos a



—

From Buation (I-4), Appeadix 1, a vector, starting st the origin sod
Maviag unit leagth, has its x, y, z components equivalent to its dirvectioa
cosines. Thervefore, vith the directiom cosimes calculated bty the competer
(Appendix 1) and the amgle betveen the sircraft wing (y-sxis) and the
ground, Equation (I1-3) can be used to calculate direction cosines for any
shot lime with rospoct to the grousd coordinates. These generated values
csa then be substituted into Equation (I-5), (Appemdix I), to calcuiate
azimuth and elevation angles of the shot lines relative to the ground.
This method vas employed in generating the angles given in Table III.




A"RZIX 111
FIRING RECORDS

This contsins the tramscripts of the firing records pre-
pared during the inspection after each shot. No sttespt wes made to
reduwce cr analysze these data. All firings were conducted om Test Area
C-74L of the Eglin AFB reservation.

FIRING RECORDS

Date: 29 Oct 68 Round No. 1

Shot No. 2 Projectiie Caliber: .50
Range: C-74L Gunner: Clyde ¥allace
Rocorder: George W. Ducker

Réquirea Vel: 3450 fps Actual Vei: 3524 fps
Powder Type: IMR 4350 Powder Wt: 365 grains

Rewarks: Firing occurred at 1040. Projectile impacted witMin an inch
of the target point, left of the vertical iine, just aft of the radome
bulkxhead. It ponetrated the ieft radsar compartment access door, emerging
at the second rib. From this point the projectile either broke up into
. & mumber of pieces, generated a number of spall particles, or toth.

Some particles dammaged the inside skin of the radar compartmen® door
aft of the point of penetration. Other particles plowed through the
upper right corner of a component mounted on rack No. 51449363-589,
severed a wire bundle, and nearly severed a tube which passes over

the top of the compcaent. Two holes and a dent were made in the aft
radar compartment bulkhead (the forward bulkhead of the forward fuel
cell) at wicely separated points, indicatin; that at least iwo particles
penetrated the forward fuel cell. During damage assessment, a strong
fuel odor was ncted. The nosec tank fuel filler cap was loosened. Fuel
poured out. The cap was removed, and the fuel was allowed to drain.

Date: 29 Oct 68 Round No. 2

Shot No. o Projectile Caliber: .50
Range: C-74L Gunner: <Clyde Wallace
Recorder: George #. Ducker

Required Yel: 3480 fps Actual Vel: 3494 fps
Powder Type: IMR 4350 Powder Wt: 365 grains

Remarks: Firing occurred at 1325, At projectile impact, a fuel fire
erupted in %he fuel cell. The firc spread to the ground through the
rote tank fuei filler opening. It was smothered with portsble o,
extinguishers. The projectile impacted within an inch of the target
roint, left of the vertical centerline. It penetrated the left radar
compirtesn? access door, mdout two inches forward of the aft edge;

38



ponatrsted the forward bulkhead of the forward fusl cell mear tho :inld
line; and pemetrated the aft fusl cell bulkhead breaking up a large
saction of a stiffemer flamge. A large number of particles gouged demts
in the mext bulkhead. The major particle penetrated the cospartmsent,
almost complrtely severed a wire bundle, and made a small dent in the
forwvard surface of the forward ammor panel. A large piece of the round
was recovored in the compartment forward of the fromt arsor panel. It
was spproximately a third of the projectile mass--the rear part. It is
doubtful that the projectile would have penetrzted the aft fuel cell
bulkhead had the fuel cel!l been full.

Date: 1 Nov 68 Round No. 1

Shot No. 9 Projectile Caliber: .50
Range: C-74L Gunner: Clyde Naliace
Recorder: George W. Ducker

Required Vel: 3490 fps Actual Vel: 3515 fps
Pcwder Type. IMR 4350 fowder Wt: 365 grains

Remarks: The projectile impacted less than an inch from the target
point. It damaged the base of the left forward pitot tube, penetrated
the skin into the radio and electrical compartments, penetrated a
bulkhead and shelf installation, cut the pitot installation cable, and
damaged an instrument mount, breaking up in the passage. Four large
particles penetrated a partial bulkhead, damaging Nadar Controls No. 1
and 2, and impacted against the forward armor panel. Four surface scars
were left on the armor panel.

Date: 1 Nov 68 Round No. 2

Shot No. 7 Proiectile Caliber: .50
Range: C-74L Gunner: Clyde Wallace
Recorder: George W. Ducher o

Required Vel: 3520 fps Actual Vel: 3534 fps
Powder Type: [IMR 4350 Powder Wt: 365 grains

Remarks- The projectile penetrated the skin into the forward fuel cell,
apparently breaking up 1n the process. At least two particles penetrated
the aft fuel cell bulkhcad in two places, damaged fuel line 5104587 in
twe places and cospartment vent 5104587 3413, penetrated the next bulk-
head 1n one place, and tore a large hole in the next bulkhead adjacent

to Nadar Controis No. 1 and I, further damaging them. Two almost imper-
ceptible dents were nade in the front armor panel. Further inspection
revealed that one particle was deflected by fuel line 5104587, resulting
17 a deep creasze 37 *the jine. A small picce of the tip of the projectile
=35 recovered. [t was photographed.



Oate: 25 Nov 68 Round No., 1

Shot No. 33 Projectile Caliber: 20am FSP
Range: C-74L Gunner: Clyde Wallace
Recorder: M. R. Gromosiak

Required Vel: 3500 Actual Vel: 3565 fps

Powder Type: IMR 4350 Powder Wt: 425 grains

Remarks: The FSP impacted directly on the aiming point and traveled
through the naceile tail-cone assembly. It was recovered from the
cavity behind the access door in fromt of the jack pad location sign.
Secondary fragments created by the FSP penetrated into the engine outlet
(afterbumer), and some were Jdeflected outward from within the engine
through the aircraft skin forward of the impact point. The FSP weight
after impact equaled 694.2 grains.

Date: 26 Nov 68 : Round Ne. 1

Shot No. 32 Projectile Caliber: 20mm FSP
Range: C-74L Gunner: Sgt Farris

Recorder: M. R. Gromosiak '

Required Vel: 3500 fps Actual Vel: 333 fps

Powder Type: IMR 4350 Powder Wt: 425 grains

Remarks: The FSP impacted the aircraft exactly on the aiming point.
It perforatec an insulated hose just behind the ou.side skin. The path
for the FSP could not be traced any further.

Date: 26 Nov 68 Round Ne. 2

Shots No. 14a and 14b Projectile Caliber: .50 AP
Range: C-74L Gunner: Sgt Farris

Recorder: Mr. M. R. Gromosiak

Required Vel: 3170 fps Actual Vel: 3155 and 3175 fps
Powder Type: IMR 4350 ‘ Powder Wt: 305 grains

Shot 14a /

Remarks: The projectile impacted the airEraft five inches above the
aiming point. It penetrated into the enginc inlet dome. It continued
through the inlet, penetrated the otherdgide, and entered the pilot's
cockpit thrcugh the forward end of the dutboard throttle slot in the
control pedestal in the left-hand console, creating secondary fragments
that impacted aiong with the projectile into the inside surfacc of the
cockpit just beius *he forward left comner of the canepy. No secondary
fragments imgicted the wallboard blocks located in the cockpit. The
projectile wés recovered intact. Sinde the aiming point for shot No. 14
~as missed |y such a wide margin, it ﬁas decided to repeat the shot.

40
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1
The projectile impeacted directly om the and
into the imlet. After perforsting the engine inlet dome,

t dispersed dowmward to the left of the path foilawed by projectile
14a. The path of the projectile could not be traced after impacting
the other 3ide of the inlet.

Date: 27 Nov 68 found No. 1

Shot No. 36 Projectile Caliber: 20mm FSP
Ramge: C-74L Gunner: Sgt Farris

Recorder: M. R. Gromosiak

Mequired Vel: 3500 &ps _ Actual Vel: 3497 fps

Powder Type: IMR 4350 Powder Wt: 430 grains

Remarks: The FSP impacted the aircraft two inches above the aiming
point. It eantered the cockpit through the left conscle just aft of the
control pedestal and just outboard of the flap control. It passed
through the cockpit undisturbed, impacting the ground approximately 25
feet away from the aircraft. Examination of the line of fire for the
FSP indicated that an error in orienting the line of fire may have

Date: 27 Nov 68 Round No. 2

Shot No. IS Projectile Caliber: .50 AP
Range: C-74L Gunner: Sgt Farris
Recorder: M. R. Gromosiak

Required Vel: 3490 fps Actual Vel: 3361 fps
Powder Type: IMR 4350 Powder Wt: 350 grains

Remarks: The projectilc impacted the aircraft 1/4 inch below the aiming
point and entered the enginc inlet above the path followed by shot No.
14a. After perforating the top of the engine inlet dome, it traveled
to the other side of the inlet and penetrated into the cockpit between
the flap control and the control pedestal and was recovered. Secondary
fragments traveled undisturbed away from the exit area, impacting the
inside surface of the pilot's cockpit below the left rim of the canopy.

Date: 27 Nov 68 Round No. 3

Shot No. 19 Projectile Caliber: .50 AP
Range: C-74L Gunner: Sgt Farris
Recorder: M. R. Gromosiahk

Required Vel: 2850 fps Actual Vel: 2994 fps
Powder Type: [IMR 4359 Powder Wt: 290 grains

Remarks: The projectile impacted the aircraft 1/2 inch from the aiming
point. The path of the projectrle could not be traced.
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Date: 27 Kov 68 Round No. 4

Shot No. 2t Projectile Caliber: .50 AP
Renge: C-74L Gunner: Sgt Parris
Recorder: M. R. Gromosiak

Required Vel: 2220 fps Actual Vel: 2381 fp=
Pouder Type: IMR 4350 Pouder Wt: 200 grains

Remarks: The projectile impacted the aircraft right on the aiming point.
The path of the projectile could not be traced.

Date:" 16 Dec 68 : Round No. 1

Shots No. 27a and 27 Projectile Caliber: .50 AP
Range: C-74L Gunner: Sgt Farris

Recorder: G. Ducker

Required Vel: 2050 fps Actual VYel: 2232 and 2241 fps
Powder Type: IME 4350 Powder Wt: 195 and 185 grains
27a

Remarks: The projectile was fired from the rear of the aircraft at the
lower surface of the left engine nacelle. It impacted the engine access
door about four inches aft of the impact point. This shot will be

repeated.

27

Remarks: The projectile impacted about an inch from the impact point.
Damage assessment was not possible because the access doors could not
be opened. The latches were inoperative, probably due to corrosion or
structural displacement, and opening tools were not available. Access
to the damage area through the engine outlet was not possible due to
intervening structure.

Date: 17 Dec 68 Round No. 1

Shot No. 3 Projectile Caliber: .50 AP
Range: C-74L Gunner: Sgt Farris
Recorder: G. Ducker

Required Vel: 2420 fps Actual Vel: 3401 fps
Powder Type: 4350 Powder Wt: 365 grains

Remarks: The projectile impacted within an inch of the impact point,
perforated the skin and a frame, perforated the bulkhead forward of the
nose gear wheel well, and entered the wheel well near the top. It was
not p- sible to determine the course of the bullet past that point. A
nusber of secondary particles were gencrated by the passage of the

bullet through the compartment forward of the wheel well. One of these
shattered the face of a pressure gauge on the forward face of the forward
bulkhead of the nose gear wheel well.
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Date: 17 Dec 68 RBound Mo. 2

Shot No. 1 Projectile Caliber: .SD AP
Ramge: C-74L Gummer: Sgt Parris :
Recorder: 6. M. Ducker

Required Vel: 3120 fps Actual ¥-i(: 3086 fps
Powder Type: 4350 Powder 8:: 300 grains

Remarks: The projectile impacted on the landing gear light. It per-
forated the light, perforated the nose gear wheel well bulkhead, pene-
trated the nose gear strut, and exited the strut about three 1nches aft
of its entrance point. 'l‘he projectile was not recovered. There were a
number of damsge points on the nose gear wheel and other components

which appeared to have been caused by secondary particles. The damage
to the strut was such that it was impossible to extend the nose gear. In
operation, the pilot would have had to make a gear- up or emergency
landing or eject.

Date: 17 Dec 68 Round No. 3

Shot No. 37 Projectile Caliber: .30 AP
Range: C-74L Gunner: Sgt Farris
Recorder: G. W. Ducker

Required Vel: 3240 fps Actual Vel: 3130 fps
Powder Type: IMR 4350 Powder Wt: 1i2 grains

‘Remarks: The projectile passed through the hole in landing light made

by shot No. 1. In passage, it further damaged the light filaments,
generating some small fragments which perforated the No. 1 marker left

on the reflector. The projectile passed through the hole in the bulkhead
made by shot No. 1. It generated secondary particles which made
additional marks on the nose wheel assembly. No other significant damage
was noted. A piece of the projectile from shot No. 1 was found after
this shot.

Date: 18 Dec 68 Round No. 1

Shot No. 38 Projectile Caliber: .30 AP
Range: C-74L Gunner: Sgt Farris
Recorder: A. A. Santiago and G. Ducker

Required Vel: 3240 fps Actual Vel: 3096 fps
Powder Type: IMR 4330 Powder Wt: 117 grains

Remarks: The projectile passed through the hole made by shot No. 1.
Some additional damage to the nose gear mechanism was observed. Full
assessment was not possible since the nose gear was stuck in the UP

position.
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Dats: 18 Dec 68 Roumd No. 2

et No. ¥ Projectile Caliber: .30 AP
Raage: C-74L Guaner: Sgt Ferris
Recozder: A. A. Samtiage and G. Ducker

Roquired VYel: 3240 e Actual Vel: 3466 fps -
Pacxr Type: DR 4350 Powder We: 130 grains

Amerhs: The projectile parsed through the hole made by shot No. 1.
et the nose gear was pulled out, extensive additional damage was found
‘on the strut and the compoments on the upper nose gear bulkhead.

Date: 18 Dec 68 Round No. 3

Shot MNo. 16 Projectile Caliber: .50 AP
Range: C-74L Gunner: Sgt Farris
Recorder: A. A. Smmtiago and G. Ducker

Required Vel: 3440 fps Actual Vel: 3539 fps
Powder Type: IMR 4350 Powder Wt: 3605 greains

Remarks: The projectile impacted on the aim point. It perforated the
engine nacelle and was deflected upward through a comer cof the aft

panel of the left comsole. It damaged the seat back support structure
and broke a lug from the seat mounting bracket. The seat bottom cylinder
was also damaged. The bullet would have missed the pilot since the line
of flight was aft of the seat back.

Date: 18 Dec 68 Round No. 4

Shot No. 11 Projectile Caliber: .50 AP
Range: C-74L Gunner: Sgt Farris
Recorder: G. W. Ducker

Required Vel: 3320 fps Actual Vel: 3328 fps (est)
Powder Type: [IMR 4350 Powder Wt: 360 grains

Remarks: The velocity timer did not function properly, possibly because
the force of the shot blew the lead wires against the surface of the
aircraft and shorted them out. The projectile impacted a fraction of an
inch above the 1mpact point, plowed under the forward upper left armor
pancl, penetrated the cockpit, impacted the celotex bundle in the pilot's
seat near the lower left edge at layer No. 5, and penetrated to layer 18.
The projectile had fragmented and left little pieces at cach layer. The
piece in layer 18 was the largest. The forward upper left comer of the
amor panel was already cracked. The buliet finished breaking that
cormer loose from the panel. The attaching bolt and the rubber liner
bonded to the panel held that piece on the aircraft. The bullet fragment
weighed 54.8 grains. Penetration 2f seven inches of Nuwood means a
velocity of 1915 fps, a kinetic ecnergy of 445 foot-pounds. Had the
fragment impacted the pilot's left thigh, it would not have been fatal.
tiad 1t hit the gru.~ or lower abdomen, it would almost certainly have been
faral
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Bate: 19 Bec 68

et I». 22

Amge: C-7&
Rocesder: G. ¥. Ducker
Goquived Vel: 3290 fps
Powder Type: DR 4350

Sound dNo. 1
Projectile Caliber:
Guamer: Sgt Farris

Actusl Vel: 33506 fps
Powder Wt: 355 grainms

Remarks: The projectile impacted om the third armor panel aft, left

side, at a high amgle of obliquity.
ficial serk on the ammor pamel.

It ricocheted , making only s super-
The projectile missed the impact point

- by showt sevem imches, but since the impact point was also on the armor
pamel, it was not considered necessary to repest the shot.

Dete: 19 Dec 68

Shot No. 13

Ramge: C-74L
Mecoxrder: G. ¥W. Ducker

Required Vel: 3170 fps
Powder Type: IMR 4350

Remarks: The projectile impacted almost on the aim point.
A number of secondary particles

the outboard wall of the engine inlet.

Round No. 2
Projectile Caliber:
Gunner: Sgt Farris

.S0 AP

Actual Vel:
Powder Wt:

3210 fps
340 grains

!t perforated

were generated. The major particles perforated the inbosrd walls of the
inlet and, apparently, perforated the cockpit floor below the left rear
cockpit console, damaging the console panel.

Date: 19 Dec 68

Shot No. 8A

Range: C-74L

Recorder: G. W. Ducker
Required VYel: 3420 fps
Powder Type: IMR 4350
Remarks:

point.

ricocheted away from the aircraft.
Daste: 20 Dec 638

Shot No. 8

Range: C-74L

Recorder: Lt Santi;ago
Required Vel: 3421, fps
Powder Type: IMR 4350
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Round No. 3
Projoctile Caliber:
Gunner: Sgt Farris

.50 AP

Actual Vel:
Powder Wt:

3472 fps
370 grains

The projectile impacted approxiwately one foot aft of the aim
It plowed a furrow through the skin, hit the pilot's canopy, and
This shot will be repeated.

Round No. 1
Projectile Caliber: .50
Gunner: Sgt Farris

-~ (No counter
reading)
370 grains

Actuai Vel:

Powder Wt:



Remarks: Good hit.

(This shot was
Good

(Proke
and two

zopested because of bad hit.) No coumter readisg
Penstrated ope inside pamel and kit arwor plate

8 wire bundle.)
big marks on the plate.

Two big holes were cbserved

Round No. 2
Projectile Caliber:
Gunner: Sgt Farris

351S fps
425 grains

20mm

Actual Vel:
Powder Wt:

Same entrance as No. 8 but deflected and came out in

front of windshield (still on the metal part; bounced off the edge of the

armor plate).
indicates breakup.

Date: 20 Dec 68

Shot No. 12

Range: C-74L

Recorder: Lt Santiago
Required Vel: 3280 fps
‘Powder Type: IMR 4350

Remarks: Good hit.

Date: 20 Dec 68

Shot No. 43

Range: C-74L

Recorder: Lt Santiago
Required Vel: 3010 fps
Powder Type: [IMR 4350
Remarks: Good hit.
Date: 20 Dec 68
Shot No. 44

Range: (C-74L
Recorder: Lt Santiago
Required Vel: 3010 fps
Powder Type: IMR 4350

Remarks:
on the bundles.

Same as above.

Evidence of big fragments outside projectile path probably

Round No. 3
Projectile Caliber: .50
Gunner: Sgt Farris

Actual Vel:
Poxder Wt:

3339 fps
345 grains

Could not find the hole in the cockpit area, although
it missed all the armor.

Pieces of metai laying on the celotex.

Round No. 4
Projectile Caliber: .30
Gunner: Sgt Farris

Actual Vel:
Powder Wt:

2817 fps
100 grains

Again only entrance hole was observed.

Round No. 5
Projectile Caliber: .30
Gunner: Sgt Farris

Actual vel:
Powder Wt:

3196 fps
110 grains

More pieces found on celotex but no penetration
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Sagte: 20 Dec 68 Rowmd No. 6

Shet ¥o. 45 Projectile Caliber: .30
Range: C-74L Gmaer: Sgt Farris
Recoyder: Lt Santiago

Roquired VYel: 3010 fps Actual Vel: 3301 fps
Powder Type: IR 4350 . Powder Wt: - 16S graims

Remarks: After finishing the sequence, the sest was removed. Extensive
damnge was observed around the landing gear control arca. Projectiles
have been deflecting up and hitting the outside armer from the imside.
Shot No. 45, however, flew straight, hitting the pilot's chest; no pene-
tratiom on the celotex due to high impact obliquity angle.

Date: 20 Jan 69 Round No. 1

Shot Mo. 26 ‘ Projectile Caliber: .50 AP
Ramge: C-74L Gunner: Sgt Frayer

Recorder: M. R. Grozosiak

Required Vel: 2470 fps Actual Vel: No counter reading
Powder Type: IMR 4350 Powder Wt: --

Remarks: The projectile impacted within 1/4 inch of the aiming point.
After impacting into the aft engine shroud, the projectile's path could
not be traced any further.

Date: 21 Jan 69 Round No. 1

Shot No. 27 Projectile Caliber: .50 AP
Range: C-74L Gunner: Sgt Frayer

Recorder: M. R. Gromosiak

Required Vel: 2050 fps Actual Vel: No counter reading
Powder Type: IMR 4350 Powder Wt: -- .

Remarks: Shot No. 27 impacted within one inch of the aimir; point. The
path of the projectile could not be traced any further.

Date: 21 Jan 69 Round No. 2

Shot No. 10 Projectile Caliber: .50 AP
Range: C-74L Gunner: Sgt Frayer
Recorder: M. R. Gronmosiak

Required Vel: 3410 fps Actual Vel: 3165 fps
Powder Type: [IMR 4350 Powder Wt: 370 grains

Remarks: The projectile, after impacting the aiming point, passed under
the first outside amor panel on the left side of the aircraft and per-
forated a structural rib located under the aircraft skin and in front of
the instrument panel. It was impossible to determine if and where the
projectile entered the cockpit due to the condition of ‘the instrument panel
and the damage in the cockpit inflicted by previous shots.
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Bage: 22)mm &

Shot No. 24

Range: C-74l

Recorder: M. R. Gromnsiak
Required Vel: 3230 s

Powder Type: DR 4350

Rewnd No. 1
Projectile Caliber:
Gumaer: Sgt Frayer

Actual Vei: No ~ountey reading
Powder Nt: 345 grains

.50 AP

Romarks: Shot No. 26 impacted within ome inch of the aiming point. The
path of the projectile could not be traced any further.

Date: 24 Feb 69

Shot No. §

Range: C-74L
Recorder: G. Ducker
Required Vel: 3500 fps
Powder Type: IMR 4350

Round Xo. 1
Projectile Caliber: .S0
Gunner: Sgt Frayer

Actual Vvel:
Posder Wt:

3478 fps
grains

Remarks: The bullet impacted about an inch above and aft of the impact

point. It penetrated the skin on the lower surface of the aircraft to
the right of the lower ceanterline, perforated the forward fuel cell, and
perforated part No. 4606-88 on the aft fuel cell bulkhead. The size of
the hole in this part indicated bullet breakup or the generation of large
numbers of spall particles.

Date: 24 Feb 69 Round No. 2

Shot No. 4 Projectile Caliber: .50
Range: C-74L Gunner: Sgt Fraver
Recorder: G. Ducker

Required Vel: 328C fps Actual Vel: 3289 fps
Powder Type: IMR 4350 Powder Kt. 340 grains
Remarks: The bullet impacted within 1/2 inch of the impact point. It

perforated the skin about eight inches to the right of the lcwer center-
line necar tne nose gear landing light. It perforated the forward nose
gear wheel well bulkhead and passed through lightening hole in the nose
gear truss assembly, Jamaging the edge of the hole. It appeared to have
impacted a bolt on the strut assembly and shattered. The large ragged
hole in the bulkhead indicates that bullet breakup began at that pcint,
or a large number of spall particles were generated.

Date: 24 Feb 69 Round No. 3

Shot No. 40 Projectile Caliber: .30
Range: C-74L Gunner: Sgt Frayer
Recorder: G. Ducker

Required Vel: 3080 fps Actual Vel: 2837 fps
Powder Tyvpe: [IMR 4350 Powder Wt: 102 grains
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poth the top of the wheel
veli.

Date: 24 Fed 69 Round No. 4

Shot No. 41 Projectile Caliber: .30
Range- C-74L Gunner: Sgt Frayer
Rocorder: G. Ducker

Required Vel: 3080 fps Actual Vel: 3210 fps

Pouder Type: IMR 4350 : Powder Wt: 10S grairs

Remarks: The bullet impacted on the same point as shot No. 40, followed
the same path through the wheel well forward bulkhead, and caused addi-
tional damage to the truss assembly. The bullet appeared to have damaged
the brake valve assembly on the top surface of the wheel well. No pic-
tures were taken.

Date: 24 Feb 69 Round No. S

Shot No. 42 Projectile Caliber: .30
Range: C-74L Gunner: Sgt Fraver
Recorder: G. Ducker

Required Vel: 3080 fps Actual Vel: 3267 fps
Powder Type: IMR 4350 Powder Wt: 103 grains

Remarks: The bullet foliowed the path of shots No. 40 and 41. It caused
additional damage to the wheel brake valve assembly, almost demolishing
it.

Date: 4 Feb 69 Round No. 1

Shot No. 25 Projectile Caliber: .50
Range: C-73L Gunner: Sgt Fraver
Recorder: Lt Santiago

Required Veiocity: 3260 fps : Actual Vel: 2773 fps
Powder Tree: IMR 4350 . Powder Wt: 275 grains

Remarks: Pisjectile ricocheted from the outside panel; several marks
wire visible on the plastic behind the pilot's seat.

Da'.e: 4 Feb 69 Round No. 2

anct No. 20 Projectile Caliber: .50
Range: C-74L Gunner: Sgt Fraver
Recorder: Lt Santiago

Required Velocity: 2900 fps Actual Vel: 2756 fps
Powder Type: IMR 4350 Powder Wt: 260 grains
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Round No. 3
Projectile Caliber: .50
Guenex: Sgt Frayer

Actual Vel:
Powder Wt:

2601 fps
245 grains

Remarks: Projectile hit aiming point, penetrated between pancls, and
wounded the pilot around the left shoulder urca (not certain whether it

was a big fragmeat or the preojectile itself).
has a mark of 2 smal! fragmeant that penetrated it.

¥itness panel on the side
Projectile came 1ixn

fromt of throttle console area; perforated the side of seat and was

recovered on the lert foot rest.

Dste: 5 Feb 69

Shot Mo. 43

Ramge: C-74L

Rscorder: Lt Saatiago
fequired Vel: 3010 fps
Powder Type: IMR 4350
Resacks:

Entrance point aoout one inch low of i2.

Round No. 1}
Projectile Caliber: .30
Gunner: Sgt Fraver

Actual Vel:
Powder Wt:

No reading
100 grains

No evidence of pene-

tration either in witness wallboard or consoles.

Date: 5 Feb o9

Shot No. 44

Range: C-74L

Recorder: Lt Santiago
Required Vel: 3010 fps
Powder Type: IMR 4350
Remark:; :

flying around the pilot's left leg.
fragments was ocbserved.

Date: 5 Feb 69

Shot Nou. 45

Range: C-74L

Recorder: Lt Santiago
Required Vel: 3010 fps
Powder Type: MR 4350
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Round Nc¢. 0
Projectile Caliber: .30
Gunner: Sgt Fraver

Actual Vel:
Powder Wt

2994 fps
100 grains

Hit between 1. and 43. There was evidence of small fragments
Projectile apparently penetrated into
the cockpit forward of the throttle console,

but only evidence of small

Round No. 3
Projcctile Caliber: .30
SCumner: Sgt Fraver

Actual \Vel:
Powder Wt

3016 fps
101 yrains



Penstrated aroumd the samn sroa as the

Inpacted
othevs, pemstreted vitaess wallbosrd, and voumded pilot's abdnuiml ares.

Bvidence of small frag spsll foumd om witmess board.

Date: S PFeb 69 Round No. 4

Shot No. 18 Projectile Caliber: .50

Range: C-74L Guaner: Sgt Frayer

Recorder: Lt Samtiago

Required Vel: 3040 fps Actual Vel: 2924 fps

Powder Type: IMR 4350 Powder Wt: 285 grains

Reaarks: Good hit. Projectile penotrated into the wing at the production
line. Nothiag cbserved on the other side or inside of the cockpit. Big

dole right below eatraace hole and holes on velocity screen indicate big
fragments flying backward. Ome piece of the access door found about 75

feet from the aircraft (behind the gum).

Date: S Fedb 69

Shot No. 17

Range: C-74L

Recorder: Lt Santiago
Required Vel: 3230 fps
Powder Type: IMR 4350

Remarks:

7 Feb 69

Date:

Shot No. 46

Range: C-74L

Recorder: Lt Santiago

Required Vel: 2720 fps

Powder Type: IMR 4350

Remarks: Good hit. Observation same as

Date: 7 Feb 69

Shot No. 47

Range: C-74L

Recorder: Lt Santiago

Required Vel: 2720 fps

Powder Type: IR 4350

Same as above.

Rematks: Good hit.
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Round No. S
Projectile Caliber: .50
Gunner: Sgt Frayer

6 fps

Actual Vel: 322
325 grains

Powder Wt

Projectile penetrated wing around production point area. As
far as can be seen, the hole seems to go in straight.
damage in radar operator‘’s compartment.

No evidence of

Round No. 1]
Projectile Caliber: .30

Gunner: Sgt Fraver
Actual Vel: 2635 fps
Powder Wt: &85 grains

for shot No. 17.

Round No. 2
Projectile Caliber: .30
Gunner: Sgt Fraver

Actual Vel:
Powder W2

2793 fps
86 grains



Date: 7 Feb 69 Round No., 3

Shot No. 48 Projectile Caliber: .30
Range: C-74L Gunner: Sgt Frayer
Recorder: Lt Santiago

Required Vel: 2720 fps Actual Vel: 2721 fps
Powder Type: IMR 4350 Powder Wt: 86 grains

Remarks: Same as above.

Date: 7 Feb 69 : Round No. 4

_ Shot No. 31 : Projectile Caliber: 20mm
Range: C-74L Gunner: Sgt Frayer
Recorder: Lt Santiago
Required Vel: 3500 fps Actual Vel: 3503 fps
Powder Type: IMR 4350 Powder Wt: 430 grains

Remarks: Hit about one inch high; nothing observed but the entrance.
Engine across doors will be opened later. They could 1ot be opened due
to aircraft position.

Date: 7 Feb 69 Round No. 5

Shot No. 30 Projectile Caliber: 20mm
Range: C-74L Gunner: Sgt Frayer
Récorder: Lt Santiago

Required Vel: 3500 Actual Vel: 3521 fps
Powder Type: IMR 4350 Powder Wt: 430 grains

Remarks: Hit about 1-1/2 inches low; complete pcnetration and heavy spall.
Pilot wounded badly in left rib area. No armor plate was encountered in
projectile path. Slug penetrated pilot bundle completely and stopped on
the right side cockpit panel.

Date: 12 Feb 69 Round Nec. 1

Shet No. 29 Projectile Caliber: 20mm
Range: C-74L Gunner: Sgt Frayer
Recorder: Lt Santiago

Required Vel: 3500 fps Actual Vel: 3454 fps
Pcwder Type: IMR 4330 Powder Wt: 430 grains

Remarks: Only entrance point was observed. After putting a cleaning rod
through the hole as far as it would go, the projectile hit the right floor
panel (cersmic).
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Date: 12 Feb 69 Round No. 2

Shot No. 23 Projectile Caiiber: .50.
Range: C-74L Gumner: Sgt Frayer
Recorder: Lt Santiago

Required Vel: 3280 fps Actual Vel: 3304 fps
Powder Type: IMR 4350 Powder Wt: 355 grains

Remarks: Projectile hit about one inch short of point. Ricocheted off
the third plate from the front (on right-hand side) and took off a boilt.

Date: 12 Feb 69 ' Round No. 3

Shot No. 21 Projectile Caliber: .50
Range: C-74L Gunner: Sgt Frayer
Recorder: Lt Santiago

Required Vel: 2900 fps Actual Vel: 2932 fps
Powder Type: IMR 4350 Powder Wt: 283 grains

Remarks: Impacted about two inches above point. A hole was found on the
concoles on the right-hand side of the pilot's compartment, but no further
damage was observed either in the cockpit area or on the seat.

-ADDITIONAL SHOTS

Date: 30 Jul 69 Round No. 1

Range: C-74L Projectile Caliber: .50
Recorder: Lt Winger Gunner: TSgt Sauls
Required Vel: 3500 fps Actual Vel: No reading
Powder Type: IMR 4350 Powder Wt: 370 grains

Remarks: Point of impact was 10 inches from top leading edge and 15
inches from the rear leading edge of the rear panel on the left side of
the aircraft. Entrance hole was 1/2 inch in dismeter. Impact splatter
sheared off 1/4-inch-diameter armor retaining bolt head. Damage inside
aircraft: MATTS transmitter had one hole 1/2 inch x 3/4 inch in facing;
one relay had one hole 1/2 inch in diameter and three holes less than
1/2 inch in diameter; three wires were severed; wing main spar had one
dent 3/4 inch x 3/4 inch; seat bracket for foot matting had one dent 1/§
inch and was cracked 5/8 inch on its face.

Date: 30 Jul 69 Round No. 2

Range: C-74L Projectile Caliber: .50
Recorder: Lt Winger Gunner: TSgt Sauls
Required Vel: 3500 fps Actual Vel: No reading
Powder Type: IMR 4350 Powder Wt: 379 grains
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Remarks: Point of impact was the top left-hand comer retaining bolt on
the left rear panel of the aircraft. Entrance hole was 3/4-inch in
dismeter, removing the bolt hewd and 1-1/2 inches of the bolt. Damage
sustained was one chip 1-1/2 inches x 1/2-inch of ammor rewoved by force
of the projectile impact, five inches from the top leading edge one crack
7 inches long and one chip 3/8-inch x 1-1/4 inches long. There was severe
cracking around the impact hole. There was no internal damage sustained.

Cate: 30 Jul 69 Round No. 4

Range: C-74L ' Projectile Caliber: .50
Recorder: Lt Winger Gunner: TSgt Sauls
Required Vel: 3500 fps Actual Vel: No reading
Powder Type: IMR 4350 Powder Wt: 370 grains

Remarks: Point of impact was eight inches from the bottom leeding edge of
the .armor plate on the joint between the 4 and S panel. Entrance hole was
2-1/2 inches x 3/4 inch in the arwmor and 3 inches x 2 inches in the air-
craft skin. Damage sustained was 1-1/2 inches x 1/2-inch piece of support
rib removed; console light panel - two cannon plugs destroyed, one hole
1/2-inch in diameter, six holes less than 1/2-inch in diameter; rear of
case - one hole 1-1/2 inches x 3/4 inch; right foot rest - one hole 1-1/2
inches x 3.8 inch.

Date: 30 Jul 69 Round No. 5

Range: C-74L Projectile Caliber: .50
- Recorder: Lt ¥Winger Sunner: TSgr Sauls

Required Vel: 3500 fps Actual Vel: No reading

Powder Type: IMR 4350 Powder Wt: 370 grains

Rewmarks: Point of impact was 14 inches from the top leading edge of the
armor plate, 1/4 inch off center of the joint between the 3 and 4 panel.
Entrance hole 3/4 inch x 1 inch. Entrance hole 4 inches x 2 inches in the
skin went through a structural rib. Damage sustained: Fuel quantity
bridge unit severed; high voltage box on the right-hand side had four
holes less than 1/4-inch in diameter; wiring harness had eight wires
severed on right-hand instrument panel. Circuit breaker panel had one
hole 1/2 inch x 1 inch. Had a2 pilot been in the aircraft, he would have
been 100 percent loss.

Date: 30 Jul 69 Reund No. 6

Range: C-74L Projectile (aliber: .50
Recorder: Lt Winger Gunner: TSgt Sauls
Required Vel: 3500 fps : Actual Vel: 3484 fps
Powder Type: IMR 4350 Poxder Wt: 370 grains



Remarks: Point of impact was six inches from resr leading edge and 1/2
inch below crack on the third pamel. Entrance hole was 3/4 inch x'1 inch.
€xit hole after armor was .a 3-inch-diameter hole in sklin of zircraft.
Damagc sustained was one cannon plug destroyed left side; cabin tempersture
alternate start switch panel - bent toggle switch; one hole 1/2 inch in
diameter under automatic pilot psnel in right-hand control panel. Pilot's
middle thigh would have been 100 percent loss.

Date: 30 Jul 69 Round No. 7

Range: C-74L : Proiectile Caliber: .50°
Recorder: Lt Winger Gunrer: TSgt Sauls
Required Vel: 3500 fps Actual Vel: 3490 fps
Powder Type: IMR 4350 Powder Wt: 370 grains

Remarks: Point of impact was four inches to the rear of round No. 6 and
one inch above the crack on the third panel. Entrance hole was 1-1/2
inches x 1 inch. Exit hole through the skin was 3-1/2 inches 1n diameter.
Damage sustained was two cannon plugs severed; flap positioner destroyed;
pilot's calf would have been 100 percent loss.

Date: 30 Jul 69 Round No. 8

Range: C-74L Projectije Caliber: .50
Recorder: Lt Ninger Gunner: TSgt Sauls
Required Vel: 3500 fps : Actual Vel: 3502 fps
Powder Type: IMR 4350 Powder Wt: 370 grains

Remarks: Point of impact was six inches behind leading edge and on the
crack of the third panel, left side. Entrance hole was one inch in
diameter. Exit hole through the skin was three inches in diameter.

Damage sustained: Fragments missed control panel but were broken up by
the seat ejection handle grip. Pilot would have been hit on his left knee
and lower thigh.

Date: 30 Jul 69 Round No. 9

Range: C-74L Projectile Caliber: .S0
Recorder: Lt Winger Gunner: TSgt Sauls
Required Vel: 3200 fps Actual Vel: 3294 fps
Powder Type: IMR 4350 Powder Wt: --

Remarks: Point of impact was in the center of the fourth panel. There
was no noticeaple damage sustained.
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Dste: 1 Aug 69 Round No. 1

Range: C-74L _ Projectile Caliber: .50
Recorder: Lt Winger Gunner: TSgt Sauls
Required Vel: 3500 fps Actual Vel: 3454 fps
Powder Type: IMR 4350 Powder Wt: --

Remarks: Point of impact was eight inches behind leading edge and centev
of the second panel on the right side of the aircraft. Entrance hole was
1 inch x 3/4 inch. Fragment hit junction panel; 18 wires were severed.
Single-phase and three-phase inverters were completely penetrated. Wing
deicer: one hole 1/4 inch in diameter.

Date: 1 Aug 69 Round No. 2

Range: C-74L Projectile Caliber: 20mm FSP
Recorder: Lt Winger : Gunner: TSgt Sauls

Required Vel: 3500 fps Actual Vel: 3134 fps

Powder Type: IMR 4350 Powder ®t: --

Remarks: Point of impact was on top of round No. 1. Entrance hole was
enlarged 1-1/2 inches in diameter. Severe cracking was sustained around
the top of the entrance hole.

Date: 1 Aug 69 Round No. 3

Range: C-74L Projectile Caliber: 20mm FSP
Recorder: Lt Winger Gunner: TSgt Sauls

Required Vel: 3500 fps Actual Vel: 3514 fps

Powder Type: IMR 4350 Powder Wt: --

Remarks: Point of impact was on top of round No. 1. Entrance hole was
1-1/2 inches in diameter. The single-phase and three-phase inverters were
100 percent destroyed. Six wires in wiring harness were severed. Pilot's
right foot would have been a 100 percent loss.

Date: 1 Aug 6S Round No. 4

Range: C-74L Projectile Caliber: '4.5mm API
Recorder: Lt Winger Gunner: TSgt Sauls

Required Vel: Standard Actual Vel: 3339 fps

Powder Type: Standard Powder Wt: --

Remarks: Point of impact was in the center of the third panel on the right
side of the air-~raft, nine inches below the crack. Entrance hole was one
inch in diameter; 15 wires in the wiring harness were severed. The seat
had a 1/2-inch-diameter hole on the right side and a 1/4-inch-diameter
hole on the left side. Projectile was stopped on the left side of the
fuselage by a structural member.
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Date: 1 Aug 69

Range: C-74L

Recorder: Lt Winger
Required Vel: Standard
Powder Type: Standard

Round No. S

Projectile Caliber: 14.5e» API
Gunner: TSgt Sauls

Actual Vel: 3322 ¢ps

Powder Ht: --

Remarks: Point of impact was three inches above round No. 4. Entrance

hole was one inch in diameter.

Seat had one hole 1/2-inch in diameter, one

hole 1/4-inch in diameter, and one hole 1/8-inch in diameter. Projectile
was stopped by a sand bag used to hold down the pilot's seat.

Date- 1 Aug 65

Range: C-74L

Recorder: Lt Winger
Required Vel: S3Standard

Powder Type: Standard .

Round No. 6

Projectile Caliber: 14.5mm API
Gunner: TSgt Sauls

Actual Vel: 3316 fps

Powder Wt: --

Remarks: The point of impact was three inches above round No. 5. Entrance

hole was 1-1/4 inches x 1-1/2 inches.
was resoved from armor plate.

One piece 6 inches x 3-1/2 inches
Four holes 1/8-inch in diameter or less were

in the seat, and the arm rest in the seat had one piece removed 2 inches

A 3/4 inch tehind the front of rest.

‘Date: 29 Aug 69
Range: C-74L
Recordey: Lt Winger
Required Vel: Standard
Powder Type: Standard

Round No. 1

Projectile Caliber: 20mm HEI
Gunner: TSgt Sauls

Actual Vel: No reading
Powder Wt: --

Remarks: Impact point was on the first panel on the right side of aircraft,
12 inches above lower leading edge and 5 inches in front of rear leading
edge. Projectile was splattered on the surface of the armor. No visible

damage was sustained.

Date: 27 Aug 69

Range: C-74L

Recorder: Lt Ainger
Required Vel: Standard
Powder Type: Standard

Round No. 2

Projectile Caliber: 20mm HEI]
Gunner: TSgt Sauls

Actual Vel: No reading
Powder Wt: --

Remarks: Impact point was 6 inches below round No. 1. No visible damage

was sustained.



APPENDIX 1V

LOADING TECHNIQUES

Preliminary firings were conducted in order to determirn: propeliant
loads needed for the required striking velocities in the tes- plan. These
firings were conducted in an indoor range on Test Area A-20 “ay 9, Eglin
AFB, Florida.

Initially, some difyi~:.ty was encountered in obtaini-. the required
maximum velocities for each projectile type. In both the . ) caliber and
.50 caliber cartridges, it was not possible to upload the czses to the
required charges. Some common propellants were tested, but in all cases
either not enough powder could be loaded or evidence of exireme over-
pressures (i.e., cases jammed in chamber, blown-out primer} made it
impossible to obtain satisfactory results.

In order to increase the propellant loads, firings wer made using
.50 caliber cases with the .30 caliber projectiles and 20w :-ases with
the .50 caliber projectiles. Special Mann barrels with in. cased chamber
sizes for the proper caliber were used. The procedure for .oading these
 barrels was to first position the projectile at the end of the chamber
" (beginning of the rifling), then insert the loaded case an: -he breech and
 firing lines, :
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dgeee
his report discusses the methodology used to conduct ballistic tests in
psupport of an experimental armor system for the protection of aircrew nembers. ;
% The system was designed to protect crew members of high performance aircraft and |
*wa" installed on an obsolete F-89J aircraft for destructive tezts, Shots were
fired with .30 caliber and .50 caliber AP-M2 and 20mm fragment :=imulating
prejectiles. Field firing records of all shots are contained in Appendix II7.
ho analrsis of the field data wss made in this report.
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