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PREFACE

The work described in this report was authorized and supported by contract
LEAA-J-1AA-0054 awarded by the Law Enforcement Assistance Administration, US Department
of Justice, under the Omnibus Crime Control and Safe Streets Act of 1968, as amended. The work
was started in August 1973 and completed in December 1973. The experimental data are contained
in notebook MN-2549.

Reproduction of this document in whole or in part is prohibited except with
permission of the Commander, Edgewood Arsenal, Attn: SAREA-TS-R, Aberdeen Proving Ground,
Maryland 21010; however, DDC and the National Technical Information Service are authorized to
reproduce the document for US Government purposes.
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BALLISTIC TEST MATRIX FCR KEVLAR MATERIAL

1 INTRODUCTION.

The National Institute for Law Enforcement and Criminal Justice (NILECJ) of the
Law Enforcement Assistance Administration (LEAA) supports a research and development program
to improve and strengthen law enfoircement methods. To further this end, studies are being
conducted to develop an improved lightweight soft armor for protection against specific street
threats: ie..an armor which will withsiund perforation by standard .38-caliber and .22-caliber
projectiles and which will also reduce to an acceptable level the blunt trauma associated with the
impact of these projectiles upon soft armor.

This report describes the ballistic tests performed within a predefined matrix of
materials, plies, and ballistics using techniques developed by personnel of the Biophysics Division to
determine “‘backface signature™ or behind-the-:rmor characteristics.* The more comprehensive
matrix which was originally proposed by the Biophysics Division during the initial contract
discussions was abbreviated into its present form by personnel of the Aerospace Corporation, the
program technical managers. The objective of this abbreviated matrix is to ascertain in a limited
number of tests any data trends in th backface sig: ature parameters (e.g., volume of deformation,

depth of penetration, and deformation time) as functions ot the incident ballistic parameters and
material characteristics. 1

1]
{
!
3

I.  EXPERIMENTAL METHODS AN PROCEDUREFS.

g8, i

A. The Test Matrix.

B The test matrix. as defincd by LEAA, consisted of th+ following eight tests: 1

Test 1: The .38-caliber. 158-grain lead projectile was fired at a nominal velocity of ' L
800 fps against 3, S5, 7, 9, 15, and 23 plies of protective material (Kevlar 29, 400/2 denier,
PRD-TL-105-26) to determine the effect of the number of plies on the backface signature.

ST

Test 2. The .38-caliber, 158-grain lead projectile was fired at a nomina! velocity of
800 fps against 7 plies of Kevlar 29, 400/2 denier, with material standoffs at 0.5 and 1.0 inch; this
was repeated using 15 plies of Kevlar 29, 400/2 denier, at a standoff of 1 inch. The effect of
material standoff in conjunction with the number of plies on backface signature was evaluated.

Test 3: To examine the effect of material denier on backface signature, the .38-caliber,
158-grain projectile was launched at a nominal velocity of 800 fps against different denicrs of : !
Kevlar material having the same areal density (weight/sg ft) as 7 plies of the Kevlar 29,
400/2 denier, material (approximately 0.44 1b/sq ft). The materials tested were: Kevlar 29,
400/2 denier (PRD-TL-105-26). 100/3 denier (PRD 105-27A), and 1500 denier (PRD 105-628).

ot awd et
[0S U TP 5

*Metker, LeRoy W., Prather, Russell N., and Johnson, Earl M. EB-TR-75029. A Method for Determining l !
Backface Signatures of Soft Body Armors. May 1975.
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‘ Test 4: The .38-caliber, 158-grain projectile was fired at nominal velocities of 600,
3 700, 909, and 1000 fps against 7 plies of Kevlar 29, 400/2 denier, to examine the effect of velocity
(varying striking kinetic encrgy, constant mass) on material performance.

Test S: The .22«aliber. 40-grain projectile was fired at a nominal velocity of 1000 fps

| against 7 and 15 plies of Kevlar 29, 400/2 denier. This test, similar to test 1, was designed to

: examine the effrct of the number of plies on the backface signature produced by the .22-caliber

‘ missile as well as the effect of a missile of smaller caliber, reauced striking kinetic energy, and higher
velocity on the material performance characteristics.

Test 6: The 9-mm, 124-grain jacketed bullet, launched at a nominal velocity of ]
1150 t'ps, was fired against 15 and 23 plies of the Kevlar 29, 400/2 denier material in a test similar ’ '
to tests | and §. ;

Test 7: Projectiles with diameters of .22 caliber, .32 caliber, and .38 caliber were fired
apainst Kevlar 29 at velocities which yicld a striking kinetic energy of 3085 joules (225 ft-lb). The
missile masses and corresponding test velocities were:

.22-caliber, 40-grain projectile at 1600 fps;

.32-caliber, 101-grain projectile at 1000 fps; and

3B-caliber, 158-grain projectile at 800 fps.

This test was designed to examine the combined effect of missile diameter, mass, and striking
velocity on material performance while maintaining a constant striking kinetic energy.

Test 8: Projectiles with a diameter of .38 caliber, launched at velocities of 800, 1000,
and 1200 fps, were fired against 7 plies of Kevlar 29. The missile mass was adjusted so that a
striking kinetic energy of 305 joules (225-ft-lb) was maintained. The missile masses and
corresponding velocities were:

.38-caliber, 70-graia projectile at 1200 fps;
.38-~caliber, 101grain projectile at 1000 fps; and

.38-caliber, 158-grain projectile at 800 fps.

This test was designed to examine th2 effect of changes in momentum at constant striking kinetic
energy.

B. Experimental Method.

Since a detailed explanation of the measurement of the backface signature was
reported earlier.* only a cursory explanation will be provided here.

*Metker, LeRoy W., Prather, Russell N., and Johnson, Earl M. EB.TR-75029. A Method for Determining
Backface Signatures of Soft Body Armors. May 1975.
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II.

where

| High-speed motion picture studies of backlighted gelatin blocks (20% gel) were utilized
"‘ to record the post-impact deformation of armor into the gelatin,

The equipmenti used is shown in figure | and consists of the following:

L

9

¢

3.
4.
s.
6.

During a test the camera was activated and, when the proper framing rate was achieved, a signal was
sent to the gun-firing circuit to activate the weapon.

The developed film was “read” on a Mudel 29E Telereadex film analyzer and the data

were processed through the computer program listed in the appendix. This system provided the
following data outputs:

o

The weapon. a Mann barrel of the desired caliber, with remote firing capability;

A 0.5-meter baseline utilizing a pair of silver grid screens which activate an

clectronic chronograph (EC1 Model 4600) to measure the time of missile flight through the baseline.
(The ratio of distance to time yields the velocity at the midpoint of the screens, which is also taken
to be the missile strikii.g velocity, drag being considered negligible.) 11

A Redlake Hycam camera focused on the gelatin-armor interface;

-

A large bank of quartz lights to completely backlight the gela. viock;

L

A steel frame which supports the armor material; and

The armor material.

Precise film speed [pictures per second (pps)]:

s i Tt kv AT AR L Btk e S L ok s

2. Depth of penetration, X (centimeters); J
3. Approxiinate velocity of deformation [AX (centimeters) £ film speed (pps)] ;
4. Volume of deformation (cubic centimeters); ;
5. A regression curve which describes the shape of the maximum deformation; and j
6. Approximate time of d=formation (frames of deformation/pps). ‘ i
RESULTS.

Regression analysis of the data acquired under this program demonstrated that the i

deformation could adequately be characterized by a paraboloid of revolution. The parabolic Y
equation used to ¢escribe the deformation surface in the computer program was of the form ‘

]
y2 =a+bx '1 g
?i
J
3

y = deformation radius
x = deformation depth
a.b = regression constants
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The equations defining the deformation surfaces for the tests under this program are
listed in tables 1 through 7, along with their corresponding correlation coefficients, root mean
square (rms) deviations, naximum deformatior depths, and calculated deformation volumes. Plots
of some of the test data tor which there were sufficient points are shown in figures 2 through 5.

IV.  MODELING.

In addition to the backface signature parameters already mentioned, the deformations
produced were also characterized by dose levels similar to those used in the lethality discriminant
models described in the Blunt Trauma Data Correlation study.*

O S

Two provisional models have been proposed under that study. The first, a
four-parameter discriminant model, utilizes the maximum number of parameters common to all the
published data sets examined. This model, as illustrated in figure 6, accomplishes its discrimination

in a plane in which axes X, . X, are defined by

X = In(MV2) and X, = In(WD)

where P
M = projectile mass (grams) ,
V = projectile impact velocity (nieters per second) 1

W = experimental animal body weight (kilograms)

G e

D = projectile diameter {centimeters)

The discriminant lines establish three zones of low, mid, and high lethality; i.e., as the impact dose
increases, the probability of lethality should also increase for targets having the same body weight

and for projectiles having the same diameter.

The second model, involving cight parameters, provides better live/die discrimination
than the four-parameter model. This model (figure 7) also accomplishcs its discrimination in a plane

in which axes Yy, Y, are defined by
Y) = In(MV2/TWD) and Y,=In(L/W) (%APO,) (%VPO,)

s it sttt ¢, Mt STt e A 0 miae . i

where
M.V, W.D =same as in model 1
T = tissue thickness (centimeters) over the vital organ impacted
L = the total animal lung weight (grams)
7%APO, = maximum deviation in arterial oxygen pressure from control value

e e il #1131 e

% VPO, = maximum deviation in venous oxygen pressure from control value

As in the four-parameter model, the discriminant lines establish zones of nonlethal, mixed, and
lethal response for a live/die criterion.

*Clare, Victor R., Lewis, James H., Mickiewicz, Alexander P., and Sturdivan, Larry M. EB-TR-75016. Blunt
Trauma Data Correlation. May 1975,
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Figure 2. Depth of Penetration into Gelatin for Various Plies of Kevlar 29, 400/2 Denier Material ’
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Figure 3. Maximum Deformation Volume in Gelatin for Various Plies of Kevlar 29, 400/2 Denier Material
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Figure 4. Depth of Penetration of Kevlar 29 into Gelatin for Various Striking Kinetic Energies é
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Figure 6. Four-Parameter Lethality Discriminant Model
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These models were tormulated from experimental data sets on unarmored animals for
which the physical characteristics of the impacting projectile (mass. velocity, diameter) were
known. Conditions cemparable to those used in the models occur in armor tests when the primary
impactor is taken to be that of the missile-material interaction. However, as the armor deforms, the
impactor mass and velocity deforming the tissue are changing with time; i.e.. the mass is increasing
and the velocity is decreasing until st some time “t”, depending on the armor deformation
characteristics und the tissue response. maximum deformation mass is achieved. At this same point :
in time, the velocity of the impactor is zero. Thus, a more extensive analysis of the backface :
signature than that thuc far presented is necessary to conform armor deformation to the physical :

doses used in the models.

‘ 1. Velocity.

By employing the principle ~f the conservation of linear momentum, a pseudo-velocity
for the armor deformation was derived:

MpVp=(Mp + MV

or
where _ g
Mp, Vp = the initial mass (kilograms) and velocity (meterc per second)
of the impacting projectile
E My = ihe armor deiormation: mass (kilograms)

V = the “effective’ armor velocity (meters per second)

2. Mas:

S, MR R0 o, 12 m R,

The mass used in applying the soft armor deformation to the models was that of the
projectiie-armor mass involved in the maximum deformation. As a conservative approach, the armor
mass was assumed to be the mass derived by using the base of the deformation cone;i.e.,

Mp = (Ap) (ad.)

where . i
i

Ap = the base area of the deformation sucface (square centimeters) § :

a.d. = the areal density of the armor material (grams per square centimeter)

These estimates of mass and velocity yield a conservative dose level because the'models
employ an energy term, MV2, and the armor mass is used to determine the “effective” velocity
behind the armor. If the entire surface mass had been used, a smaller “effective” velocity would
then be derived and hence a smaller dose level would be predicted. Furthermore, it is not known at
this time whether the deformation of armor involved is due to purely material elongation, slack in
sample mounting, or a combination of the two.
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Although no animal experiments were involved in the matrix test and none of the
physiological response parameters were measured, two approaches were used to illustrate the effects
of the physical doses derived from the backface sigratures of the various tests. First, the
four-parameter model was used and a nominal animal weight of 40 kg was assumed. The
dose-response levels for the various test matrix points are listed in table 8. All fall well within the
nonlethal zone shown in figure 6.

Secondly, a dose level, In(MV2/D), similar to that used in the eight-parameter lethality
model, was derived to provide a relative ranking of the various backface signatures. An analysis of
the experimental data used to derive this model revealed that a dose leve! »11.0 could produce
lethality. Intuitively, it is assusred that, as the dose level decreases, a corresponding decrease in
tissue damage will result.

V.  CONCLUSIONS.

Test 1. An increase in the number of material plies (increase in material mass)
produced an expected decrease in the depth of penetration, volume of deformation, and dose.

Test 2. Standoff produced no significant effect.

Test 3. Keviar 29, 400/2 denier, was more effective in reducing the depth of
penetration than either the 400/3-denier or the 1500-denier material.

Test 4. Increasing the striking velocity of the .38-caliber, 158-grain projectile
increased the backface signature. '

Tests 5 and 6. These two tests ranked the severity of the more common threats. As
one would uvxpect, the backface signature ranked the threats from most severe to least severe
as: (1) 9-mm, 124-grain projectile; (2) .38aliber, 158-grain projectile; and (3) .22-caliber, 40-grain
projectile. To defeat the particular 9-mm projectile tested, the use of more than 15 but less than
23 plies of Kevlar 29, 400/2 denier material is required. The .22-caliber projectile, when defeated,
produces a significantly lower backface signature than the other two threats.

Test 7. An increase in missile diameter, through the use of standard culiber projectiles,
produced little, if any, increase in the backface signature parameters. A constant striking kinetic
energy of 305 joules was maintained by adjusting the impact velocities of the .22-caliber (40-grain),
.32-caliber (101-grain), and .38-caliber (158-grain) projectiles. '

Test 8. Maintaining a constant missile diameter and constant striking kinetic energy
by increasing the missile mass and decreasing the velocity appears to have little effect on the
backface signature.

Except in the case of small-caliber projectiles, which tend to slip through the weave
and defeat the armor, the material backface signature appears to be dependent upon changes in
striking kinetic energy, material mass, and material denier. However, the sample size for this test is
too small to allow any definite conclusions to be drawn.

20




Table 8. Dose Levels for Test Matrix Rounds

|
o Siriki
Test | Projectile v;""c'i't‘: Material in(MV2) | In(WD) ln(MVZ/D)J
‘ caliber grain fps
E 1ol o38 158 812 3-Ply Kevlar 29 129 59 10.3
805 5-Ply Keviar 29 127 59 10,5
800 7-Ply Kevlar 29 1255 59 103
794 9.Ply Kevlar 29 123 6.0 100
813 | 15-Ply Kevlar 29 120 6.0 9.6
815 | 23-Ply Kevlar 29 119 58 938
2| 38 158 800 | 7-Ply Kevlar29 12.5 59 10.7
! 816 7-Ply Kevlar 29, 0.5-inch standoff 12.5 6.0 10.2
818 7-Ply Kevlar 29, 1.0-inch standoff 12.5 6.0 10.3
} 813 | 15.Ply Kevlar 29 120 6.0 9.6
! 821 15-Ply Kevlar 29, 1.0-inch standoff | 118 6.1 9.4
i
3 38 158 815 3-Ply 105-27A, 400/3 - - -
| 827 4-Ply 105-628, 150 CP* - -
500 7-Ply Kevlar 22 12.5 59 103
4 | 38 158 <73 1-Ply Kevlar 29 119 5.8 938
604 7-Ply Kevlar 29 119 59 9.7
' 722 | 7-Ply Kevlar 29 122 6.1 9.8
809 7-Ply Kevlar 29 12,5 5.9 10.3
904 7-Ply Kevlar 29 12,5 6.2 10.0
1013 7-Ply Kevlar 29 128 6.1 104
5 22 49 1044 7-Ply Keviar 29 110 5.8 89
1020 | 15-P1 Kevlar 29 i07? 5.6 8.7
6 | 9-mm 124 1091] 15-Ply Keviar 29 i <P - -
1059 | 23-Ply Kevlar 29 P12 5.7 10.1
7 22 4u** | 1502 | 16Ply Ve fa 29 103 6.1 79
32 101 W36 | 15-P1, Kevlar 29 11.7 6.0 94
38 158 832 | 16-Ply Kevlar 29 11.8 6.1 94
8 38 7 1120 7-Ply Kevlar 29 122 57 103
.38 101 1000 7-Ply Keviar 29 11.8 6.2 9.2
38 158 800 7-Ply Kevlar 29 12.5

** Missile yawed.

PRI AT

e e ik e a2t e b £ L

*Complete penetration.
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APPENDIX

BACKFACE SIGNATURE COMPUTER PROGRAM

REAL MSE, MSR
DIMENSION XP(100) %P (100)
DIMENSION  X(100), Y(100), TITLE(13)
DIMENSION SM{100)
1000 FORMAT ( Ull, 19HREGHESSION ANALYSIS
2000 FORMAT (I2 , 13A6 )
2500 FORMAT ( 1H , 13A6 )
3000 FORMAT (2F10.2)

400" FORMAT (9H Y=, Fl10.4 , 3+ ( , F10.4 , 3H) X )
4100 FORMAT (9H Y= , Fl10.4 , 3H+ ( , F10.4 , BH)IOG(X) )
4200 FORMAT (9H LOGY = , F10.4 , 3H+ ( , F10.4 , 8H) X )
4300 FORMAT (9H LOGY = , F10.4 , 31+ ( , F10.4 , SH)ILOG(X) )
4400 FORMAT (9H 1/Y = , F10.4 , 3H+ ( , F10.4 , BH)LOG(X) )
4500 FORIRT (9H LOGY = , F10.4 , 3H+ ( , Fl0.4 , 8H)1/X )
4600 FORMAT (9H 1/Y = , F10.4 , 3+ ( , F10.4 . SH) X )
4700 FORMAT (JH 1/Y = , F10.4 , 3+ ( , F10.4 , BH)1/X )
4800 FORMAT (9H Y = , F10.4 , 3w+ ( ., F10.4 , BH)1/X )
4900 FORMAT (SH Y** ,F7.4 , 20 = , F10.2 , 30+ ( , F10.4 , 5H) X**

1,F7.4 )
5000 FORMAT (1HO, 10X, 14HSTANDARD ERROR ,12X, 1HT, /N
5500 FORMAT (2H A , 2F20.5 , S5X  1S5HSIGNIFICANT AT » F6.2 ,

19H PER CENT )
5600 FORMAT (2H B , 2F20.5 , SX  15HSIGNIFICANT AT , F6.2,
19H PER CENT )

5700 FORMAT (1H , 20HANALYSIS OF VARIANCE , //, TH SOUKCE , 10X,
12HDF , 10X , 11HMEAN SQUARE , 1o , 1HF ,//)
6500 FORMAT (11H REGRESSION , 6X, 1Hl1 , 10X , F10.5 , 6X , F10.0,
115HSIGNIFICANT AT , F6.2 , 9H PER CaNT )
6600 FORMAT (6H ERROR 8X , I3 , 10X , F10.5, //, 4HR = ,
1F10.5,4X,15HSIGNIFICANT AT , F6.2 ,9H PER CENT ,///)
7000 FORMAT (1H ,12X,3H X , 16 X 1HY , 10X SHYESTIMATE ,9X,'Y-YEST'
1//)
8000 FORMAT (1H ,4F15.5)
1 PY=1.0
PX=1.0
RX~0.0
WRITE (6,1000)
READ (5,2000) JTYPE, (TITLE(I)
WRITE (6,2500) (TITLE(I)
WRITE (6,21) JTYPE
21 FORMAT (1H ,I4)
D08 I=1,100
READ (5,3000,END = 9 ) XP(I),YP(I)
8 CONTINUE
9N=1-1
IF (JTYPE.NE.-1) GO TO 10

- =
|l ]
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47*
48*
49*
50*
S1*
52*
53+
54*
55¢
Se*
57+
58+
59+
60*
Gl*
62*
63*
64*
65*%
66*
67*
68%
69*
70%

72*
73*
74*
75*
76*
TI*
78*%
79%
80*
81+
82%
83*
84*
85*
867
87*
gg*
89*
9o*
91*
92*
93*
94*
95*
96*
97*
98*

Appendix

m75JTYP'E=0,8
10 &X =

SY =
SXsQ
SYSQ .
SXY = 0.0

[ =N )
[oNeRoNal

0
0

i

I=0
IF (JTYPE.NE.9) GO TO 5
READ (5,3000) PX ,PY
5 OONTINUE
I=I+1
X(I) = XP(I)
Y(I) = YP(J)
IF (JTYPE.EQ.0) GO TO 20
%0 T0 (11,12,13,14,15,16,17,18,19,19) ,JTYPE
11 X(I) = ALOG1O(X(I))
GO TO 20
12 Y(I) = ALOGLO(Y(I))

Y(I) = ALOG1O0(Y(I))
G0 T0 20
14 X(I) = ALOG1O(X(I))
Y(I)=1.0/Y(I)
GO TO 20
15 X(I) = 1.0/X(I)
Y(I) = ALOGLO(Y(I))
GO TO 20
16 ¥(I) = 1.0/¥(I)
&0 10 20
17 X(I) = 1.0/X(1)
Y(I) = 1.0/¥(I)
0 T0 20
18 X(I) = 1.0/X(1)
GO TO 20
19 X(I) = X(I)**PX
Y(I) = Y(I)**PY
20 SY = SY + Y(I)
SX = Sx + X(I)
SXSQ = SXSQ + X(I)**2.0
SYSQ = SYSQ + Y(I)**2.0
SXY = SXY + X(I)*Y(I)
M=Mt1
IF (M.NE.N) GO TO 5
25 CONTINUE
B = (SXY - (SX*SY/FLOAT(N)))/(SXSQ ~ (SX (SX/FLOAT(N)))
A = (SY/FLOAT(N) -~ B*SX/FLOAT(N))
MSR = (SXY - SX*SY/FLuM (N))**2.0/(SXSQ - SX**2,0/FLOAT (N) )
DF = FLOAT(N) - 2.0
MSE = ((S¥YSQ - SY**2,0/FLOAT(N)) -MSR)/OF
F = MSR/MSE

24
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hd

99*
100
101*
102*
103+
104*
105*
106*
107+
108*
109*

‘110*
111*

112*
113+
114*
115*
116*
117+
118*
119*
120*
121*
122+
123%
124*
125+
126*
127%
128*
129*
130*
131+
132%
133*
134*
135+
136*
137#%
138*
139+
140*
141+
142%
143*
144*
145*
146*
147+
148*
149*
150*

Appendix

OORR =SQRT (MSR/ (TY3Q - SY**2,0 FIUAT(N}))
TR = CORR*SQRT(LL'/(1.0 - CORR**2.0})

SEA=SQRT (SXSQ*SEB/FLOAT (N) )

SEB = SQRT (MSE/ (SXSQ - SX*~2.0/¥LQA"'(N)))
TA = A/SEA

TB = B/SEB

IF (JTYPE.BQ.0) GO TO 40
GO TO (41,42,43,44,45,46,47,48,49,49) ,JTYPZ
40 WRITE (6,4000) A,E
GO TO 50
41 WRITE (6,4100) A,B
@ TO 50
42 WRITE (6,4200) A,B
GO T0 50
43 WRITE (6,4300) A,B
G T0 50
44 WRITE (6,4400) A,B
G 0 50
45 WRITE (6,4500) A,B
GO TV 50
46 WRITE (6,4600) A,B
GO TO 50

47 WRITE (6,4700) A,B
GO TO 50
48 WRITE (6,4800) A,B
GO T0 50
49 WRITE (6,4900) PY,A,B,PX
50 CONTINUE
WRITE (6,5000)
ABTA = ABS (TA)
ABTB = ABS(TB)
IDF = N~ 2
VARL = STUD (ABTA, IDF)
VARL = 100.0*VARL
VAR2 = STUD(APRTB, IDF)
VAR2 = 100.0*VAR2
WRITE (6,5500) SEA , TA , VARL
WRITE (6, 5600) SEB , TB , VAR2
WRITE ( 6, 5700)
TREG = SQRI(F)
VAR3 = STUD(TREG, IDF)
VAR3 = 100.0*VAR3
WRITE (6,6500) MSR , F , VAR3
VAR4 = STUD(TR,IDF)
VAR4 = 100.0*VAR4
WRITE (6,6600) IDF , MSE , CORR , VAR4
WRITE (6,7000)
DO 75 I=1,N
YEST=A+B*X (I)
IF (JTYPE.EQ.0) GO TO 60
GO T0 (60,62,62,64,62,64,64,60,69,A9,69) , JTYPE
62 YEST = 10.0**YEST

25




151*
152*
153*
154*
155*
156*
157+
158*
159*
160*
161*
162*
163*
164*
165%
166*
167%
168*
169*
170*
17+
172*
173*
174>
175*

Appendix

Q0 TO 60
64 YEST = 1.0/YEST
GO TO 60
69 IF (YEST.LT.0.0) GO TO 80
YEST=YEST** (1.0/PY)
60 SM(I)=YP(I)-YEST
GO TO 8l
80 YEST=0.0
SM(I)=0.0
GO TO 93
81 WRITE (6,8000) XP(I),YP(I),YEST,SM(I)
RIX(=SM (I) *SM(I)
Rit=RX+RRX
GO TO 75
93 WRI™. (6,8000) XP(I),YP(I),YEST, SM(I)
75 OOWTINUE
RRO(=RX/N
RMS=SQRT (RRXX)
WRITE (6,97) RMS '
VOL=3.141592653*XP (1) *A+/3,141592653/2.0) *B*XP (1) **2
PRINT 98,VOL
98 FORMAT (2X,'VOLUME=',F10.5,1X, 'CUBIC CENTIMETERS')
97 FORMAT (///1H ,'RMs = ',F10.5)
GO T01
END
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1*
2%
3%
4*
g
6*
™
g+
g

10*

11*

12%

13*

14*

15*

16*

17*

18*

19*

. 20%

21*
22*
23*
24*
25*
26*
27*
28*
29%
30*
31*
32%
33+
24*
35*
36*
37*
38*
39*
40*
41*
42%
43*
44*
45*
46*
47*
48*
49%
50*
51*
52*
53*

Appendix

DIMENSION DIAMY (20) ,DEPTHX (20) ,XNEW(20) ,YNEW(20) ,CXNEW(20Q) ,
1CYNEW (20) ,00D(20) ,COW (20) ,V(20)
DIMENSION TITLE (10)
READ 7,JTYPE, (TITLE(I),I=1,10)
PRINT 8, (TTITLE(I),I=1,10)
READ 1,M,N,X,Y,PPS
M~REPRSEENTS THE NO. OF FRAME COUNTS TO MAX. DEPTH
N~-REPRSEENTS THE NO. OF DIAMETERS MEASURED FROM MAX DEPTH
READ 2, (DEPTHX(I) ,I=1,M)
READ 2, (DIAMY () ,I=1,N)
PRINT' 9, (DEPTHX (I) ,DIAMY (1) ,I=1,N)
1 FORMAT (5X,12,5X,12,5X,F4,0,5X,F4.05X,F5.0)
2 FORMAT (16F5.0)
CX=1v.0/X
CY=4.0/Y
DO 10 I=1,M
10 QOD(I)=DEPTHX (I)*CX
Do 20 1=1,N
20 OOW(I)=DIAMY (I)*CY
XINC=DEPTHX (M) /10.0
XNEW (1) =DEPTHX (M)
J=0
DO 30 1=1,10
K=N=-J
J=J+1
XNEW (1) =DEPTHX (M) = (FLOAT (I-1) *XINC)
30 YNEW(I)=DIAMY (K)
po 40 I=1,10
CXNEW (I)=XNEW (I)*CX
40 CYNEW{I)=YNEW{I)*CY/2.0
DO 50 I=1,M
50 V(I)=(COD(I)~COD(I~1))*PPS*10¥**~-2
TIME=FLOAT (M) * (1.0/PPS)
PRINT 3,M,N,X,Y,XINC,PES
PRINT 4, (CXNEW(I) ,CYNEW(I),I=1,19)
PRINT 5,V(1) ,TIME
PRINT 5, (V(I),I=2,11)
3 FORMAT( )
PRINT 12, (CCD(I),OW(I),I=1.N)
12 FORMAT('0',3X, 'CEPTH CONVERSION',10X, 'WIDTH OONVERSION',/ (3X,
1F8.4,10¥%,F8.4))

4 FORMAT('0’,3X,'X',10X,'Y',/(F8.4,3X,F8.4))

5 FORMAT('0',3X, 'VELOCITY',10X, 'TIME',/ (3X,F8.4,10X,F8.4))

6 FORMAT (3X,F8.4)

7 FORMAT (12,10A6)

8 FCRMAT('1',2X, 'FILM NUMBER',2X,10A6)

9 FORMAT (2X, 'RAW VALUES FOR TEST MATRIX',/(2X,F10.5,2X,F10,5))
11 FORMAT (2F10.2)

WRITE(7,7) JTYPE, (TITLE(I),I=1,10)
WRITE(7,11) (CXNEW(I),CYNEW(I),I=1,10)
CONTINUE

sTOoR?

END
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DISTRIBUTION LIST NO. 2

Names Copies Names Copies
EDGEWOOD ARSENAL DEPARTMENT OF THE ARMY
TECHNICAL DIRECTOR HQDA (DAMQ-ODC) |
Atin: SAREA-TD-E N WASH DC 20310
FOREIGN INTELLIGENCE OFFICER 1
CHIEF, LEGAL OFFICE 1 Director
CHIEF, SAFETY OFFICE 1 Defense Civil Preparedness Agency
' CDR, US ARMY TECHNICAL ESCORT CENTER 1 Attn: RE(DEP) 1
PUBLIC HEALTH SERVICE LO 8 Attn: PO(DC) 1
AUTHOR'S COPY, Biomedical Laboratory 2 Washington, DC 20301
' DIRECTOR OF BIOMEDICAZ LABORATORY 1 Commanders-In-Chiefl
Attn: SAREA-BL-M 1 US Army Europe & 7A
Attn: SAREA-BL-H 1 Attn: AEAGC-CNS 1 3
Attn: SAREA-BL-R 1 APO New York 09403 ;
Attn: SAREA-BL-RM 1 p:
Attn: SAREA-BL-V 1 Commander j
US Army-Europe :
DIRECTOR OF CHEMICAL LABORATORY Attn: AEMPS 1 3
Attn: SAREA-CL-B 1 APO New York 09403 E
Attn: SAREA-CL-BS 1 ‘;
Attn: SAREA-CL-BW i Chief, Office of Research, 3
Attn: SAREACLLC 1 Development & Acquisition 3
Attn: SAREACL-D 1 Attn: DAMA-CSM-CM 1 ;
Attn: SAREACL-P 1 Attn: DAMA-ARZ-D 1 ;
Attn: SAREACL-T 1 Washington, DC 20310 K
Attn: SAREACLT-E 1 3
US Army Research & 3
DIRECTOR OF DEVELOPMENT & ENGINEERING Standardization Group (Europe) E
Atin: SAREA-DE-S 1 Attn: OCRDA (DAMA-PPI) 1
Box 65, FPO New York 09510 '
DIRECTOR OF MANUFACTURING TECHNOLOGY N 4
Atin: SAREA-MT-E 1 OFFICE OF THX SURGEON GENERAL . ;
HQDA (SGRD-EDE)
DIRECTOR OF PRODUCT ASSURANCE Attn: LTC Charles Dettor 1 :
Attn: SAREA-PA-P 1 WASH DC 20314 d
DIRECTOR OF TECHNICAL SUPPORT Commander ' 1
Attn: SAREA-TS-R 2 US Army Research Institute of
Attn: SAREA-TS-L 3 Environmental Medicine
: Attn: SGRD-UECA 1 B
DEPARTMENT OF DEFENSE Natick, MA 01760 =
Administrator US ARMY HEALTH SERVICE COMMAND o
Defense Documa.mtior.n q’mter Commander 1 \3
Attn: Accessions Division 12 US Army Environmental Hygiene Agency % .
Cameron Station Attn: USAEHA-AL, Librarian, Bldg 2100 1 H
Alexandria, VA 22314 APG-Edgewood Area 3
Director Commander 1 P
, Defense Intelligence Agency US Army Institute of Surgical Research i
Attn: DIR4G1 1 Brooke Army Medical Center N
Washington, DC 20301 Fort Sam Houston, TX 78234 i ;
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: US ARMY MATERIEL DEVELOPMENT
AND READINESS COMMAND

Commander
US Army Foreign Science &
Technology Center
Attn: DRXST-IS1 2
220 Seventh St., NE
Charlottesville, VA 22901

—

R

Commander 1
STIT-EUR
APO New York 09710

Commander 1
US Army Science & Technology

Center-Far East Office
APO San Francisco 96328

Project Manager for Chemical Demilitarization

and Installation Restoration

Attn: DRCPM-DR 1
APG-Edgewood Area

US ARMY ARMAMENT COMMAND

Commander

US Army Armament Command
Attn: DRSAR-ASH 1
Attn: DRSAR-RDT
Attn: DRSAR-TDC ’ 1

Rock Idand, IL 61201

—

Commander
Dugway Proving Ground

Attn: SARDP-TL (Librarian) 1
Dugway, UT 84022

Commander
Pine Bluff Arsenal

Attn: SARPB-ETA 1
Pine Bluff, AR 71611

US ARMY TRAININC & DOCTRINE COMMAND

Commandant
US Army Infantry School
Combst Support and Maintenance Dept.
Attn: NBC Division 1
Fort Benning, GA 31905

Commander
US Army Armor School

Attn: ATSB-CD-MS 1
Fort Knox, KY 40121

Commander
US Army Infantry School

Attn: ATSH-CD-MS-C 1
Fort Benning, GA 31905
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US Army Ordnance Center & School
Attn: ATSLCTD-MSC

APG-Aberdeen Area

US ARMY TEST & EVALUATION COMMAND

Record Copy

CDR, APG -
Attv: STEAP-AD-R/RHA

APG-Edgewood Area, Bidg ES179

CDR, APG
Attn: STEAP-TL
APG-Aberdeen Area

Commander
US Army Tropic Test Center

Attn: STETC-MO-A (Tech Library)
APO New York 09827

DEPARTMENT OF THE NAVY

Chief of Naval Research
Attn: Code 443

800 N. Quincy Street

Arlington, VA 22209

Commander

Nawal Surface Weapons Center
White Oak Laboratory

Silver Spring, MD 20910

Commander

Naval Intelligence Support Center
4301 Suitland Road

Washington, DC 20390

Commanding Officer
Naval Weapons Support Center

Attn: Code 5042/Dr. B. E. Douda
Crane, IN 47522

DEPARTMENT OF THE AIR FORCE

HQ Foreign Technology Division (AFSC)
Attn: PDTR-3
Wright-Patterson AFB, OH 45433

HQ, USAF/SGPR
Forrestal Bldg
WASH DC 20314

Commander

Aeronautical Systems Division
Attn: ASD/AELD

Wright-Patterson AFB, OH 45433
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Names

Director
Ait Force Inspection and
Safety Center
Attn: IGD(AFISC/SEYV)
Norton AFB, CA 92409
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Names

OUTSIDE AGENCIES

Director of Toxicology
National Reseazch Council
2101 Constitution Ave, NW
Washington, DC 20418

Director

Central Intelligence Agency
Attn: ORD/DD/SAT

Washington, DC 20505
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