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1. INTRODUCTION

With measurements taken directly from flash radiographs of shaped-
charge jets before and after breakup, quantitative information
describing particulated jet characteristics can be derived. The
measurements are used to calculate such properties as particle length,
diameter, velocity, mass and break-up time. It is, however, a very
tedious and time consuming operation to take the measurements by
hand and subsequently perform the calculations at one's desk. To
alleviate much of this work, a method using digitizing equipment and
a computer program has been developed and is the subject of this report.
This method has proven to be very useful, especially in projects
involving many rounds and requiring short turn-around time for
measurements and computations.l>? The equations used in the computations
will be discussed in the next section. Appendices for film reading
procedures and for the computer program operation are included.

IT. COMPUTATIONS AND EQUATIONS

The program was designed to calculate as many quantities as
possible with the data extracted from radiographs. This includes
individual particlesas well as the whole jet measurements. Since
this report is intended as a user's guide, the calculations will
be described briefly. All computations are tabulated in the outpnut
with proper headings. A typical output is shown in Appendix E.

All radiographs contain slightly magnified images of the particles
of a shaped-charge jet. The positions of the particles are likewise
altered from their true positions relative to the base of the shaped-
charge liner. This difference is taken into account by the
magnification factor, M, which is determined by the ratio of the
distance, a, from the face of the x-ray tube to the jet path, to the
distance, b, from the tube face to the film, as depicted in Figure 1.
Thus, M = a/b. This factor is used in determining particle lengths,
diameters, and positions. To calculate lengths and diameters, the
measurements taken from the particle images on film are simply
multiplied by the magnification factor.

To calculate change in position the magnification factor is used
in the determination of a particle's true position during a given ~
flash. Two cases must be considered regarding the film location in

TR, L. Jameson, and H. J. Blische, "A Study of a Light Anti-tanx
Weapon, " report in preparation.

2D. Dorfman, and S. K. Golaski, "Electro Formed Shaped Charge Liner
Evaluation,” report in preparation. Martin Marietta Corp.

Contract HDAAK 11-77-0088.
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the determination of position. Refer to Figure 1 for the locations
of the terms involved. Note that on all films the distance, p, from
the fiducial to the particle is positive below the fiducial and
negative above.

Case I: Film numbers 1 and 2.

s=F-[(f-ppM],

where s is the true position, F is the distance from the shaped-
charge liner base to the x-ray tube focal level, f is the location
of the y fiducial relative to the focal level, p is the point on
the particle measured from £, and M is the magnification factor.

Case II: Film numbers 3 and 4

s=F+ [(f+p) M ] .

Once the positions have been determined for all flashes, velocity is
calculated by
v = v " ®a

- b
Tb Ta
where Sy = S, is the distance of jet travel between the earlier (a) and
later (b) flashes, and Tb - T 1is the change in time between the
flashes. a

Break-up time is determined by the equation developed by Simon.3

where li is the individual particle length, v. is the velocity of the

1
first particle and vy is the velocity of the nth particle.

J. Simon, "The Effect of Ezplosive Detonation Characteristics on
Shaped Charge Performance,' BRL Memorandwn Report 2414 (1974).

(AD #B000337L).
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Mass calculations involve the equation for the volume of
a truncated cone. As described in Appendix A, points located around
the film image of a particle outline a pair of trapezoids. This is also
shown in Figure 2. The program interprets the coordinates of the
points as measurements for truncated cones and applies the equation
for mass, m, where

. T 2 2 2 2
m=o 3 [HR " RR* R) + Hy(R, ™+ Ry Ryt R%) |

i Here, p is the density of the shaped-charge liner material, H1 and H
are the heights of the truncated cones, and Rl’ R2 and R3 are” the raaii.
Momentum (mv) and kinetic energy (%— mvz) are finally calculated

using velocity and mass previously computed.

f The virtual origin of the shaped-charge jet is found by fitting

a least-squares line through the particle velocity/particle position
data for each flash. Theoretically, the position of the virtual origin
corresponds to a particle velocity of zero."“

Tabulations of the above mentioned quantities arc performed and
listed in the output as averages. However, for the purpose of
trouble-shooting, and to gain insight into the accuracy of the
average computed quantities, velocities between the flashes and
masses for each flash are also listed.-

“R, DiPersio, J. Simon and A. B. Merendino, "Penetratvion oj Sny cd-
Charge Jets Into Metallie Targets," BRL Report 1236 (13€5),
(AD #476717).
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Figure 2. Particle Shape Approximation, Dashed linces
outline two trapezoids that are interpreted s
1 truncated cones in the program,
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III. SUMMARY

As indicated earlier, this method quickly yields valuable intaor-
mation necessary for the evaluation of shaped charge designs. A lurgc
number of radiographs can be data reduced in a few days, whcreas
the same number would take months if reduced by hand. This has the
advantage of giving the shaped charge investigator more flexibility
by allowing more time to assess designs and make decisions.

For accuracy considerations, comparisons of some measurcments werc
made with other findings, and an error estimate of one measurement
was performed. Velocity, length, diameter and break-up time calcula-
tions for the round in Appendix E were compared to data of scveral
similar rounds as reported by Majerus®. The quantities in Appendix E
were found to be within the range of Majerus! data., There is a problem,
however, with particle mass calculations, An error estimate for the
mass of a selected particle revealed that the measurement could be
incorrect by approximately 60%. Several factors are involved in this
large error including magnification measurements, digitizing equipment
accuracy, image clarity and coordinate point locations. Referring
back to Figure 2, note that the group of points surrounding
the particle does not represent a contour mapping of the particlce
shape but approximates two truncated cone geometries, This is where
the largest part of the error occurs. Ideally, a much larger number
of digitized points would give a better approximation of shapce, but
the equipment currently in use limits the number to six. One solution
would be the use of a digitizer with a rapid and continuous modc point
reader connected to a tape or disc data storage device. This would
enable the operator to trace the image of a particle and producc
a closer geometric approximation. The computer program could subscquently
be modified to compute mass more accurately.

i

“To N. Majerus, "A Model for Studying the Influcwesr of Guioo .
fackages Upon Shaped Charge Warhead Performanc.:,” FRIoFo. o
(1376). (AD#BO15298L).
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APPENDIX A

PROCEDURES FOR PREPARING AND READING RADIOGRAPHS




The standard BRL flash radiographic tcst site contains holders
for film cassettes, each cassette containing either three or four films.
As a rule the films bear the flash number and the film number.

After developing the films, they are arranged according to
their positions in the cassettes., The jet particles are then numbered
starting with the jet tip and working back, with each particle having
the same designated number for every flash.

Once the particles are identified, a set of six points, outlining
a pair of trapezoids, is obtained for each particle. When
measurements are taken of these points, the configuration will be
interpreted as a pair of truncated cones in order to calculate mass.
Figure A-1 describes the preparation of the jet particle images.

The film reading machine that is presently used for this
procedure is the Data Reducer 099, manufactured by the Telecomputing
Corp. Signals are sent from the 099 to a digitizer, developed for
BRL by Mr. Donald F. Merritt, The digitizer then transmitts this
information, in the form of data units per inch, to a MAI Equipment
Corp. 523 Gang Summary Unit which punches the data onto computer
cards.

The following procedures will enable the user to operate the
film reading equipment:

1. Insert the wired circuit board labled “JET', label down,
into the connection frame of the Gang Summary Unit.

2. Load the Gang Summary Unit feeder with blank computer
cards.

3. Turn all three machines on, in any order.

4, Beginning with the first flash, place the film containing

the jet tip onto the lighted reading surface of the 099. Arrange the
film so that the jet is aligned horizontally on the lighted surface.
The horizontal fiducial should run parallel to a line marked across the
lighted surface as indicated in Figure 2. This is the x-direction.

The vertical fiducial will indicate the y - direction.

5. By adjusting the large wheels located on either side of
the console, place the cursor cross-hairs on the intersection of the
x and y fiducials and press the button marked '"$'" on the right of
the console. This will assign (0,0) to the x/y intersection.

6. Located at the bottom-center of the digitizer console is
a set of twelve registers with star-wheel adjustments. Reading from
left to right, enter the round number in the first five registers,
film number in the seventh and flash number in the eleventh.

13
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7. The frame count windows in the center of the digitizer
console should read zero in all units. If not, press the reset
buttons until all units are zeroed.

8. Position the other switches and registers on the digitizer
console as indicated in Table A-1,

9. With the cursor at (0,0), press the foot switch repeatedly
until the number "1' appears in the frame count window. This will
zero-out the memory in the card punch machine.

10. To read a particle place the cursor on each point, beginning
1 with P, (Figure A-1), and press the foot switch for reading at

each point. Repeat this step for every particle on the film.

Table A-1. Positions of Switches and Other Adjustments on the
Electronic Digitizer

WITCH POSITION
Multiplier (x and Yy) 4
Direction (x) Down
Direction (y) Down
Normal/Test (x) Normal
Normal/Test (y) Normal
Printer (paper tape) User's choice
Punch on
Skip/Print Constants Print {on)

Frame Count Advance

11. Repeat steps 4 through 10 for each film.

12. Change registers seven, film number, and eleven, flash
" number, when the film is changed.
. 13. After the particles are read for all flashes, sort the cards

out by 'reading the holes'" in columns 77 through 80, and remove

only the card for each particle that has punched holes for a '"+"
character over column 76. This will be the sixth {last) card for the
particle.

14
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Figure A-1.

Typical Radiograph of a Shaped-Charge Jet
Mounted on Film Reading Device and Showing
the Sequence for Reading a Particle
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APPENDIX B

INPUT TO THE PROGRAM
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Card 1:

Columns 1-5: ICASES - Number of rounds to be run.
6-10: LCL - Option for printing out the shaped-charge
liner density. Enter 1 if print out is not
desired. Otherwise, leave blank.

Card 2: Case Identifier and some constants.

Columns 1-5: NROUND - Round Number
6-10: NPART - Number of jet particles
11-15: NFLASH - Number of flashes
' 16-20 RHO - Shaped-charge liner density

21-30: XMAGl - Magnification factor for first flash
31-40: XMAG2 - Magnification factor for second flash
41-50: XMAG3 - Magnification factor for third flash
‘ 51-60: Flash 1 - Delay time for first flash

61-70: Flash 2 - Delay time for second flash
71-80: Flash 3 - Delay time for third flash.

Card 3: More constants,

Columns 1-10: FOCUS 1 - Distance from the shaped-charge liner
base to the focal level of the first x-ray tubc.

11-20: FOCUS 2 - Distance from the shaped-charge liner
base to the focal level of the second x-ray tube.

21-30: FOCUS 3 - Distance from the shaped-charge liner
base to the focal level of the third x-ray tube.

31-40: FlA g Distances of film "y" fiducials to the

' 41-50: F2A\ focal level of Flash A, Digit is film

51-60: F3A | number and letter (A, B or C) is flash.
61-70 F4A  This also applies for Card 4 constants.
Card 4: More constants for fiducial measurements.

Columns 1-10: F1B

11-20: F2B
21-30: F3B
31-40: F4B
41-50: FIC
51-60: F2C
61-70: F3C

71-80: F4C

l 19
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Card 5: First particle card. All particle cards are identical
] in format. x and y coordinates are data units/inch in
integer form.

Columns 1-5: IX(1) - x coordinate of Py
6-10: IY(1) - y coordinate of P,
11-15: IX(2) - x coordinate of P,
16-20: IY(2) - y coordinate of P, ‘
21-25: IX(3) - x coordinate of Ps i
| 26-30: IY(3) - y coordinate of p, ’
‘ 31-35: IX(4) - x coordinate of P,
36-40: IY(4) - y coordinate of P,
41-45: IX(5) - x coordinate of Pg
46-50: IY(5) - y coordinate of P
51-55: IX(6) - x coordinate of P
56-60: IY(6) - y coordinate of Pg

65: L - Flash number (1,2 or 3)

70: IFILM - Film number

IROUND - Round number

IPART - Particle number

20
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APPENDIX C

PROGRAM LISTING




The program is written in FORTRAN IV and is currently on filc
in the BRL Control Data Corporation's CYBER 170/7600 system.

to
(2]
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1 BANGPAM MAIN(INPUT ¢OQUTPUT «TAPESAINPUTTAPELSOULTRUT) valn ?
OIMENSION S1(100)¢5S2(100)eS3(100)ovOL(L00)eXL(100)eDIACI00) mA TN 3
IV1(100)oV2(100)¢vI(100)sVELIIVU) o XMASS(100) eXKE(L10O) ¢« SUMKE (100} ma N “
SELOC(100) «XXL (100 oSUML (100)0IX(6)oIY(O)oZR(A)e2ZY(r), Ma [N 5
s JAREAKR(100) ¢ SUMMAS (1001 oE(10000) ¢DA(I) eOB(I) o XMAG(D) MALN .
DIVMENSION AA(243)¢CC(2) +HA(S00) 4AP(800)+SIGIR)TT () CO&maA 1
OIMENSION SA(10)e58(¢10)+SCI10)+SO(10)oSECL0)oSF(10)«SL1()0) AN 7
§ 1SL2(10) oSLICL10)oST(L0)oL1(100)L2¢(100)4L3(100) mALN d
{ OTIMENSION P(100)TOTP(100) oSUMDIA(L00) oSUMLENIL00) oXDIA(L100) oDELY( MATN s
] 10 1100) «SDELV(100) +SUMOEL {100) MA TN 10
] OTMENSION XVOL (34100} MAIN 11
a DIMENSION AZ(1000+100) copk 1
, ; DATA SA(1)+SA(2) ¢SA(I) /71ONVELOCITY (olO0MMM/MICKOSE ¢ INC)>/ MAIN le
S 4 DATA SBU1)4S812)¢5812)/710MCUNULATIVE JOH RASS (GRAcaRNMS) D>/ ma [N 13
? 15 DATA SC(1)e8C(2)¢SCI)oSCIA}/10MPOSITION As1OMLONG JET LolOMFNLTH  MAIN 16
1wy o ina/ wAIN 1%
; NATA SD(1)¢S0(2)¢S0(II/710MCUMULATIVE(LOM RoE, (UOLIeSHLESI>/ MAIN 16
; CaTA SE(1)oSE(2) oS5E12) oSE(a}/10PDISTANCE Po1OMNOM CHARGE10m BASL MAIN 17
; Lium) g Jmd/ »AIN 1R
; 2n OATA SPUL)oSF(2) o7 () /7 0nunEAROUB TolOnInt (MICRCoonSEC) >/ LI L 19
S| OaTA SLI(1)/768nFLASKH 15/ MATN 20
; 0aTA SL2LL)/Z780FLASH 2>/ MATN el
i DATA SLI(1)/70nFLASH 3>/ *aIN 22
1 FNRAMAT (IIS«FS,2.6F10,9%) AN ¢3
E L) 2 FORMAT(TF10.9) mAIN 26
- 6 FOAMAT (AF1045) MAIN zs
21 FORMAT(2IS) FAIN 26
. J0 FOPMAT(1218¢2X0e1102X4318) “aln er
“EAN(Se2)) TCASES.LCL MAIN 2%
30 IF(EOF(S)) 23.2) “ATIN [3]
23 D0 800 IJslsICASFS MA TN 30
22 FEAD(Se1)INWOUND ¢NPART gNFLASHORMO s (XMAG(I) oImle3) oFLASHLWFLASHZ, ~a TN 31
1FLASKH] AN 32
IF(EOF (5)) 26426 mATN 33
1% 26 ENCODE(2]1+204ST(1)) NROUND L FE e
20 FORMAT{LOMROUND NUMB.aNER 152k >) ma N 35
“EADUSe2) FOCUS1+FOCUS2+sFOCUSIsF1AFZAIFIAsFaA “aIn 36
IF(ECF(S)}) 25425 LY LN 37
25 VEADISe6) FIBF2R+FIRIFORIFICoF2CoFICIF4C mMalN 3R
wh IF(ECF(5)) 26426 Ma TN 39
26 R0O=zRn0 MATN «0
IF(LCL.NE,]1) GO TO 29 “aIN «l
A0zl , MAIN “?
[ L w3
5 C “OUNC INFORMATION CAWD NFAT LT N e
29 POINT § AN s
LETMT 3¢ NROUND oMU (XMAGIN) ¢Nm]+3) +FOCUSTsFOCUS2+F OCUSIeFLASHLWFL Ma N “h
1852 FLASKI ragn ©?
3 FCPMAT(///7/7/7 42004 P HOUND NUMBER 14154/ /7920Xs *LINEF DENSITY(GM/CT)a Megr bn
|0 1 'eFéeele/e20XKe *MAGNIFICATION FACTOM=?93F9,5¢/¢20X¢'DISTANCE Fruw ( »aIN “v
FItEE AASE TO FOCAL POINT(MM) ty/ 425X 'FLASKh L= VyFeola/e2SKyFLASH WMo e
2= VeFbH le/e2SXetFLASH 3= ¢ 4F6,]10/7020K0 DELAY TIMES (MICKUSEC)® e/ ™aln “1
62G X tFLASK Lo 14F6.10/085K0FLASH 2= '4FB.1e/925XetFLASKH 3= t4Fb, | MAIN LY
5) VAN 83
) -ETE 134} LY ¥4 ~a
PR INT S NATN - 9
S FNOMAT(]km]} rals . -
24
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PAINT » “A [N 27
o FORMAT(21X¢tPARTICLE AVG, VELOCITY TOTAL JET BREAKeUPY+/¢2 CONRA I3 N
12X ¢ INUMRER Y 00X o * {MM/MICKOSEC) Yo IR PLENGTH(MM) Vo IRo Y (MICHUSEC) Ye/) CORKaA 3
Pled.le)80 MAIN ~0
00 150 Isw)eNFLASKH MATN .1
DO 149 Js]NPANT MAIN (Y4
RFAD(9¢30) (IX(X)oJY(K)eKB]lo6)oboIFILMe IROUND s IFAKT MATN .3
IF(ECF19)) 32432 mAlN b
32 00 3% ms],8 »AIN €5
IX (M) SFLOATUIX(M))/15,%900 »alN ah
35 2y () aFLOATIIY(M)) /15,5906 mAN .7
TFIZX (1) JEQe2TX(2)) GO YO 40 wAlN nA
Ao SOSART((ZX (1) =2X (&) 1292+ (2Y (1)=2Y (61 ) 0@2) 0XMAG(]) “AIN (.17
R2meSOSORT ((ZX(2)=2A(S) ) 0024 (2Y(2)=2Y(S))002)0xXMAG(]) Yaln 70
RIAXS5OSORT((ZX 1) =ZX(8)) 2024 (2Y(J)=2Y(4))@02)0XMAG(]) FAIN 71
PIxs(ZX())eIX (61} /2, mAIN T2
Plys(2Y())e2Y(&))/2, T3 71
P2xs(IntI)elX(4)) /2, malN Te
PaYR(IY(I)e2Y (M) )/2, MAIN 7%
PIX(ZX(2)e2X(5))/2. maln Tk
AZ(led)B(2Y{2V02Y(5)) /2, COmWR 2
PIYR(ZY(2)e2Y (%)) /2. maIN 124
XHISSART {(PlXapPIXN)1 0024 (PlYaPIY)®02)8XMAG(]) MATN 1L}
AHPESART [ (PIN«P2X) #0824 (PIYaP2Y) 002) axMAG(]) malN 79
21ZaFlx “aln )
P1XBP2X MATN 1
GOTO &5 MaN LY
40 PIxsZX(}) MAIN =3
45 IF(L.EQ.2) GOTO 5% MAIN "
IF(L.EQ,3) GOTO 65 AN A5
IF{IFILM,EG.2) GO TO &7 MATN e
IF(IFILM,EG,I) GO TO &R MalN -7
[F(IFILM.EQ,4) GO TO 49 MAlN L)
S1(0)2FOCUSI={Fla=PIX)®XMAGL]) LY 3N -
Go Tn 15 MA TN 95
©? S1(J)IBFOCUSL=(F2A=PIX)*XMAG(]) Mo N Sl
Go TO 1S MAIN vz
6n SH(JIBFOCUSLIC(F3A«PIX)OXMaG(]) MATN %3
60 TO 1S “AIN Ga
©9 S1(JIEFOCUS]Is(FaaeRR)®AMAG(]) A TH 45
15 TF(ZX(1)EQeIX(EY) GO TO 50 ~o N LT
Lity) =g MaIN 97
5070 75 LN “n
S0 LltJ)m} LN G-
GOTO =0 MA N 160
5% IF(IFILM.EG.2) GO TQ 57 LY BN 0l
IF(IFILM.EW,I) GO TO 58 eoo L. e
IFLIFILM,EQ.8) GO TO &S Ma TN il
92 (J) 2FOCUS2=(F lp=P1X)oxMAG(]) va N 10e
30 T0 1w LY RN J I
S7 S?2(u)aFOCUS2=(F2E=P]1X)exmaG(]) ®AIN 16m
G0 TC 16 “A N 1u?
SH S2{J)SFOCUS2e (FIbePlA)@XMAGI(]) »AIN ign
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59 S2(J)aFOCUS2e(FeRePIx)®xMAG (] AN 1Y
16 VItU)IS(S2(u)=S1 (U ) /LFLASHZ=FLASK]) Mo il
IFIZX (1) JECLIXLEY) HG TC 40 Ma gk il - <
25

o iSO 1 b ¢ i i EREN P PPN WP

]
R il




1<

120

128

138

176

a0

67
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17

70

To VOLIJU)IS VOL(IU) e (PI®XN]/3.2(HI®®24R]PR2eP2082)ep] 03z / 3, (r®e2emce®
1RP1epI002))

B

90

95

130

16
150

L2ty)r=s0

6070 7%

Letyuls])

GOT0 40

1F (NFLASH.EQ,2) GOTO 80
IF(IFILM.FQG,2) GO TO &7
IF(IFILP.EQ.I) GO TO A8
IF(IFILM,EQ.4) GO TO 69
SI(JIBFOCUSI=(FIC=PIx)eXMAG(])
G0 TO 17
SI(J)SFOCUSI=(F2C=PlX) ®AMAG(])
Go T0 17
S3(JIBFOCUSIe(FIC*PIXIOXMAGI(])
GO T0 17

S3(J)BFOCUSIe (FACHPLIX) ®XMAG(])

V21U a(S3(J)=S2(J) )/ (FLASHA=FLASKH2)
V3{J)8(S3{J)=S1(J))/(FLASH3I=FLASK])

TF1Zx(1).€EQ.2X(2)) GO TO 70
L3(J)=0
vOoTOo 79
L3tu)=]
GOTC ¥0

Bilx=Pll

AVOL(lod)s PIOXN] /3, O (R]OC24R|PR2e¢RZOW2) o [OXH2 /I * (H2®®Pen20he
1Rlee2)

AVOLt1ed)a XVOL(10J)®,001®RNO

KL(J)SAL(U) *SQRT((P1X=P2X)®024 (PlYaPZY)%®82)0xMAG(])

N1A(J)=0TA(U)+2,2R2
CONTINUE

IF(ILTNFLASKH) GOTO 149
IF(NFLASH,EQ,2) GOTO AK§

TFIL1(J) oEGal JAMDeL2tU) sEWe ]l ANDLITIU) JERLTY
TFLLIJI aEUs0 AN eLZ(U) cEQeOANCLI(U)EQD)

TF(LR21U) sEUe) s AND L3 (U) oERW1)
IFILL (U)o FRl AMND L ItY) sEW )
IFLLJ) kel AND L 2(U) JEQWLD
IFIL21U) dEGe 0. ANDoLI(UYERLD)
[F(LIGJ) eEUeB.ANLALI(U) EQLD)
IFILIJ) eENDoaNDoL2(J) EQLD)
IFIL1I(J) eER,1.8NDeL21U) JEQLD)
IF(LLI(J)eEQa0,AMNDaL2(U)EVLO)

GO
[c14]
Go
[<17]
GO
00
GO
G0

TO
TO
1O
TQ
T0
T0
T0
T0

55
1)
QS
100
100
100
149
100

IF(LI(J) eEGe0,0kal 21U} EG.0) GO TO 95

XMASS (JIEVOL(J)I*,001/3,%6Ry
XL (W)=XL (U1 /3,
Dla(J)=0la(J) /3,

ONTO &%
XAMASS(UIsVOL(JU)®,0014RK0
GNTC ley
AMASS{Y)aVOL U *,001/2,°RM0
XL (o) =mAL(UY 72,
Nta(yI=0lA(JIY /2,

CONTINUE

CONTINUE

U6 170 NSLoNPAKT

1F (MFLASHLEQ.2)6G0TO 155

26

GO Tt 19
GO TC o

MAIN
MAIN
FAIN
mAIN
MAIN
MA TN
MATIN
mAIN
Ma N
mAIN
AN
MAIN
rbAIN
VAIN
MAIN
MATN
LI 9¢
MATM
MAIN
MAIN
ma N
HAIN
MAIN
MAIN
MAIN
FaIN
HATIN
~alN
wa LN
MA TN
MATN
MAIN
MAIN
MATH
MA TN
bAN
A Th
MBIN
LE SN
MA TN
CYSEN
MATN
VAN
LAt
LIRS
MATA
Al
Ma N
MATN
AN
MalN
MA N
MATN
MAIN
Ld BN
vaInN
Maih

——— o
——— e e
r N3P rE

=5
l1os
is7
5@
P
167
1es
Ire
is3
lma
169
lon
1e7
lhu

R




—

180

1+5

160

148

209

213

21

22%

VELINISLV]I (NI eV2(NIoVI(N))/I,®,]
60T0 160
155 VFL (N)sV](N)®,]
160 SuML (N) XL (N) oSUML (=]}
SUMMAS (N) 8XMASS (N) eSUMMAS (N=])
ELNDIMISXL (N)/DTAIN)
VEL(NIRVEL (N)®10,
AKE(N) 8, SOXMASS (N)®,001®(VEL(N)®1000,) 002
SUMKE (N} B XKE (N} o SUMKE (N=])
P(N)sVEL (N) *XmASS (N)
TOTE (N)RP (N} oTOTP (N=1)
SUMDIA(N) aSUMDTA (N=1) +DIA(N)
IFINJEQL1)IGOTO 165
HREAK (M) SSUML (N) /7 (VEL L1 )=VEL (N))
Govo 170
169 wPEAK(Ll)ma,0
170 PRINT 171¢ NoVEL(N) ¢ SUML (N) s BREAK (M)
171 FORMAT(23Xe12010X0F6.309X¢F6e2¢7XesF6.1)
PRINT S52
S2 anhlf(lvaZOlo'PAFTICLE'vbl-'VFLOCXTVI'thc'VELOf!TVZ'oelo
1'VELOCITYB'cln??lo'NUHHEﬁ'|ch'(FU/FICHOSECl'-?Iv'l~F/~XCkaEC)'-
22X 4t (MM/MICROSEC) ¥4 /)
00 172 Jym]1.NPART
172 PRINT 173y JsV1(J)eV2(J) eV}
173 FORMAT (23X ef249X4F8.349XeFAh I 19XFbT)
PRINT 178
175 FORMAT(1M]1420X¢ *PARTICLE LENGTH DIA, L/n MASS TUTAL J
lEY'.IoZElo'NU*FEﬂ'oSl-'(MN)'cclo'(PN)O-OXo'(Gﬂlvs)'.ZIv'vASS(enlns
210 /)
DO 176 1=)NPANT
176 BRINT 177, I-lL(l)leA(I)oELOD(l)vANASS(l)vSUMNAS(I)
177 Fﬂ°FAT(?3!0IZ!Clofbnl'bl'F‘ol'ZX'F‘-lo‘loFS.ZQSKcF*.Z)
BRINT 603
003 FORMAT (1M1420Xe "PARTICLE® o4 Xo MASS]? 4O s tMASS20 4 QRe tMASSII ¢/ 022K
l'NUUFER'oAlv'(GFIHS)'.?!.'(GRA#S)'.7!-'(G&AMS)'-/!
LO 600 y=)l,NPART
I=}
n00 SRITE(Aeh02) (JoXVOL(Ted) s XVOLITIs]eu)l e XVOL (1024} )
602 FORMAT(23Xv 200X eFB b ohXsFBebebXeFRb)
PPINT 180
180 FORMAT (1M]1420X¢"PARTICLE KeEo TOTAL JET [ISTANCE FRULM Cpm
1aRGE 8‘55'o/v??l"NUﬂQEﬂ'nﬂlv'(JCULES)'03XQ’KE(JOULES)'|2Xt’FLA§"
21V42K e "FLASH 2942Xo*FLASK 30,4/)
G0 18] Isl.NPART
18] PAINT 182, ToXKE(I) oSUMKE (1) eS1(])eS2(1)082¢(])
182 FOEPAT(ESX-IZ.?X»F&.Oogl'Fa.O-bx.F5-o..x.r‘.ooal.rs.0)
PRINT 18]
k] FnDnAYtlhlozox"DANYICLE'-nxq'uohENTUnt.ax.'rnrnL WET Ve agzRatumg
LER I 44 Rot (KGoM/SEC) 123Xy 'MOMENTUM? /)
00 1RS Is]eNPAKRT
145 PPINT lBesleP (1) TOTP(])
186 FARMATIOIX s 1209XeF 6,297 XsF02)

#OINT 33
k] ‘OPﬁAT(lH]oZlXo'9ARTICLE'0810’DEVIANCE FROM PATH (MM} 14/e23X,
LINUMBER o 6X e SFLASH | FLASK 2 FLASKH 3%,/)

CO 800 yJum]loNPAKT
RRITE (6436) UUJeAZlledud) sAZ(24yud) vA2(3sudd}

MAIN
MA TN
HAIN
MATN
FAIN
MAIN
NAIN
MATN
FALIN
MALIN
MAIN
MAIN
MAIN
MAIN
mALIN
MAIN
FALIN
CORKA
MAIN
CORKA
CURRA
COwia
MATIN
MALIN
CCPRA
Maln
MATN
CORRA
CORa
PAIN
FAIN
COWRA
VAN
CORRA
CCHRA
~ATN
CUwRA
Cumwa
CONRA
MATIN
“a N
CORFA
CORRA
mATA
MAIN
COrwa
»ATN
COkwa
CORRA
ma N
MAIN
CCPRRaA
COFRE
CCRRA
CORKRA
COWpp
Cukkp

170
171
172
173
17
178
176
177
178
179
180
18]
le2
183
léa
1es
lre

1Ry

190
191

193
166

10
197
194

200
12
13

2a¢e
la
15
15

206

07
17
1A

elo

211

212
(4]
21

214

217

N> N e W




4
14

36 FORMAT (24Xe 128X eF8.303%eFB,303XsF8.I) CORWR H

230 400 CONTINUE CORRK 9

DO 192 NS2.NPARTY MAIN 219

-\* SUMLENIN) mSUMLEM (N=1) o X| {N) MAIN 2290

XDIAIN)BXOIA(N=])*DTA(N) HAIN 221

IFIN,EQ.2) GO TO 191 MAIN 222

238 NELVIN)OVEL (N=])=vEL (N} MAIN éel

! GO TO 192 MAIN 224

191 ODELVINISVEL(1)=VEL (N) MAIN 22s

; 192 SPELVI(N)SSDELVIN=1)eDELYV (N) MAIN 2en

0N 195 U3 NPART “AIN ec?

240 195 SUMDEL (u) sDELV{J) *SUMDEL (u=1) HATN °es

AVL1SSUML (NPART) /FLOAT (NPART) ’ HAIN 229

AVL2eSUMLEN (NPART) /FLOAT (NPAKT=1) MAIN £36

AVD1sSUMDTA (NPART) /FLOAT (NPART) MAIN 231

AVDZ2sXDIA (NPART) /FLOAT (NPART=]) MATIN 232

Zab ADELVISSCELV(NMART) /FLOAT (NPART=]) MAIN 233

ADELV2=SUMDEL (NPART) /FLOAT (NPART=2) HaIN g3s

PEINT 200¢ AVL1oAVL2+AVULleAVD2+ADELV]vADELV? *a N 235

: 200 FORMAT(INLe///7/7/790TXe%w1ITh JET T1P 8/0 TIPYe/e20Xe tAVERAGE FamT MAIN 234

, 1ICLE LENGTH! ¢ TXoF002¢7XeF042+/020K¢AVENAGE PARTICLE DIAMETERO9bAs MAIN 237

50 2FE, 208X eF5,20/¢20X¢ *AVERAGE CMANGE IN VELOCITY®46XxeF44.2019a0F4s2) MATIN ¢3n

PRINT S50S MAIN eay

NEAS2 . CORRA 23

NNa] COHwa e

ICc=0 COPma 28

P88 CaLl POLYLS(VEL +S1oNPART o AAGNRAGNNICCIRPoAF oERMSoSTGeTT o ToIC) COkwa 2%

sRITE(6sa]1) CCH]) COFWA 27

4]l FOAMAT(20XK«* VIRTUAL ORIGIN FUR FLASH 13%4F12,.6) CORMS 28

Catl POLYLS(VELeS2INPART oAAJNRAGNNICCoRR 9AF oERMSonIGeTToCETHIC) CORka 29

wRITE(6e42) CCt1) COkra 30

200 «2 FARMAT(20Ks" VIATUAL ORIGIN FOWR FLASK 2=%4F12.6) CORka 31

IF(L.LT«3) GO TO 518 CORRS 3z

CalL MOLYLS(VELISIINPART ¢AAJNRAINNOCCoRRouF sENMS4STGeTTeDETIC) COHRaA 33

wPITE (bes3) CC(1) CChwa 36

. «3 FORMAT(20Xe' VIRTUAL ORIGIN FOR FLASM 3804F12,.6) COkka 35

2K5 €15 CONTINUE COwRA EL

&0S FORMAT(1M]) MATN cel

NO S10 UNm ] JNPART malN 2el

VOL (UN} 20, maTN 2e2

XL (JNY 20, mMa N 2«3

270 €10 BIA(UN)=O, mAIN Zba

500 CONTINUE MAIN 2u%

STNP MATN 266

END walN 267

28




APPENDIX D

ALPHABETICAL LISTING OF PROGRAM VARIABLE NAMES

r1 29 i
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ADELVIL: Average change in velocity between particles.

ADELVZ: Average change in velccity between particles, excluding the
jet tip.

AVDl: Average diameter of all particles.

AVD2: Average diameter of particles, excluding the jet tip.

BREAK: Break-up time.

DELVA: Change in velocity between particles.

DIA: Diameter of a particle,.

ELOD: Length-to-diameter ratio of a particle.

L1, L2, L3: Flags for flashes 1,2 and 3 used for determining the
average length, diameter and mass of a particle.

P: Momentum of a particle.

P1X, P2X, P3X: Computed x coordinates of points between p
Pz and Py and p, and Ps> respectively.

P1Y, P2Y, P3Y: Computed y coordinates of points between P, and p, ps
and Pys and P, and Ps» respectively.

1 and Py

R1: Radius of the front end of a particle.

R2: Radius of the mid-section of a particle.

R3: Radius of the back end of a particle.

Sl: Computed distance from the shaped-charge liner busc to the

back end of a particle for the first flash.

S2: Computed distance from the shaped-charge liner basc to the
back end of a particle for the second flash.

53: Computed distance from the shaped-charge liner base to the
back end of a particle for the third flash.

SDELV: Summation of the changes in velocities betwecen particles.
used in the calculation of average changec in velocity.
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SUMDEL:

SUMDIA:

SUMKE :

SUML:

SUMLEN:

SUMMAS :

TOTP:

Vi

V2:

VEL:
VOL:
XDIA:
XH1:
XH2:
XKE :
XL:
XMASS :
XVOL:
ZX:

ZY:

Summation of the changes in velocities between particles
excluding the jet tip.

Summation of the diameters of all particlus, used to
compute average diameter.

Summation of all particle kinetic energies.

Summation of the lengths of all particles.

Summation of the lengths of particles excluding the jet tip.

Summation of the masses of all particles.

Summation of the momentums of all particles.

Velocity computed between the first and second flashes.
Velocity computed between the second and third flashcs.
Velocity computed between the first and third flashes.
Average velocity of V1, V2 and V3.

Summation of the volumes of a particle over all flushes.
Summation of all particle diameters excluding the jet tip.
Height of the truncated cone on the front end of a particle,
Height of the truncated cone on the back end of a particle.
Kinetic energy of a particle.

Length of a particle averaged over all flashes.

Mass of a particle averaged over all flashes.

Mass of a particle for a particular flash.

X coordinate converted from data units/inch to millimcters.

Y coordinates converted from data units/inch to millimecters.
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APPENDIX E

OUTPUT FROM A SAMPLE RUN
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ROUND NUMRER 2203

, LINER DENSITY(GM/CC)= 849
! MAGNIFICATION FACTOR= 92000 092000 .92000
! DISTANCE FROM LINER BASE TO FOCAL POINT(MM)
i FLASH 1= 914,64

FLASH 2' 01‘06

FLASH 3= 94,4
DELAY TIMES (MICROSEC)

FLASH 1= 16149

FLASH 2= 183,1

FLASH 3= 20249

? 35

\
P L e R T R T S LA




r L . . ) N . £
]
PARTICLF AVG. VELOCITY TOTAL JeT RREDK =
E NUMBE (MM/MICHOSEC) LENGTH (MM) (MICwOCE L)
{ 1 7¢741 30,93 0.0
2 7.549 ‘2.00 21“0"
3 Teb76 54,87 207,1
“ 7.371 T7.95 10,4
5 74123 RT .64 141 .Y
[} T+0466 97,79 160,7
\ 7 he91R 1074¢5 1320,
' 8 6.H9G 110.82 131.,¢
, 9 6.863 116,90 133,¢
?—’ 10 6e776 131.93 136,¢
l 11 6,625 144,06 129,06
a 12 Cebl4 149,54 132.7
' 13 6.501 163.09 13Y.,%
la He323 178.85 176.1
‘ 15 €4,291 184400 1726,¢%
le el 134402 12160
17 6elr3 193,36 172.%
14 6176 20l.88 176 . ¢
iy 56951 214 .2k 114,7
20 EJHQR 226425 lrcac
21 HeT7¢ c43eT4 1ed.r
2¢ LYY K] rneeld frer
23 5442 ?78011 et
24 62466 ernB.013 117.+
2% YL eYneba i119.7
/6 belbO 310.01 lenes
¢ 5e075 321.11 120"
ks 4e944 33106 11raa
P 4oH4P 390.73 171.¢0
30 boakT74 3hb,5n lever
31 44Nk H A76.¢17 Tlv,.*
3¢ 4eb01 KT 121,
33 Lybla 40T on? 12
Y 4472117 430637 Ter
3% 4 4 Nhx 44] He | WA
ak 4ahub LN Y S 170
J? joh.’q ‘573.“0 ];/-'
RIS EPLYa" 494402 -0 o]
39 Jebho 510.00 1/ ot
40 34333 534,79 [ ;
“] 30177 Ry T 1rlat
4r 3«06k CT74437 }27.¢
43 ?eB27 Ays .30 [7 ) 4t
36




21 PARTICLE VELOCITY]

b NUMBER (MM/MICROSEC) (MM/MICROSEC)

= 1 7.773
f : 2 7.573
g 3 7.483
E b T.58¢
{ 5 Te264
E 6 7.163
, 7 7.048
; t o 7.009
: & ~e987
10 6,886

[l 11 6.728
12 6.580

13 6.55%

la 6.370

1% 6,325

le 6,239

17 £.,206

ls Ao lTH

19 6,016

20 5950

21 QoH40

ee S 4,694

‘3 5,937

lu Ye362

rd) 5,307

2t 5,227

27 “.123

r'd,) S.020

29 5.823

30 “.797

31 @ ,6906

3z 4,621

33 4enH09

364 4,330

3% 4,206

36 4,178

37 3.97¢

3n 3,787

39 3,699

40 3,457

el 3.30%

L ¥4 3.753

43 7.953

37

VELOCITYZ

7709
T+525
7669
7.150
6,999
€926
6,THS
6,786
64737
6664
6.519
6649
(Y YY)
6.275
6256
64135
6.119
6e068
Selésls
S 846
5692
5524
“e330
226
el86&
5,108
S.0¢76
%134
344369
4oS4H
S A
46e370
4a317
4093
Q964
3.915
3776
.66k
3s40b
2205
2,006
2eB76
ray.L1-

VELOCITY3
(MM/MICHOSEC)

TeT42
T.5%0
TeaTh
T.376
Telee
76069
G
te601]
GoeHéES
6.779
Coetr?7
Aet 13
Cob02
6374
6oz G2
6.1F9
blb4
bal¢5
Relt 2
Qa9 00
5.774
G615
LY ACL
SarG?
Qe
G.]?ﬂ
Ce Tk
borh b
Gotth
Gob77
“.Lul
b 4513
Gab]e
4ol ¢
44 (B0
4060
KPS
det -8
Jabt G
RS
.10
3.(7]
Cebrs




, PARTICLE LENGTH DIA. L/D MASS TOTAL JET
: NUMBER (Mm) (MM) (GRrANVS) MASS ((RBMS)
E 1 30.9 48 6.6 3.70 3470
i 2 111 25 bob 29 349G
i 3 12.9 2.9 4.5 ol Go40
i A 23.1 2.8 8,3 e73 “.l6
E ‘, 9.7 2.9 3.“ .30 E?.““
;’ & 10,1 2.7 3.7 31 .75
E 7 9.5 23 4.l »23 «,G7
: L] Job 2.0 ]etd «07 (i’
S 9 6ol 206 2.6 ole folk
. 10 15.0 2.6  S.b e C b6
}// 11 1241 244 5.0 30 497
| 12 5.5 2.5 2.2 .15 7012
;' 13 13.5 oY ‘0.7 Y- Te56
o 16 15,5 2¢5 6.3 043 7.97
' 15 S.1 2.2 243 1l Fal7
i l6 440 2.1 1.9 «07 Foelb
17 5.3 2¢5 2.1 13 ko 2PF
18 beb Ceb 3.1 " a4
19 174 2.8 Lot el ) re%3
20 12.0 Ce3 5.3 27 Yel9
21 17.5 Ze¢3 T.7 el ? Yebl
22 1% 2e6 Tel o U 10,10
23 15,4 2e6 ho0 sbl 10.55
24 Gl Cel 3.‘3 «31 10 4mA
25 10,5 2e7 3.9 o1 1le17
26 11.5% ceb be® +31 1le04r
27 il.d 3,0 3.7 «3Y 1Yot
as 9.9 Y 1.5 «3¢ lraoc?
29 16,7 ZeY FelY oEF 17 .87
30 17em Cobs he3 e ) I
31 Hal 2e9 rXa b 15.6¢
3¢ 18.3 2eb T.0 &1 14,17
33 12.5 3.1 4.l el 1¢ .60
34 20.Y r Y] Hel o713 14,47
35 1l.% e 4.0 + 3Y 15,7+
36 172.73 KXY+ .Y sl k. 16,27
37 19.3 3.0 hals o 7R 17,00
3K 20.6 3eb Gek s 95K 17.4¢
J"‘ 1“."‘ 3.0 .:O(' O‘f' ]P‘o"l
40 27.49 3.5 .0 1,49 AU B <
4] 16,0 3.6 4eb o773 20 ka
4 14,5 4o 0 bGebY lel0 cle%a
«3 21,0 3.9 53 lecs 23,1k
38

PRI O

7l
<




i
PARTICLE MASS] MASS? MASST
NUMBER (GRAMS) (GRAMS) (G AMS)
f 1 3.,2790 3,7919 64,0380
2 «243}1 03144 e3044
3 «3305 T YA 03644
4 «7037 0.,0000 «TERT
5 -1Y:7Y 3559 2993
6 « 2835 «3017 03442
\ 7 +1980 ° 2552 $2219
8 « 0553 « 0600 eOB0G
/ 9 «1137 1287 «1890
rf/ 10 «6T704 44 TQ «5257
o 11 2633 3399 03070
12 «1232 1771 0.0000
‘ 13 +3949 s I 03762
le « 4385 «6003 4910
! 15 0947 0979 «1233
lo «NT25 «061% 00746
17 e 0923 W1yl « 1631
18 02072 <3005 2321
19 02964 5067 e4109
20 «2320 e 3066 2623
21 e PU4Q Y.Y-T- b9y
22 e 4&T0 4ROG e 5437
23 YYY%§ e3612 «5HenG
24 3100 3123 . 3067
25 $ 2H6H 23094 Y19
reds) e3N22 e 3063 e A34)
27 6153 e3907 NS
et ¢ 3499 c33ld oS24
29 e 693K 0.0000 WE331
30 eh14Y «5427 JPRVES
31 e 30%4 .lﬁh?\ -2 Yake)
37 «7093 e 35672 cbBRY
33 4306 8044 0en0NO
34 o 7279 « 5439 e 40N
kL . 3965 «36 30 NIRTS
3k 4736 WS5u01 « 396,
37 PN L6917 N ARE
KYs! 1.?210 o"l‘l) 07‘4?]
349 5911 0527 92,0 s
40 146689 loeb&ed Jalun? i
e} e 7484 oFThHir e TR0
47 1,2249 1.1217 LY
43 1.3572 1.1849 JelHON
o ey - Bt onuiiiiion




t PARTICLE
i NUMHER

CENITIU & WY

! lo

K.E,
{JOULES)

110850,
8188,
11561,
19862,
7726,
T690.
S384,
16852,
3387,
11045,
6657,
32k5,
8821.
8594,
2083,
1331.
2560,
4e24,
7154,
beba,
~924,
7807,
6526,
4361,
4309,
“196,
5073,
3969,
7777,
6009,
2611,
5145,
45%a,
5185,
3734,
3733,
SKes,
<315,
416},
#7287,
3709,
“182.
4542,

TOTAL JETY
KE {JOULES)

110950,
1191348,
130699,
150860,
158286,
165976,
171360,
172912,
176299,
187345,
194002,
197266,
206108,
214702,
21678,
218117,
220677,
22823060,
237455,
23709%,
2644073,
251830,
¢5H35¢,
cE269%,
267004,
271200,
2716273,
cH0247,
7BR0Z20,
2%402%9,.
2960660,
301 7ks,
30633K,
312853,
316087,
3198¢c0.
2571,
3372030ue.
336177,
36445y,
34K167,
3%234v,
I5u292,

40

DISTANCE FROM CHARGE FASE (MM)

FLASH )

1005,
980,
S64,
930,
915,
902.
BRA,
He4,
#7176,
859,
Ral,
431,
Ale,
796,
78R,
T&ce.
77w,
Te66,
744y,
736,
715,
€89,
feC,
€Es&,
64%,
633,
tcle
60,
KRBT,
Ct6,
s¢7,.
“3k,
523,
5(00.
GER,
W75,
et 7.
wr&,
400,
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PARTICLF MOMENTUM TOTAL JET

NUMBFR (KG=M/SEC) MOMENTUM

i 1 2R.67 28,067
e 217 30,83

| 3 3,09 33,93

! 4 5.39 39.34
5 2617 4449

\ 6 218 43,67
7 lebé6 45,23

] 45 45 4h8

9 ¢ 99 4be606

41 10 3.26 69,92
' 11 2401 51493
H 12 099 ‘52.92
I 13 2,71 855,64
! 14 2.72 56,36
15 066 59,07

l6 003 564,45

17 «83 6028

t 18 1.51 6le7Y
19 2eb0 64470

20 1.57 .77
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ec 2eTn TGe9o

23 Peb( T4 3%

26 leba 74,99

25 1eb4 Tetoh

1 26 le62 THeb
27 200 HUelt

43 1.61 HleHb

2¢ 3.21 Rh,0m

30 Pe57 HTeb5

| 31 1elé RELTY
’; 32 Pe?6G 91,07
33 7.086 G3.13

34 3.009 Ghe?3

N 35 1e5# Q741
36 184 99,65

37 3.04 107469

3s 3648 106,17

39 2433 108450 o]
40 4,97 113.4m )
] 2433 11%en1
47 3.3R 116,11y

43 350 122.6%
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WITH JET TIF
AVERAGE PAKTICLE LENGTH (mm) 13.85
AVERAGE PARTICLE DIAMETER (mm) 2.86
AVERAGE CHANGE IN VELOCITY(mp/usec)s12
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