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ABSTRACT

A method for predicting the terminal velocity and
rotation rate of a barrel-tamped explosively pro-
pelled plate has been developed. The technique
utilizes the Gurney method of calculating an ex-~
plosive mass discount factor to give a very simple
set of equations for predicting the performance of
a barrel-tamped explosive charge. Calculations
are compared with results from numerous ex-
periments. Velocities are calculated within +5%
in all cases and rotation rates to within about 10%
of measured values.
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ANALYSIS OF THE MOTION OF A BARREL~TAMPED
EXPLOSIVELY PROPELLED PLATE

Introduction

Experiments employing open-ended barrel-tamped explosively propelled flyer plates are
currently being developed for 'turn around” impacts of ballistic missile warhead fuzes at impact
velocities up to 3650 m/s. Previous papersl' 2,3 have described the basic experimental concepts
and have developed an analytical approach useful in predicting the behavior of explosively accel-
erated flyer plates. This approach relies on the empirical development of an explosive mass
""discount factor' which is then used to analytically predict the behavior of similar systems.
Recently, a simple analytical model of the explosive process was developed by modifying one
initial basic assumption of the previous work. This achievement is significant in that it eliminates
the need for new empirical data in the design of different barrel-tamped systems. The method
employs the discount angle concept of Baum4 and Kennedy,5 The model allows prediction of
flyer plate terminal velocity and rotation rate within a few percent. The system performance
is calculated using only the explosive, the barrel and the flyer masses, the explosive

diameter and length, along with explosive properties of detonation velocity and Grurney6 velocity.

This paper presents the theory used in the development of the model of the open-ended
barrel-tamped explosively propelled flyer plate.
. . . 1,23
The theory has been applied to 25 tests conducted during previous development work .
The Theoretical-Experimental correlation which indicates excellent agreement between theory

and measured results is included.

Development of Theory

A simple approximate theory has been developed that can be used for predicting the terminal
velocity and rotation rate of a flyer plate that has been accelerated by an open~ended barrel-
tamped explosive charge. A requirement placed on the theory was that it be based on geometrical
quantities that may be obtained directly from physical configuration and properties of the
particular explosive used. This requirement eliminates the necessity of conducting preliminary
experiments to determine any empirical correction factor. Figure 1 shows the configuration of

the explosive assembly.
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Figure 1. Experimental Configuration

The explosive is housed in a cylindrical barrel tamper. The barrel provides lateral con-
finement to the explosive expansion process, thus containing the explosive gas pressure
behind the flyer for long enough to accelerate the plate to near terminal velocity. The cushion
attenuates the shock pressure into the flyer plate, therefore decreasing the probability of its
spallation, The flyer plate consists of an impact plate and a guard ring. The pressure exerted
across the back face of the flyer plate is not exactly uniform (lower at the edges becauge of
lateral rarefaction waves), The guard ring is included to isolate the impact plate from the edge
pressure gradient as well as to separate the plate from any interactions between the guard ring
and the barrel. The interface between the ring and the impact plate is spherical which prevents
angular moments as well as shear stresses from affecting the impact plate motion. The flyer
plate may be tapered to cause plate rotation which allows impact with the test item at a pre-

determined angular orientation.

Gurney's equations for predicting the velocity of fragments from bombs, shells, and

: grenade36 have been used extensively in the design of explosive systems, J, E, Kennedy5 re-
viewed the Gurney model and presented applications that illustrated the range of applicability
of the model, One of the concepis of the Gurney model used in the present theory is the method
of discounting the explosive mass to allow predictions of plate velocities for explbsive systems
with significant losses due to lateral rarefaction waves. Kennedy5 discusses this method and
concurs with Baum4 that "explosive material within 30° of the normal at an edge of the charge
cannot contribute to metal accelere.tion."4 Figure 2 shows how the discount angle process works

for a lossy system, The discount angle was estimated by Baum by assuming that the explosive



that has experienced an "'average or characteristic rarefaction wave' by the time the explosive
was completel& detonated, could not contribute to driving the flyer plate mass. Baum4 estimates
that the magnitude of the "average rarefaction wave' velocity, radially inward (for explosives
with ¥ = 3), is approximately one~half of the detonation velocity (D), which leads to a discount
angle of 26.56° (tan "9;%) Kennedy indicates that for solid secondary explosives, a discount
angle of 30° agrees well with experimental results. This author alsc has verified a 30° discount
angle. If the explosive length (£} is less than the charge diameter divided by the tangent of the
discount angle, then a truncated cone of half angle 30° and height (1) is the effective mass used

for driving the explosive (see Figure 2),

Explosive Masgs = C

Explosive Mass to
be Discountgd = CD

A B / \
| D
Discount L 30° /

Angle /

Y’ \

Effective Explosive
Mass = C-CD = Ceff

Flyer Plate Mass = M

Figure 2, Mass Discount Method for Lossy Configurations

it is here assumed that the discount angle for a barrel~tamped system is controlled by the
velocity of the characteristic rarefaction wave moving toward the axis of the explosive, The
velocity of the characteristic wave is controlled by the escape velocity of the detonation products
from the lateral surface of the explosive. The detonation products escape velocity is assumed to
have a maximum value equal to the barrel terminal velocity. The barrel terminal velocity from
a cylindrical explosive with a lateral barrel tamper (Figure 1) can be calculated using the Gurney

relation shown in Equation 1.

Vp . 1 1
\2E (—lg + 0.5 172
V.. = barrel terminal velocity

T

V2E = Gurney velocity of the explosive

N/C = ratio of the barrel mass to total explosive mass.
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The lateral velocity of gas from an unconfined explosive charge can be found by setting

N = 0 in equation 1 giving V_=\Z V2R,

For simplicity, the discount angle for a barrel-tamped system is chosen to be linearly re-
lated to the ratio of barrel terminal velocity to the unconfined gas velocity, The discount angle

{9) for the barrel-tamped system is then calculated, using Equation 2.

v
= 200 ¥ . 300 1 (2)
8 =30 e 30 _.__N_____ﬂ_z.
) [o] \] 2 E + 0.5)

Tigure 3 shows the physical inferpretation of this process (VF Flyer Plate Velocity).
Equation 2 defines an angle 6 that fits at the two limits, one at N = 6 (9= 30°) and one at N = o,

a rigid wall, where 8 = 0°, As seen in later sections, this linear assumption does fit the experi~-

mental data.

o b
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Figure 3. Discount Angle for Barrel Tamped Charges

The discount angle of Equation 2 can be used to determine the effective mass (ceff) of
explosive for driving the flyer plate. The effective mass is calculated as described for the
unconfined explosive system in previous paragraphs. The effective mass is assumed to act
in a one~dimensional manner and, therefore, can be used directly in the one-dimensional gas

. dynamics solution to move a piston with detonation loading,7 Fquation 3 shows the relation

for the final velocity of the piston.

32 C
_ 8 Z -1 _ eff\1/2 {3)
VF =D .),2 ) <—-——-—Z T ) where Z —(1 + 5T )

D = Detonation velocity

i

M = Mass of the flyer plate

Ceff = Effective explosive mass



In Kennedy's paper5 the gas dynamic solution (y = 3) was compared o the Gurney solution
with very good results. The author chose v = 3 based on Kennedy's work and upon calculated

average values of y from the JWL Equation of State8 (see Appendix A).

One limit that comes from the discount angle concept is that if the length of the explosive
charge is greater than a critical length £ (the radius divided by the tangent of the discount angle),
then the effective explosive mass is that of a cone with base equal to the charge radius and length

equal & No additional velocity is achieved by adding explosive beyond length 4

Equations 2 and 3 can be used to predict the velocity (VF) of a flyer plate from an explosive
assembly like that in Figure 1. The values for N (mass of the barrel tamper) and C (total mass
of the explosive) are used to calculate 8 (Eq. 2). The values of explosive diameter and length
are used with 8 to calculate the mass of the truncated cone (Ce ). The explosive detonation

£f

and y to calculate the flyer terminal velocity

velocity (D) and flyer mass (M) are used with Ceff

using Eq. 3.

In some cases, it is desired to cause the flyer plate to rotate slowly so that oblique impacts
with targets may be obtained, The flyer plate thickness is varied linearly across a diameter
and since, for a constant quantity of explosive, the local flyer plate velocity is inversely pro-
portional to thickness, then a velocity gradient is developed across the tapered plate. A method
of designing a flyer plate taper was derived using the effective explosive mass (Ceff) from the
results of Equation 2. The velocity gradient across the plate can be determined from the desired
plate rotation rate, The absolute velocities at the edges of the plate can be calculated by adding
the velocity at the center to the velocity differential between the center and edge of the plate,
Equation 3 is used to determine the local mass of the flyer plate that will give the desired velocity
at that location. The thickness of the flyer can then be determined by knowing the mass density
of the flyer material. In the reverse manner, if the flyer plate taper is known, then the expected

rotation rate for a given explosive system can be calculated.

A computer program has been written which incorporates the concepts of this method and
allows calculation of terminal velocities and rotation rates for a barrel-tamped explosive system.

The listing of the program is shown in Appendix B.

Theoretical-Experimental Correlation
Data from experimental work of Mathews and Dugginl’ 2,3,9 were available to the author
and were used for comparison to this theory. The experiments consisted of detonating the test
configuration shown in Figure 1 and measuring the flyer plate velocity and rotation rate, A
flash x-ray system was used to obtain a multiple shadowgraph of the flyer plate at known times
after the explosive initiation. Compensation for the effects of air drag on the plate and parallax

1,2,3
associated with the x-ray system were made *

The results of the experiments were taken

directly from Mathews' and Duggins' data with no additional adjustments being made.

11
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Table I shows the results of 16 nonrotating tests with the tamper mags/explosive mags ratio
(%I- } varying from 0.06 to 4.4 and with the explosive mass/flyer mass ratio (C/M) ranging from
2.99 to 20.14. The values of calculated final velocity (using the method of this report) were within

+5% of the measured velocity,

Even for charges of length greater than 4, the charge radius/tan 6 (§ = discount angle), the
agreement is excellent (the apex of the cone of the discount volume is within the explosive).
Possible errors in experimental technique are of the same magnitude as the theoretical-experi-

mental variance observed from the data.

Table II shows results on rotating systems. The agreement between the measured and
calculated rotation rate magnitude is good, but not quite as good as the velocity calculations.
Experiments are currently being designed fo further investigate the rotation process which will

hopefully give better agreement between the theory and experiment.

The theory was checked against three experiments using a mixture of PBX-9404 and
Composition C-4 at a ratio of 8:2, The explosive was adjusted analytically to the PBX~8404 ex-
plosive by replacing the Composition C~4 volume by an energy equivalent of PBX-9404

VETE:-(C-él)

=V
PBX=9404 (C-4)m'—— .
2EPBX=9404

v

All three tests were designed for flyer rotation. The results are shown in Table IIl. The agree-
ment in velocity is excellent and the agreement in rotation rate is acceptable. In every case, the

measured value of rotation rate is less than the calculated values.
Summary ahd Conclusion

A theory for predicting the velocity and rotation rate of a barrel-tamped explosively driven
flyerplate has been developed, A scheme for determining the mass of the explosive that is effective
in driving the plate by digcounting a quantity of explosive based on the amount of tamping present
has been devigsed. The technique predicts terminal velocity of a barrel-tamped flyer plate to within
5% and rotation rates that are about 10% higher than measured. Experimentation is continuing to

. further investigate the rotation process. The theory has also been used to predict with equally

good results the performance of charge with multiple explosives.
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TABLE I

Theory vs Experiment Correlation, Nonrotating Flyer Plates

Velocity
Test 1 Diz(;rl;izii EZ;;’?I? M?::é‘jegg Calculated W_ZMeasured
Numbe? Cc/M N/C (in.) (in.) {fps) {fps) Calculated Comments
10 4.478 1.67 2 3 7335 7506 .98
20 6.076 1.75 2 1.5 10480 10875 .96
21 8.110 1.77 2 2 11493 11533 1.00
22 11.99 1.78 2 3 12440 11974 1.04
23 20.14 1.76 2 5 130912 13265 .992 g%“%:&‘;‘:’gi;es .
25 3.34 .06 2 1.5 6313 6139 1.03
26 4.438 .06 2 2 6852° 6554 1.052 g%“ﬁ,:&i‘:‘gif‘z o,
3 4.458 4.40 2 3 8758 8821 .99
5 6.698 4,40 2 3 10568 10643 .99
6 12.116 4.40 2 3 13579 13299 1.02
19 5.368 4.40 2 1.5 10889 10951 .99
1 2.980 4.40 2 2 7577 7919 .96
B 7.137 4.40 2 5 8954 9158 .98
11 4.53 .84 2 3 6850 6689 1.02 g%“%:liﬁe“glgg i
24 5.986 .88 2 1.5 10217 10225 1.00
15 6.240 .84 2 5 8290 8014 1.03 Cone apex inside

HE Volume @ 2.9 in,

1See Figure 1 for description of terms.

2F1yer broken allowing venting and therefore lower terminal velocity.
NOTES:

1. All explosive is composition C-4, 2E = 2750 m/s, detonation velocity = 8040 m/s.

2. All charges initiated by a single detonator placed on the axis of the charge opposite the flyer.
3. The mass of the cushion material is included in the flyer mass to determine M.

4, Reference 9.
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TABLE II

Theory vs Experiment Correlation, Large Systems Rotating and Nonrotating Configurations

Velocity :
Charge Charge Average Measured Rotation Rate
Test Diameter Length Measured Calculated ST Measured Calculated
No. C/M N/C (in.) (in.) - Afps) {fps) Calculated {rad/s) {rad/s) Comments
1-22  8.08  2.72 16.06 30.66 9880 9929 T .99 570 600 Good resolution on
: rotation data
1-28 8.24 2.68 16.06 31.33 9900 9898 1.00 636 800
1-13 4,998 2,71 16.06 30.09 ' 7600 7896 .96 L] 0
1-29  8.06  2.72 16.06 30.66 9978 9929 1.00 616 600 Good resolution on
rotation data
1-21 8.05 2.69 16.06 31.00 897086 9858 .98 - -
Poor resclution on

1-26 5.15 2.70 16.06 31.04 7707 7896 .98 316 400 X
, © rotation data

NOTES:

1. All explosive is composition C«4q, VZE = 2750 m/s, detonation velocity = 8040 m/s.

2., Reference 9.
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TABLE III

Theory vs Experiment Correlation, Large Systems Multiple Explosive

Charge Charge Velocity (fps) Voleasured
Test Diameter Length Average ) 7R Rotation Rate (rad/sec)
Number C/M N/C (in.) {in.) Measured Calculated Calculated Measured Calculated
29 9.478 2.10 16.375 29.36 11710 11595 1,01 680 750
32 9.85 2.09 16.375 29.46 11750 11752 1.00 ~173 200
33 9.478 2.10 16.375 29.36 11570 11595 1.00 692 750
NOTE:

1. Reference 9.






APPENDIX A

Determination of vy from the JWL, Equation of State

The value of the explosive used for v in the barrel-tamped, flyer-plate system is important

since the final plate velocity (VF) is nearly linearly dependent on its value (see Equation A~1),

C_..\1/2
(1 , 32 eff) o1

Vp =D/ ? 2 CM 1732
vo o= 1| [y, 32 et +1 (A-1)
57 M

where

D = Detonation velocity of the explosive
Ceff = Effective explosive mass

M = Flyer plate mass

Through calculations preformed as prescribed by Baum4 and Gurney6 it has been found that
for this system 90% of the final flyer-plate velocity is attained after the explosive has expanded
to 2.36 times its initial volume (95% at 3.15 times the initial volume). These values of percent
of final flyer velocity vs expansion ratio are not affected by the quantity of tamping because of

the nature of the explosive mass discount process,

The average value of y for use in Equation A-1 is determined by using the JWL equation-of-

state for various explosive product gases.

p=ae BV 415 BV L E (A-2)
(w=-1)
v
where
P = Pressure
V = Instantaneous volume
Vo = Initial volume
vV o= \—TIV0 = Specific volume

A, B, C, R, R2 = Empirically determined/constantslo

v at any expansion V can be determined using Equation A-8 leading to a plot of yvs V,

_ V3P
Y- “?‘(S"“)S (A-3)

17
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Figure A-1 shows the plots of Yve V for the explosive Composition C-4 and PBX-0404.
The average value of y over a given expansion is determined from the data of the y va V plots

by using the averaging Equation A-4.

v
fl ydv “ (hod)

v
f 1 dv
The results show that the average ¥y for Composition C~4 for V = 2,36 (90% of final velocity)

is 2.94 and for V = 3,15 (95% of final velocity) iz 2.91. For PBX-940‘4, the average y for V = 2,36
is 2.96 and for V = 3,15'ig 3.12. These values justify the use of ¥ = 3 for the process involved in

Y average =

the barrel tamped explosive system for propelling flyer plates to high velocities.

Expansion Region
of Interest
N Y ave = 2,94 for V = 2,36
F-\ Y ave = 2,91 for V = 3,15
T \
Y Y
A = 86,0977
2 | B = .1205
C = .01043
R1 = 4.5
R2 = 1.'4
w .
L = .25
| ]
W 2 3
(a) Composition C=4 v
V 8 zmom
v
- °
Expansion Region
of Interest Y ave = 2.96 for V = 2.36
3 / y ave = 3.12 for V = 3.15
Y A = 8,545
B = ,20493
24 C = ,00754
Rl = 4.6
R, = 1.35
W= .25
i
-
} |
2 3
(b) PBX~9404 v
Vv :‘J—

Figure A-1. y vs V Plot for Explosives of Interest



APPENDIX B

Program Listing for Tektronics 4051

A program has been written which allows the design of a barrel-tamped explosively pro-
pelled flyer-plate system. The program is written in basic computer language for the Tektronix

4051 Desktop Computer.

The explosive, Composition C-4 or PBX 9404, may be chosen, The values of C/M, N/C,
explosive diameter, and explosive length are inputs (C = explosive mass, M = flyer-plate mass,
and N = tamper mass adjacent to the explosive). The effective C/M, discount factor, discount

angle, and final flyer velocity are output.

A subroutine calculates the flyer plate thickness at the thick and thin edges with inputs of
desired rotation rate and thickness at the center of the flyer. Another routine produces a dis~
placement vs time plot and listing of the tamper material as it expands during the acceleration
phase of the flyer, A third routine produces a similar displacement vs time plot and listing for
the flyer plate. This third routine can be used to determine the length of the barrel (in front of
the flyer plate) required to obtain a given efficiency of the system. The listing of the program is

included.

19
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180
110
128
138
{46
158
168
178
179
17¢
ige
158
195
208
201
282
264
206
218
215
228
225
238
240
242
245
258
260
360
318
328
338
3468
345

358
332
354
356
360
376
388
398
408
410
428
425
426
438
448
458
468
478
489
498
491
492
493
494
560
518
328
338
548

INIT

Q=8 :

SET DEGREES

PRINT "JJIF H.E. TO BE USED IS C-4 ENTER 8,IF PBX 9404 ENTER 1"
INPUT At

IF Al=1 THEN 196

R2=2750

R3=8848

B1=1{.59

B5=3

GO TO 282

R2=2966

BS=3

A3=8880

Bi=1.84

IF Q=1 THEH 210

PRINT "UELOCITY MUST BE CALCULATED THEW AN OFTION TO CALCULATE
PRINT “ROTATION RATE WILL BE GIVENJJ"

IF 0=8 THEW 250

PRINT " J*

PRINT "TO CALCULATE FLYER WELOCITY ENTER @,ROTATION RATE ENTER
PRINT "TAMPER MOTION ENTER 2,FLYER MOTION ENTER 3"

IHPUT A4

IF A4=1 THEN 51e@

IF A4=2 THEN 80689

IF A4=3 THEN 1268

PRINT ™ ENTER C-M AND N~C"

INPUT R1,R2

R3=A2/(R2+8.5)10.5

A4=ATN(SAR(3)>Xp2/Q3)

R4=A4/(SAR(2>X(R2+8.5)18.5)

PRINT "ENTER CHARGE DIQHETER, AND CHARGE LENGTH BOTH IN CH®
ey o

PAGE

PRINT "JCALCULARTIONS ARE HRDE USING *

PRINT " SQR(2%E)= ®"j;A2;"* M/S

PRINT " DETONATION UELOCITY = "JA3;" MsS)°

IF CXTAN(R45<Bs2 THEN 3886

GO TO 493

AS=(B/2)424B/2%X(B/2-CXTANCR4) >+ (B/2-CATANCRA) )42
A6=CEX4XAS/(B12%3%C)

A7=R1XkAé

R8=(1432%A7/27310.5
A9=A3XSER(B/(B3t2~1))%(AB-1)/(AB+]1)

PRINT “C/H="jR{

PRINT "H-sC="jR2

PRINT 'EFFECTIUE C-M= "1A7

PRINT "DISCOUNT FQCTOR‘ "iRE

PRINT “DISCOUNT ANGLE= *iR4

PRINT "FINAL FLYER UELOCIT‘ "1A9%35.36/125" FPS"
Q=1

GO TO 282

PRINT "JGGCONE APEY INSIDE H.E.JJ"
B2=P1%B12XCxB1-4

B3=Bz2-kl

A7=B1EPI¥B13/(3%8F¥BIXTANIRS)

A6=A7/R1

GO TO 416

PRINT "ROTATION RATE CALCULATIONS®

PRINT *JENTER M AT THE FLYER CENTER sAND ROTQTION RATE"
INPUT Ji,J2

J3=Bs2¥J2-/108

1'



958 J4=a%-J3
568 J5=A9+J3
578 Jé=J1

980 J7=R1XJ6%A6
998 J6=J6+1.8E-3
668 J8=J7/J6

610 J9=(1+32%J8,/27>18.3

628 KB=A3%(J9-1)/(J9+1)

638 IF K8<J4 THEN 635

632 GO TO 558

635 PRINT "M THICK= "jJ6

636 J6=J1

648 J6=J6-1.8E-3

638 J8=J7-J6

668 J9=(1+32%J8,271%8.5

678 KB8=A3%(J9-1),(J3+1)

688 IF K8=>J5 THEN 798

698 GO 7O 648

788 PRINT "M THIN= ";J6

718 PRINT "N MIDDLE= "3J!

728 PRINT “"ROTATION RATE= ";J2

738 GO TO 282

748 END

886 PRINT "RATIO OF R BURST TO RO{NUMBER>13"

818 INPUT K

8208 BE=R312%B1/(R1X(2/(BS-1)-C1 K1 (2¥BS-2:%(2/(BS-1)~4-(2%B5~13)))
830 Be=B6¥16080

848 PRINT "INITIAL PPESSUPE— "iBEX1.BE~93" KBARS"
858 COPY

868 PAGE

876 UIEWPORT 106,1206,18,108

886 WINDOW 1,2,-580,12080

898 AXIS @8.1,10068

891 MOVE 1.681,-458

892 PRINT "1 R BURST/R ZERO 2"
893 MOUE 1.082,11808

894 PRINT "120680 FPS”

895 MOVE 1.85, 10868

896 PRINT "TANMPER VELOCITY VUS. R RATIO®

988 HMOUE 8,8 ,

918 FOR M=1 TO K STEP 8.81

328 B8=SQR(2/(BS-1>¢B6XR1/B1R(1~-(1/H)1(2%B5-2)))
938 DRAN M,B8-/(2,34%12)

348 NEXT M

9356 MOVE 1.3,11508

968 PRINT "U BURST/U FINAL"j; (R3%39.36-12/(B8/(2,54%12)))>1~1
961 HOVE 1.3,10308

962 PRINT "V BURST=";B8,(2.54%12>5* VU FINAL=";R3%39.36-12
965 COPY

1818 PAGE

1812 UIEWPORT 16,120,10,1068

1814 U3=0

18135 Hi1=8

{816 U4=8

1828 HWINDOW 8,B-(1%1¥R3%180),~-8,084%3%B/1,1,2%B~{
1830 ARIS 1.BE-6,1

1848 MOUE 8,-8.837%1.2¥B-1

1856 PRINT "8 TIMECUS/DIU. “iB-C(1%¥R3%100)
1868 MOUE 5.8E-7,0.95%1.2%B~1

1878 PRINT " ®"51.2%B-13" Cu»

1871 MOVE S.8E-7,0.8%1.2%R1

1872 PRINT "TAMPER DISPLACEMENT US., TIME®

1875 HMOVE 8,0

21
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U=SOR(2/(BS~1)XB6YR1/BI1¥(1-C1/1)T(2%B3~2)2)
FOR M=1.61 TO K STEP 8.01
B8=SQR(2/(BS-1)XB6ER1/B1X(1~-C1/M)1(2%B5-2)))
Ui=8.01%B-2

U2=U1%2,(U+B8>

U3=y3+y2

Ud=U4+y1

IF Hi=1 THEN 1173

DRAKW U3, U4

U=88

HEXT H

COPY

RGE
IF ¥1=1 THEN 282

PRINT *TAMPER TIME®,*DISPLACEMENT (CM)>"

U3=0

U4=9

GO TO ij@sge

PRINT U3,VU4

GO TO 1146

GO T0 282

PAGE

?Rgg; EENTER EXPANSION STEP FOR CALCULATIONS
N

PRINT 'ENTER TIHE FOR PLOT"
INPUT C :
CB~PI¥B?9tCXBlf(4XR13
C4=A7%C3

C5=C4-(24¢2/A7)
C6=4%CS/(PI¥B12%¥B1)

Cv=0

€8=C3

PAGE

UIEWPORT 18,128,186, 100
WINDOW 8,C2,-8,85%A3%1080%C2,A9%10806%C2-2
AX1S C2-18,1

FOR M=C6+4C9 TO 2xC& STEP (3

C?=C?7+1/(1~-(C6/M>1(BS5~1))18.5%C9/(R9%100)
DRAKW C7,L8

C8=C8+(9

HEXT M

MOVUE 8.81%C2,-8. 851ﬂ9*189*02/2

PRINT "8 TIME (SEC>

MOVE 8.81%C2,8.95%A9%1868%(2/2

PRINT * '3Q9X188162/23' Cnu*®
HMOVE ©.1%C2,08.83%A9%180%C2-2
PRINT "FLYER VS. TIME"

COPY

PAGE

C?7=0

C8=C3

(CHM>*

PRINT *TIME","DISPL", 'UEngITY' s "VEL/VEL FINAL"

PRINT * SEC*," CH","

FOR H=C6+C9 TO 3¥C6 STEP (9
C7=CP+1/(1-(C6/M)T(B5-1)118,5%C9/(A9%108)
D3=(1-(C6-M)+(BS~-1))18.5
D6=D35%A9%39.36-12

PRINT C7,C8,D6,D5

C8=C8+L9

NEXT M

GO TO 282

END
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