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I. INT RODUCTION

A general empirical expression for the motion of a projectile of
mass m and velocity V obeying a seciond order drag law has been pro-
posed that has the form 1

F = m ~~ = _ A t V 2 _ B1V - C’ . (1)

The coefficients A’ , B ’ , and C’ are quantities that can be either
evaluated experimentally from penetration-time data or calculated
using basic quantities . The terms on the right side of Eq. 1 can be
considered to be the forces contributing to three components of energy
deposition. These three components or modes of energy deposition are :
(1) the acceleration of target material adjacent to the projectile,
(2) the effect of frictional forces, and (3) the cohesive strength of
the target material respectively. A comprehensive bibliography of
earlier work using versions of Eq. 1 where one or two of the coef-
fi cients were set to zero is given by Goldsmith2 on p.298 .

Dienes and Welch 3 define the coeffi cients in terms of basic
physical quantities. Their definitions are:

A’ = 1~ PCDr2 (lA)

B’ = 6ii r~ (lB)

C’ = irr~o (1C)

where p is the target density and -it r2 is the frontal area of the
projectile. The quantity CD is the drag coefficient, ~ is the
dynami c viscosity, and a is the normal stress.

The rate of work by the projectile as it penetrates the target
is equal to its rate of loss of kinetic energy and is given by

F • dS = d(~- mV
2) (2A)

1. W. A. Allen, E.B. !.kzyfi e ld, and H.L. !t ’rrieon, “D ynamics of a Pr ojec-
ti le Pene trating Sand1 ” Jo urna l of App lied Physics, 28, 195?.

2. Weiner Goldsmith, “Impact ,” Ecb.~ard Arnold (P ublishers) td , London,
Eng land, 1960 .

J.  K. Diene~ and J .  E. Welch, “Parame ter Stwiy of Rigid Body Pene-
tration,” Syateme, Science and Sof b~are Report No. SSS-R-?5-2521,
1974.
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This leads in the limit to

F m V~~~~ _ AtV2 _ BIV _ C1 • (2B)

Eqs. 1 and 2B are solved for an impacting velocity V0 at time zero
to obtain analytical relations for the velocity and penetration as
functions of time. The solutions are discussed in the next section .

A computer code NEWT was written, using the BASIC programming
language, to calculate the penetration and velocity values for a
given impacting velocity and a given set of coefficients at times
subsequent to impact. The energy ‘deposited (both total and the
components contributed by each force component) along the projectile
trajectory are also calculated.

A listing of the code is given in Appendix B and a description
of the code that includes a flow chart is given in Section IV. A
description of the code input, to be supplied by the user, is given
in Section V. Sample problems that demonstrate the differing effect
of each coefficient on the projectile penetration are discussed in
Appendix A.

The code has been run successfully on the WANG 2200 calculator.
Results and identifying captions are printed by the calculator-
controlled typewriter. Approximately 5000 words of memory are
needed to execute the program.

II. CALCULATIONAL PROCEDURE

Equation 1 may be expressed in integral form as

J dV______ (3)

V0 0

where V0 and V are the velocities at time zero and T respectively.
The constant m has been absorbed into the coefficients yielding the
unprimed set . The integrals can be solved in closed form where the
solution to the leftmost integral may assume one of the three forms
dependent upon the value of the discriminator Ri where

Ri = B2 - 4AC . (4)

6
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The th ree forms are :

1. R l > O , V 
-

1 2 A V + B - R  ~T =  
~~

Ln 2 A V + B + R  (SA)
V

2. R l < O , 
-l V

T =  2 tan 2 A V + B  0
R R (SB

V

3. R l z O , v
T -2 o 

SC- 2 A V + B
V

The quantity R is the positive real value of

R =  /~1~T . (6)

Eq. 2B in integral form can be expressed as

I
V

V
O

AV2 +
V~~ 

+ ~~ 
= - j d s  = S . (7)

The solution to this integral is

S = ~~~ £n (AV2 + BV + C) 

~
:°- J° dv 

+ c . (8)

It should be noted that the rightmost integral has the same form as
that derived in Eq. 3. This permits Eq. 8 to be expressed as

S =  
~~~~

Zn ( A V2+ BV +C )L_
~~~

. (9)

or 
f A V 2 + B V  + C  1

~~~~~~~~~~~~~~~~~~~ 
. (10)

Returning to Eq. 3, its solution for positive values of Ri is ~1given by

7 -:
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1 2 A V + B _ R V0T= 
~~~~ 2 A V+B .R  (11)

V

which expands to

T = 
~~ 

~~~~~~~ ~~~: ~ 

+ 
- 

(12A)

where 
G - 

2AV0 + ~ + R 
12B2AV0 + B - R  ~

The term G will always be positive. The velocity is given
explicitly by

_ R + B + G e ’~
T( R_ B )

2A(Ge — 1)

That relation, as expected, will give a value of V0 to the I:
velocity when T is zero .

The solution to Eq. 3 for negative values of Ri is given by
V

2 tan~~~2 A V + B  
°

ft - 

(14)
V

which expands to

T = ~~(
tan 1 2AV0 + B 

- tan ’ 2AV + E) 
. (15)

The velocity is given explicitly by

2AV + B
v = ~~ [

tan (tan~~ ~~ - ~~1) - 

~~

.] . (16)

The solution to Eq. 3 for a zero value of Ri is given by

-2 V0
2AV + B (17)

V

which expands to

T = 2 
[2Av~+ B 

- 2AV0 + B] (18)

The velocity is given explicitly by

4AV0 - BT(2AV0 + B)

2A[2 + T(2AV0 + B)] (19)

8 
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The preceding solutions are valid only for positive , non-zero values
of the coefficient A. The integral in Eq. 3 was solved for zero values
of A and positive, non-zero values of B yielding

V = 
~~ [e

_BT(BV0 + C) - c] . (20)

Similarly, Eq. 8 was solved for the penetration yielding

= . [v~ - ~ + 
C B V + C  

} (21)

None of the preceding solutions are valid if both A and B are
zero . For this case the solution to Eq. 3 was found to be

V = V 0~- CT . (22)

The solution for the pe~etration was

s = .~~.\{V0
2 - V2] . (23)

III. CODE DESCRIPTION

The code NEWT was designed so that it would check the input
values of A, B, and C, evaluate the discriminator if necessary,
choose the proper set of equations to use, and calculate the pene-
tration, velocity, and energy deposition rates at the chosen times.
The input and the calculated results are then printed in tabular
form along with their captions.

A flow chart of NEWT is displayed in Figure 1. The important
variables and arrays are listed and briefly described in Table I.

:~~~

9



___________________________________ 
~~~~~~~~~~~~~ ~~~~~~~~~~~ 

L Read Input Data j

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

I

-

-

~ 
Determine Calculation Mode I

A:O, B>O,C�O A 0 ,B 0 ,C’OCalculation Mode

Calculate Velocity j A ’O, B�OI C~O J Calculate Velocity

[Calculate Discr1minator]

H~Colculate Penetrotioni [Calculate P.netration}

R1<O Second Order R1>O

IColculale Velocityl Equations jCalculate Veloci~~J

LColculate Ve locity~
Icalcutote Penetrationi (Calculate Penetrationj

Calculate Penetration ]
Yes

[Calculate Energy

~~isposition Rates

[Print Results J

Figure 1. NEWT Flow Chart
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Table I. Variables and Arrays

Vari able Description

A3 The coefficient A in Equation 1

B3 The coefficient B in Equation 1

C3 The coefficient C in Equation 1
A A = A3 M/ 0 .5nR2
B B = B3 M/61TR
C C C3 M/nR2

R Eff ective impacting radius of
Projectile

M Mass of Projectile
V Initial Velo city of Projectile
Q7 Cal culation m ode flag

Q7 = 001, A = B = 0 , C > 0

Q7=0l0 , t & = C = 0, B > 0

Q7 011, A = C = 0 , C > 0

Q 7 =  100 , A > O , B = C = O
Q7 = 101, A > 0 , B = 0 , C > 0
Q 7 = 111, A > O , B > O , C > 0

Fl Calculation discriminator
F l = l , B2 - 4 A C > O
Fl = 2 , B 2 -4AC < 0

• F 1 = 3 , B2 -4AC= 0

Nl Number of times
T Times

T1(50) Times array

V Velocity

• Vl (50) Velocity array

S Penetration

Sl(50) Penetration array

Rl Ri = i/±(B2 - 4AC)

11
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IV. INPUT

The user-supplied input needed to execute the program is listed
in Table II. It is listed in the order by which it is requested by
NEWT . CGS units should be used to conform to captions but they could
be easily changed to conform to another system. It should be noted
that the programming variables A, B, and C are not the coefficients
A, B , and C. The coeffi cients A, B, and C cor -espond to the programming l 

-

variables A3, B3, and C3.

Table II. Code-Generated Queries

Instruction Description

1. Title = Problem Title

2. A = A = PCD (Eq. IA)
3. B = B = n (Eq . lB)
4. C = C = a (Eq. lC)
5. Radius = Frontal Area = wr 2

6. Mass = Mass = (gm)
7 . Initial Velocity = V0 = (cin/sec)
8. No Times = No of times for which kinetic

quantities are to be calculated
9. 1 for Read-in Times = F2 = 0 Calculates times

10. Times Interval = Time Interval (calculated times only)
11. Next Time = Next Time (Read-in Times only)

- 
V. ~~~NCLUSION S

This study, and the building of the Computer Code, were conducted
at the Target Assessments Branch (TAB), Vulnerability/Lethality
Division(VLD), Ballistic Research Laboratories (BRL) as part of an
on-going effort to calculate the penetration of human tissue by bullets
or fragments and to derive the resulting incapacitation probabilities.
However , the code is not restricted to a tissue media, but can be used
to calculate the penetration of any media that is described by a second
order drag law. A magnetic tape copy of the code can be obtained by
sending a blank computer tape cassette to the TAB.

12
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Earlier work by Bruchey ~~, in performing least square determination
of drag coefficients for handgun bullets penetrating tissue simulant,
has provided a validation of the model for non-zero values of the A-~and C-coefficients and a zero value of the B-coefficients. It would
therefore be expected that a better fit of experimental data to the
model, as well as a better description of the energy deposition modes
in the medium, could be obtained by optimizing all three coefficients
instead of only the A-coefficients as was done in the preceding work.
A computer code for providing this least squares fit of experimentally-
determined penetration-time data to the model by optimizing all three
coefficients is being developed by the TAB. ~

The degree of human incapacitation (however this term is ultimately
quanti zed and defined) will prob ably be the sum of the products formed
by the volume of a particular tissue destroyed and its vulnerability
index. The volume of tissue destroyed is approximated by the volume
of the maximum temporary wound cavity (TWC) . A future effort will  be
made to construct a wound cavity model that used the energy deposition
rates to predict the size of the TWC. It is expected that the forth-
coming study and the resulting Computer Code will provide a rapid and
inexpensive means of calculating the volume of that cavity.

4 Willicun J . Bruchey, Jr. ‘!Effective Drag Coefficients for  Var ’ioue Small
Arms ProjectileB in Dense Media,” BRL Memorandum Report 2481,, ?4zy 1975.
(AD #BOO4 1S4L)

~Wiiliam B. Beverly,, “LSP: A Leas t Square Pr ogroin for  Calcu lating The
Reeietive Force Coeffici ents of a Projec~~Ze Subject to a Second Order

- - Drag Loi~,” to be pub liehed as a BRL Report.
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APPENDIX A

SAMPLE PROBLEMS

Sample values A, B , and C were chosen so that the three componentsof the opposing force would be equal at the impacting velocity of 30,000cm/sec. This choice of input values permits an easy analysis of thekinematic resul ts for demonstrating the differin g effects of the threeforce components. The penetration and velocity versus time are listedin Table A-I, the partial differential (in space) energy losses are
listed in Table A-Il, and the partial cumulative energy losses are
listed in Table A-Ill.

Three more calculations were conducted in which A , B, and C inturn were assigned a non-zero value (that used in the first problem)while the remaining two coefficients were set to zero. The penetration
and velocity versus time values calculated for these problems arelisted in Tables A-IV - A-VI. The penetration and velocity versus timefor all test problems are displayed in Fi gure A-i.

I i
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Table A-I . Kinematic Results (A>0, B>0 , C>O)

TEST PP~0BLEII 1
MASS— 8.000E+flfl RADIT’S— (.000E—fl1 IHIT VJ~L— 3.OflflF+~V
A— 1.200F.+flfl !~— j ,BOOE+fl3 c— 5..fl9F+q)r~
A3= ~L482E—O2 T~3— 2.544E+Oi C3— 7.f~33E+fl 7

KINE~tttTIC RE SPLTS
TI~tE(SEC) P1~N(cH) VEL (C?1/SEc) DEL E/ T) EL S

O.000flE+OO O. OOfV)E+OO 3.000flE+04 2.2~)fl1E+O9 
— — —

1., OflO’)E—05 2.88fl3E—O 1 2.7 793F~+0/! 2.125CE+~r
2.~) Of lO r —~5 5.3(Y~3E—O1 2. 5741E+04 i.9~r)5E+(V’
3. 0000E—fl5 8.0412E—fl1 2.~ 827F+~)4 1.fl 512E+O!’
4.0000E—t)5 l.O333J~+O() 2 .2fl34E+~4 1.71’°E ’Oi
! . OO~VW—05 1.2451E+Of) 2. rV~51E+O4 1.( ’25E+O ’
t~• nr)nor—o5 1.4406E+O0 1.~ 766E+O4 1. 51~(E+~Y
7. ’)0flfl” -~ 5 1.(~2fl~3E+OO 1.7269E+r ~41.78( 3E+flfl 1.5351E+04
0.00flfl!~~~t~5 1.9~~ OF+OO 1.45O6!~+r)4 1.I11OE4.(V’

~•(~flfl()~_fl4 2.O767r+Ofl 1.’~22’E+O4 1.24MF-~-fl’i1.1000E—f) 4 2.2028I’+O~) 1.20(~ F1-fl1~ 1.1!”12E+(Y’
1.2000E—0 4 2. 1170F,+flfl 1.rW4~3E÷r’4
1.300fl t—04 7.419~E~-Ofl ~) .7287E~O3 i.~~ 12J~+flr
l .4OOflr— ”~4 2.5117r+00 ~~~~~~~~~ 1.12473E÷r
1.5000F_ t”4 2.5932F.+fl’) 7.~~2~E+’)3 1.~~7’E~-fl~1.6000T~—~4 2.6(.45E+Ofl 6. (’446E+’~3 ¶~.( 9 ~1E+O7
1.7flOOE—fl 4 2.72(2E+fl O 5. r,92f lE + 03 ~.157”E~-O7
1.~3OOOE—fl4, ‘.7785E+(V’~ 4.772~T+O’~ ~.~413E+O71.900flr’—04 2.~ 217r+f ’n ~.‘~ 2~r+o3 - ~.74~7r+O72.00(1flE—04 2.856 ”r+Ofl ‘~LO2 16E+~3 fl. /~ fl1E+O7
2.10flC~F—(’4 2.88 22r-I-Oo 2. !M62E+~)3 R .2~f!f~E+fl 7
2.2(’)OOE—04 2.90(Y) E + ’V) 7.~~~f E+”~7

5.8577L’+02 7. 7r 57F ~ 17

- 
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Table A-tI. Differential Energy Deposition (A,.0, B~O, C>O)

DIFPERENTIAL ENERGY LOSS(ERCS/CM)
TDIE(SEC) A3*SJ*V B ’*V

0 0”)0~E+’V) 
— 

7 6140F+o; 
— — 

;.6340;+o1 
— 

7.~ 3,~;FJ.Oj 1.0000F—05 6.5524E+07 7.0726E+07 7.~~ 37P+O7
2.OflOOE—05 5.6207E+07 6.5505E+07 7.6337E+07

~.0O00E—fl5 4.8157E+07 6.0633E+07 7.6337E+07
4.0000E—O5 4.1184E+07 5.6071E+07 7.6~~7E+O7
5.0000E—05 3.5131E+07 5.1788E+O7 7.~c337E~’07
6.0000E—05 2.9871E+07 4.7753E+07 7.t~337E+O7
7.0000E—fl5 2.5296E+07 4.3944E+07 7.63~T7E+O7
8.OOOOE—~5 2.1314E+07 4.0338E+07 7.6337E+07
9.’)(~OflE—fl5 1.7851E+07 3.6915E+07 7.6337E+07
1.OflOOE—(~4 l.4841E+07 3.3660E+07 7.6337E+07
1.10fl0E—~4 1.2231E+07 3.0557E+07 7.6337E+07

1.20W)E—04 9.9737E+O6 2.7593E+07 7.~3i7E+O7
1.3OfV)E—04 8.0283E+06 2.4756E+07 7.6337E+07
1.4000E—fl4 6.3610E+06 2.2036E+07 7.61~7F+O7
1.500~)E—O4 4.9418E+06 1.9423E+O7 7,(’337E+07
1.GOflflE—fl4 3.7450E+06 1.69rRE+07 7.r,337E+07
1.7000E—04 2.7482E+06 1.4484E+07 7.6337E+07
1.8000r.—04 1.9318F+06 1.2144E+07 7.6337E+O7
1.9000E—04 1.2789E+06 9.8809E+06 

- 

7.6337E+07
2.f’)000E—fl4 7.7447E+05 7.6891E+06 7.6337E+fl7
2~~ )flfl1’_r~4 4.0544E+fl5 5.5634E+06 7.~ 337E+07
2.2fl4V~E_r 4 1.6034E+05 3.4987E+06 7.6337E+07
2. 3rf l 0t—-D 4 2.9105E+04 1.4906E+06 7.6337E+07
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Table A-Ill. Cumulative Energy Deposition (k0 , B>O , C>O)

CUMULATIVE ENERGY LOSS (ERGS)
TIME(SEC) INT(A3*V*V)DS fllT(w3*V)DS I1rr(C~5)Ds

fl .0000E+Ofl fl .0000E+0fl 0.0000E+flfl O.0000E+Ofl
1.OflOOE—0 5 1.6390E+08 1.6991E+O8 1.763°E+OR
. .0OC’flE—O5 2.9418E+OB 3.1570E+O8 3.3978E+Ofl
‘3.OflO’W—05 3.9760E+OR 4.4070E+08 4. Q10flE+O~4.0OflOE—05 4.7951E+fl8 5.4770E+08 6.~ 1fl ~E+G~5.0000E—05 5.4418E+08 6.3910E+08 7.6043E+08
6.0000E—05 5.9502E+0R 7.1695E+08 ~5.79i3E+0R
7.0000E—05 6.3476E+08 7.8301E+O8 9.R9~2E+O8
8.OflOOE—0 5 6.6562E+fl8 8.3882E+OS 1.09fl°E+09
9.O00~)E—fl5 6.8940E+O0 8.8571E+O8 1.1835E+0 9
1.000(W.—04 17.0752E+08 9.2484E+08 1.26C2E+0 9
1.lflOOt—fl4 7.2118E+O8 9.5724E+08 1.3452E+09
1.2000E—fl4 7.3133E+08 9.R381E+O8 1.4150E+09
1.3000E—04 7.3873E+O~3 1.0053E+09 1.4778E+09
i.4000F.—fl4 7.4402E+08 1.0225E+09 1.5339E+0 9
1.5OO~E—O4 7.4770E+08 1.0360E+09 1.5836E+0 9
1.6000E—fl4 7,5018E+O8 1.0464E+09 1.6272E+09
1.7()O~)E—O4 7.5178E+OR 1.0541E+09 1.6~49E+OQ
1.8OflOE—04 7.5276E+OR 1.0597E+fl ~) 1’.6968E+09
1.9000E—04 7.5332E+08 1.0635E+09 1.7232E+0 9
2.0000E—04 7.5360E+O8 1.0659E+09 1.7443E+O~2.1000E—04 7.5372E+O8 1.0673E+09 1.7602E+0 9
2.2000E—(’4 7.5376E+O8 1.0679E+09 1.7710E+~~2.3flOflE—04 7.5377E+08 1.0681E+09 1.7770E+O Q

a
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Table A-IV. Kinematic Results (A>0, B=0, C—0)

TEST PROBLEM 2
MASS— 8,000E+OO RADIUS— 6.000E—O1 WIT VEL— 3.’)O~)E+O4

A— 1.200E+OO B— 0.000E+0() C— 0.(~O0E+Or~
A3— 8.482E—02 B3— O.000E+flO C3—

KINEMATIC R1~5ULTSTIME (SEC) PrN(cu) V!~L(cM/SEC) fll!L E/mr.L s

O.0OO0E+(~() O.0000E+OO 3.0000E+04 7.6’340E+07
1.0000E—05 ~.9624E—O1 2.9255E+04 7.25~~E+O7
2.0000E—05 5.R523E—O1. 2.8547E+04 6.9125E+07
3.OO~)flE—~5 ~‘.673OE—O1 2.7872E+04 6.5895E+07
4.000flE—05 1.1427E+O0 2.7228E+04 6..’.~R6E+O7
5.0000E—05 1.4119E+OO 2.6613E+04 6.flfl79E44~7
6.0O00E—~5 1.6751E+(V) 2.6026E+04 5.7456E+07
7 .0000E—05 1. 9325E+O0 2.5464E+04 5. 50~)1E+O7
~.0flO0E—fl5 2.1845E+OO 2.4925E+04 5.26Q~E4O7
..0000E—05 2.4311E+Ofl 2.44O~E+C4 5.flS4flE+07
1.000’)E—04 2.6727E+O0 2.3914E+04 4.8510E+07
1.1000E—fl4 2.9095E+0O 2.3439E+04 4.6600E+07
1.2000E—04 3.1416E+OO 2.2982E+04 4.4801E+07
1.3flOOE—04 3.3692E+OO 2.2542E+04 4.3104E+07
1.4000E—04 3.5!~25E+OO 2.2119E+04 4.1502E+07
1.SOOflE—04 3.8llfE+OO 2.1712E+04 3.99fl7E+fl7
1.6000E—04 4.0268E+flO 2.1319E+04 3.8554E+()7

4.2381E+OO 2.0940E+04 3.71Q(E+07
1.$000E—04 4.4456E+OO 2.0575E+04 3. 59fl9E+07
1.9O~OE—O4 4.6496r.+On 2.0222E+04 3.6(~flRE4-r7
‘.0000E—04 4.8501E+flO 1.9881E+04 3.3528E+07
2.1000E—04 5.0473E+OO 1.9551E+ 04 3.2425E+O7
2.200flE—04 5.2412E+Ofl 1.9232E+04 3.137(,E+07
2.30OOE—~4 5.4320E+flfl 1.8924E+04 3.(~377E+fl7
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Table A-V. Kinematic Results (B>0 , A—C~O)

TEST PROflLE!4 3
MASS— R.000E+O0 RADIUS— 6.000E—fll WIT VEL” 3.’!Y~flE+O4
A— 0.000E+OO B- 1.800E+0 3 C— 0.~OOE+Ofl
Al— 0.0008+00 83— 2.544E+03 Cl— 0.000E+0()

KINEMATIC RESULTS
TP~E(SEC) PEII (cU) VEL(CMISEC) Dli 8/DEL S

0.00008+00 O.0000E+0O 3.00008+04 7.6340E+07
1.0000E—05 2.9621E—01 2.9246E+04 7.44228 ’4) 7
2.0000E—05 5.C498E—O1 2.8511E+04 7.2552E+07
3.00008—05 8.66508—01 2.7795E+04 7.07298+07
4.0000E—f)5 1.14098+00 2.7O%E+04 6.89528+07
5.00008—05 1.40848+00 2.6415E+04 6.7220E+07
(i.0000E—05 1.6693E+O() 2.57528+04 6.5531E+07
7.00008—05 1.92358+00 2.5105E+04 6.M~84E+O7
3.()000E—05 2.17148+00 2.44748+04 6.2279E+07
9.0000E—d’)S .41318+00 2.38598+04 6.07148+07
1.0000E—04 2.6487E+O() 2.32598+04 5,~1~9E+07
1.10008—04 2.8783E+0l~ 2.2675E+04 5.7701E+07
1.20008—04 3.10228+00 2.2105E+04 ~.6252E+O7
1.30008—04 3.32058+00 2.15508+04 5.48388+07
1.40008—04 3.53318+00 2.lOOflE+04 - 5.34608+07
1.S000E—04 3.7407E+0O 2.04808+04 5.2117E+07
1.60008—04 3.9429E+OO 1.99668+04 5.0808E+07
1.7000E—04. 4.14018+00 1.94648+04 4.fl531E+07
1.3000E—fl4 4.33238+00 1.89758+04 4.82868+07
1.90008—04 4.51968+00 1.8498E+04 4.70738+07
2.00008—04 4. 7023E+O0 1.80348+04 4.58908+07
2.10008—04 4.8804E+0O 1.7580E+04 4.47378+07
2.2000E—04 5.05398+00 1.71398+04 4. 36138+07
2.30008—04 5.22328+00 1.67088+06 4.2518E+07
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- Table A-VI . Kinematic Results (C>O , A=B=0) -

TEST PROBLEM 4 - 
-

MASS— 8.0008+00 RAr~IT1S~ 6 • ‘~fl06—fl1 WIT VEL— .. ~008+04
A— fl.000E+tY’ i~= 0.0008+00 C— 5.199E+0~
Al— 0.0008+00 ill- 0.0008+00 C1 7.6.138+07

KINE -IATIC RESULTS
TLTE(SEC) PEN(C!) “EL(r2 -t/ SE C)  !~~L F/DEL S

0.00008+00 0.00008+00 1.00008+1)4 7. ‘~1~7E+07
1.00008—05 2.96138—01 2.92368+06 7.~~”~ 7E~-07
2.00008—05 5.34738—fl]. 2.84738+04 7.6~’’7E+O7
1.00008—05 t~.6564E—01 ‘.7709E+0/~ 7.63178+07
4.0001)8—05 1.13898+00 2.6!~46E+04 7.6117r~fl7
5.f l00 0E—05 1.40458+1)0 2.61~)38+14 7.61378+07
.)000E—05 1.66258+00 2.541°8+04 7. 63378+07
7.00008—1)5 1.91298+00 2.46568+04 7.63378+07
8.00008—05 2.15578+00 2.3892E+04 7.63378+07
.0000E—05 2.39088+00 2.1129E+04 7.6317r+07
1.0000F—”4 2.61838+01) 2.21668+04 7.6”7E+07
1.10008—04 2.83818+01) 2.16028+04 7.f~~l7E+37
1.20008—04 3.05018+00 2.0839E+04 7.61178+07
1.30008—04 1.25498+1)0 2.00768+06 7. (1378+07
1.4Ofl0E—~6 3.45188+1)0 1.93128+04 7.6:n78+07
1. 5000E—fl4 1. (411E+00 1 • 856fl8+04 7. 63378+07
1.60008—04 1.82238+0’) 1.77358+04 7. r~337~’4.fl7
1.70008—14 3.9969r.÷00 1.70228+04 7.6337F.~’97
1.8000E—04 4.1631r.+O0 1.62598+06 

- 
7.63178+07

1.90008—04 4.32218+00 1.54958+04 7. 1378+07
2.00008—04 4.47328+00 1.47328+04 7.63378+07
2.l009E—04 4.61678+00 1.19698+04 7.63178+07
2.20008—1)4 4.7526r+flfl 1.17.1)58+04 7.63178+07
2.30008—04 4.38088+00 1.24428+04 7.61378+07

23

_ _ _ _ _ _ _ _ _ _ _ _  - -
- .- -:‘-T~~~ ’ - .5.



6 
®F:~ AV2~ BV~C

F:-BV

(~)F:-AV
2 

/
/

~~~F:O

0~ I I I I I -1 -—0 .03 .06 .09 .12 .15 .16
TIME ( MILLISECONDS) - ‘

Figure A-i. Results of Test Problems
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APPE NDIX B

NEWT PROGRAI-1 LIST ING

1REtI UEWT3
2REM F=_A*V*V_B*V_C
31UP1!T “TITLEd ,Z2$,Z3$,Z4$ ,Z5$
4SELECT LIST 211
5SELECT PIUTIT 211
GSELECT R
100111 11(50) ,V1 (50) ,S1 (so)
1~IflPUT °A= ”,A
?OII-IPIJT “f3&’,B
251HP11T “C=”,C
lOIT-IPUT “RADILJS=”,R
1
~iINP1’T ~t1ASS=M,M

4OINPUT “INITIAL VELOCITY=”,VO
45IHPUT “NO. TIMES=” ,N1
5OIHPIIT “1 FOR READ—IN TIfIES”,F2
551F F2=OTI-IEU 75
LOFOR I=1TO Ni
6~iI1lPLJT “NEXT TIIIE=”,Tl (I)
7OIIEXT I

•
1 ThA3=#PI*0.5*R*R*A/M

80E~3 6.0*,~PI*R*B/M

[ 

05C3=#PI*R*R*C/i1
9011 F6]OTIIEII 125
951=0.1)
100IUPEIT “TIME IIffERVAL= ” ,Zl
1OSFOR 1=110 Ml
11OT 1(I)=T
11 5T=T+Z1
1 2ONEXT I
1251F A]OTIIEN 134
127IF B]OTIIEN 130
128f~7=fl0 1: GOlD 220
1301F C]OTHEU 132
13i(~7=01U: c1OTO 220 -‘ -~

132Q7 011: 6010 220 4
1341F fl]OTHEN 138
1351F C]OThEN 137
136(~7 1O0: 6010 154 r
137Q7 101: (‘iOTO 154
l38IF C]0THEN 140 d ”— ’~’

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

- -.~~~~~ -~~-- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~_ - .~~~~~~~~~~~~~~~~~ _~~~~~~~~~~~~~~~~~~~~~ -_



- .
~__ ~~~~~~~~~~~~ -“~~~ ‘ - r  - •1~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

139Q7—1 10: 6010 154
140Q7—1 11
‘I 54REM CALCULATE l~*B_4*A*C FLAG
1 55F1=B3*C3_4.0*A3*C3
l(~OIF F1[0.OTUETI 1751651F F1]O.OTHEII 180
170F1=3:GOTO 220
175F 1=2:GOTO 220
I t ,rar l  —% uur I—
220RC!1 PIUI!T IMPUT Af1~) CAPTIOUS222PRIrIT Z2)Z3$,7.4$,Z5$
?~3Z?S=”r1ASS=”
‘~ 4Z3~=”fl!UI US =”
225Z4”=”IIIIT VEL=”
226PRIIITUSIUG 227,Z2Q,ii,Z3~,R,Z4$,V0
~~~~~~~~~~~~~~~~~~~~~~~~ 

~~~~~~~~~~~~ 
l i l t  , #f ’I~ f1.bI ~ i~’l~I l i i  i~

z ! 4 S 7~r~tI~ UI 4.IIj ’I l i i i

229Z3$= “[ ~=“

23~74S= C=”
231P1~I~ITUSIMG 227,Z2.~,A,Z3$,B,Z4~,C232Z2..= “A 3=”
233Z3S= ”F~1=”
?34Z4S= “C 3 ”
415PRIT1T1JSI~IG ~~~~~~~~~~~~~~~~~~~~24560St~ ‘01
246PRIflT “KIME?IATIC RESULTS”
?SOZ1 ~= “TIME ( sF c) ”~ Z~~=”PEr.(Cfl)” ?3.~=”VFL(Ci1/SFC)”251Z4:= ”E)EL E/OEL S”
‘~55PRIU T [J5IUG 260 ,Z1$, Z2$, Z3$, Z4$
2~~~f l i~ 4Yi### ~I,i2~j I~~ I ‘3!~ J7I !  /‘~#
2t 5G0St IE~ ‘01270F(JR 1=110 lii
2Th1F Q7]IThET I 295
2606OS(1L~ ‘11(11(I ))
2C5GOSIJC ‘21
2906010 340
29511 Q7] 11TIIEU 315
IOOGOSLIB ‘13(11(I))
3t)&GOStJE3 ‘23
3106010 340
liSlE q7]11ITIIETI 335
I2000SU[) ‘ lG(Tl(I))
325GOStJR ‘26 - 

-

3306010 340 - -

335A9=2:GOTO 113f)
l4orIEXT I ‘

342IF T1(1)]0.OTIIEN 345
343S1(1)=0.()
345F0fl 1=110 10 -~~~

3461F V1(I)EOTUEII 352

28
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35OPRINTIISING 355,T1(I),Si(I),Vi(I),A3*V1(I) 12+B3*Vi(I)+C3
35IGOTO 360
352PRINT “NEGATIVE VELOCITY”
353N1”I—l
354G0T0 365
355%#.#### I I t  I 1~.H##II ft #.###~ I I I I  # .##ø# i U t
36OIIEXT I
365GOSUB ‘01
367F0R 1=110 5
368PRINT 

-.

369NEXT I -

37OGOSIJB ‘01
371 Z2$=”A3*V*VI’: Z3$a”B3*V”: Z4$~~C3”372PRIrrr “DIFFERENTIAL ENERGY LOSS(ERGS/CM)”
373PRIIITUSITIG 374,Z1$,Z2$ ,Z3$,Z4$
374%#########
375GOSUB ‘01
376F0R I—iTO 111
378PRIUTUSIUG 355,T1(I),A3*V1(I)*V1(I),B3*V1(I),C3
3BOIIEXT I
I82GOSUB ‘01
384F0R 1=110 5
386PR 1 UT
388UEXT I
3O9GOSUR ‘01
I9OPRI11T “CUMULATIVE ENERGY LOSS(ERGS)”
391 Z2$ ”IIIT(A3*V*V)DS”
392Z~$ ”  ITfljB3*V)DSI’
393Z4$ ” IrIT( C3) os”
39GPRIUTU SIN G 398 Z1$,Z2$ ,Z3$,Z4$
398%######### ############# ~######### # #########
39960S11B ‘01 -

40026— 11(1)
402Z7=0.5*A3*(VO!2+V1 (1) !2)*S1 (1 )*tt
404Z8~0.5*fl3*(V0+Vi ( 1) )*s1 (1 )*M
406Z9=C3*Sl(i)~l11
400PRINTUSING 355,Z6,Z7,Z3,Z9
41OFOR I=2T0 141
412Z 6=T 1(I)
414Z7=Z7+0.5*A3*(Vl(I_1)I2+V1(I)I2)*(Si(Ii_S1(I_1))1~N
4i6Z8=Z~1+0.5*83*(Vi(I_1)+V1(I))*(S1(I)_S1~ I_1))~tt
413Z9.Z9+C3*(Sl(I)_S1(I_1))*M

- 42OPRIIITLJSING 355,ZG,Z7,Z8,Z9
42211EXT I
424GOSUI~ 10143OEND
51000EFFII’ll(T)
S1O2RE1I CALCULATES VELOCITY Q7—001
5lO5V~V0_C3*T

-~~ 5110V1 (I )=V
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51 1 SRETURII -

53000EFFH’ 13(1)
5302RB1 CAI.CULATES VELOCITY Q7—011
5305V_83*T:V.EXP(_V)
5310V=V*(B3*VO+C3) -

5315V=(V—C3)/U3
5320V1(I)=V
5325RETURII
5600DEFFH’ 16(1)
SGO2RET 1 CALCULATES VELOCITY Q7=111
56051F F1]1TIIEI4 5645
~607RE1I LOG FORT-I
561OR1=t~3!2_4.0*A3*C3:R1=SQR(R1)
5615F3=2.O*A3*V0+B3+Ri
562013=F3/(F3_2.O*R1)
5&25V=EXP(R1*T): V=V*F3*(R1_R3)
56 30 V=V+fl 3+~5~35 ~!=V/(2.Q*(3*(F3*EXp (R1*T)_1.fl))
564060T0 5694
56451F F1]’~TJEU SGCO56i7fl1:I TRIG ror~’i
~G5(fl~1=(,.0*A3*C3_G3!2: I’l=SQP.(Rl)

f l *J~
)*v ).f ~ 1: V V/F1

~G6OV=1.~ .CTI 1~ (V): ‘1=11—Ri *1/’) 1)
‘W~65V=Tf.~(V) —nI/ni5670 V=fl. 3~~1 *V/A35675’~0T0 5694
Lit~i~)IF F1]3TUEU 5692
56~~~~1 PLGEBRAIC FORfl
5t,85V=2*1~3*v3÷r 3
Li687V 2*A3*( 2+T*V)
st;90v=( ~*f~3* -fl3*T*( ~*1~3*VO+[~~) )/V3692A~~ ~~~~ LA OC
5694V 1 (I )=v
96;W.TIJR~

~10fl c)i FrII’21
~1J2~E~: CALCULATES PEIW.TRATIO!! (‘!7=001
G105S=VC)*V0_V*V
ul I OS O.5*S/C1
6115S1(I)=S
t1
(i3~).;~uFFU’23• t 302R1.- 4 CALCULATES PEMETRIJIOI-J Q7—011
C3O5S=~3*VO+C3
31JS (C3*V+C3)/S:S=LOG(S)
631 55=C3*S/B1
6320S= (Vo-V+s )/i~
ti325S1 (1)—S
I3ORETURfl
6600DEFFU’26

30
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6602REt-1 CALCULATES PENETRATION Q7~111.6625Z1 =A3*V*V+E 3*V+C3
6630Z1=(A3*V0*VO+83*VO+C3)/Zi
6635Z1—LOG(Z1
6637 S_D3*T1 (I
664OS~O.5*(Zi_S)/A3
6740 S1(I)—S
6745RETURTI
7000DEFFH’ 01
7002REII PRINTS DASHED LINE
7005Z9$=” “
7O1OPRITff Z9$,Z9$,Z9$,Z9$
701 5 RETUR N

— t
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