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ABSTRACT 

This study was conceded with using the Poncelet penetration equation 

to predict the instantaneous velocity of a 20imn APT (Armor Piercing Tracer), 

M95, projectile at various depths into long-grained, polished rice. The 

Poncelet predictions found have yet to be tested with a controlled firing 

program. 
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INTRODUCTION 

This report is using data from firing a 20.1^ APT (Armor Piercing 

Tracer), M95, projectile into rice done by Captain K. Shaw (ATBT) in 

September 1967. A description of the test setup is seen in Figure 1. 

The data is presented in Table 1. 

Captain Shaw fired other types of projectiles into rice, but an 

insufficient number of data points (times associated with depths in 

rice) prevented their use in plotting a Poncelet graph of velocity 

as a function of depth in rice. 
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AVERAGE VELOCITY 

An average velocity curve for the 20mm APT projectile data in Table 1 

is plotted in Figure 2. This was obtained by finding the average velocity 

from: 

(1) V * X2-XJ 
“t 

where 

t * Time for the projectile to cover a depth Xj to X2 

in rice (x2 > Xj) 

2 
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(2) 

where 

PONCELET EQUATION 

The Poncelet penetration equation used is 

F = AaV2 + AY 

.1 

(3) 

F = Force acting on the projectile as it moves through 

the rice^ lbs 

V * Instantaneous velocity of the projectile in rice, llL 
sec 

o = Constant to be determined, lbs... 
in* 

Ye Constant to be determined. lbs 
in 

Now (2) is developed by integrating force F: 

Let: 

F*AaV2 + Ay 

F = (MASS)(DEACCELERATION) = -raa 

-ma = A a V2 + A y 

3V * -A a V2 - Ajr 
3t m m 

. ay * -A (aV2* ♦ vj 
"sT m 

[_aV2 ♦ y^I 
av = -a at 

m 

b 
! 

1 See report ASD-TDR-63-887, Vol. II, Air Delivered Area Denial 
Weapons, for the Poncelet and other penetration equations. 
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with boundary conditions: 

t * o, X = o, and V = Vo (striking velocity) 

Use is made of: 

3x = 1 tan"1 x/ab~ 
a+bx2 /atr a 

where in our case: 

. a**'» b = or , X = V 

giving: 
IV It 

1 tan” W/q y I * -At 
✓5TT y ' m 

Vo lo 

1 tan” lv/õTy - 1 tan“ Wo/o"^ = -At 

a y m 

Multiplying by /q y and rearranging gives: 

(4) V 
✓q y 

tan [-/Tr At ♦ tan"1 Voi/cTy ) 
i m y I 

Since the experimental data is in x and t, (4) is changed to x 

V 3x - Y tan f-i/çTÿ At + K) 
"5T S?y 1 m / 

where 

K = tan”1 Vo^oTy 

y tan -/ay At Kl 3c 

q^r m I 

= f(t) 



« 

or 

X = T f tan í-/g y At + Kj 3t 
/ST] I in ] 

Let: 

Y = -i 

t « 

'a y At ♦ K 
m 

mY ♦ m K 
A o Y 'a Y 

3t = -m3Y 

4T'A 

o 
00 

X = -m 

/õTa A Y 

tan Y 3Y 

Using: 

gives : 

tanxdx = -log (cosx) 

X = -m 
ittta 

-4= f’1C /a Y L ("î1 “ •1 -log cos f-/ã y At 

(5) X = m log feos f-/o Y At ♦k)! 
aA L I m /J 

-m log (cosK) 
ÕÃ 

Equations (4) and (5) will be the required developed Poncelet penetration 

equations used in this report. 
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DETEKMINING THE CONSTANTS a AND y 

The value of Yin (S) was chosen to be a constant y= 1.* The 

problem reduces to finding the associated o for each associated depth and 

time from Table 1 data. Equation (5) was solved for a, given y = 1, by 
•• •• 

using a numerical secant iteration technique. The value of a for a depth 

and time was found to be single-valued, i.e., one value of <* for the given 

>*1. These values of o are presented in Table 2 for each depth and time 

‘set. 

The ideal objective would be to determine a y and a fitting all 

depth and time data sets. This was not done in this report. 

—■ I — i ■ .. 

* This choice is arbitrary. 
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FINDING THE INSTANTANEOUS VELOCITY 

With the Table 2 values of a, for 1, equation (4) was used to 

solve for the instantaneous velocity V. These values of V are shown in 

Table 2. 

The data from Table 2 is plotted on Figure 2. The Poncelet relation 

does not show a zero velocity at the maximum depth of 50 inches. This 

maximum depth reached is not a function of a constant projectile presented 

area. The projectile tumbles and its presented area changes as it reaches 

greater depths. The Poncelet relation assumes a constant presented area 

through the medium. Since this does not exist, then the calculated and 

actual max'"-urn depths will not necessarily agree. 

% 

7 



CONCLUSIONS 

The developed Poncelet penetration relations seem to present a reason¬ 

able picture of the instantaneous velocity at different depths in rice. A 

test program is needed to show how well the Poncelet relations represent 

actual data. A universal y a for the 20mm APT shot into rice could 

be found through a more extensive analysis. 
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Table 2 

De^th X. 

(inches) 

xi = 13 

x2 * 25 

x3 = 37 

X4 » 49 

Calculated a Values for y = 

and Instantaneous Velocities 

Time t¿ 
(Secs) 

453xl0“6 

1252X10"6 

7298xl0"6 

22489xl0”6 

(lbs* sec^) 
00 ïrpP 

3.6258xl0“6 

7.4982X10"6 

17.0993x10”^ 

17.7809X10-6 

Instantaneous 
Velocity 
(Ft/Sec) 

2184 

1166 

147 

48 
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