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Abstract

This software is used to predict depth of penetration and time histories of depth, velocity,

and acceleration of ogive-nose projectiles into various target materials. The predictions

use projectile and target properties as inputs to the program. The program is based on

analytical lzenetration models developed by Forrestal and co-workers using spherical

cavity expansion approximations. The program has a graphical user interface which

requires minimal time to learn and allows for simplicity while entering data.
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Introduction

This program was developed to provide a computer based framework for analytical models developed

" by Forrestal and co-workers [1-2] to predict depth of penetration and temporal quantities for rigid, non-

deforming ogive-nose projectiles penetrating into a wide variety of targets. CATNIP provides results for

' penetration into semi-infinite targets, but does not provide for perforation events. The program has a

graphical user interface to facilitate operation so that people unfamiliar with the analytical models can

use the code with a minimum of training. CATNIP runs on Apple Macintosh computers using the

Hypercard program. The Hypercard program is included with the system software on all Macintosh

computers. A familiarity with the Macintosh use of Fointing and clicking with the mouse is assumed for

the use of this program.

Executing the CATNIP software

First install the Hypercard program onto the Macintosh's hard drive according to the instructions

supplied with the software. Next install the CATNIP program onto the hard drive by dragging the

CATNIP program icon from the floppy disk to the hard disk. The CATNIP program can be started in

two ways: first, by double-clicking on the CATNIP icon on the hard disk; or second, start the Hypercard

program by double-clicking on the Hypercard icon, choose Open from the File menu, click on the

CATNIP name in the scroll box, and finally clicking the open button.

Capabilities and use of CATNIP

CATNIP uses a 'graphical penetration equation' shown in Figure 1. This equation states that the

projectile parameters plus the target properties combine to give the necessary quantities for deep

Penetration Response. Once the projectile and target parameters are input, the operator of CATNIP

moves to the Penetration Response part of the program that calculates the depth and time of penetration

as a function of striking velocity. Each of the three parts of the CATNIP penetration equation is a button.

° Clicking each specific button allows you to access each specific part of CATNIP.



PROJECTILEPARAMETERS.

Clicking the PROJECTILE PARAMETERS button moves you to the PROJECTILE

PARAMETERS screen (Figure 2). The input parameters for tile projectile are: nose shape or

caliber-radius-head (CRH), mass (kg),and shank diameter (m). t

nose shape: Figure 2 shows a schematic diagram of four ditTerent nose shapes or caliber-

radius heads of the projectile. The caliber-radius-head _ is defined by _ = R/d where R

is the ogive radius and d is the shaqk diameter. A nose shape is selected by placing the

pointer over the desired icon and clicking the button. The nose shape is highlighted

during this procedure to show thai it has been selected. An option for variable caliber-

radius-head is used by clicking on the ( D-itR!R_iI[-jcRHII butlon. Type the desired caliber-

radius-head. NOTE: Ihis type of inpul box only requires that the desired number be input

(no units), but hitting the return key is not required -- this convention will be followed

throughout the CATNIP software program.

mass: The mass of the projectile is input by placil_g the cursor over the _ mass-i button and

clicking once. Type the mass in kilograms (kg) in the box with the flashing vertical bar

CI.II'SOl'.

diameter: The shank diameter of the projectile is input by placing; the cursor over the

{ajame!__f_ button and clicking once. Type the diameter iil meters (m) in the box with the

flashing vertical bar.

verify: Clicking the u_e_r!tu___lbutton displays the inputs and verifies that they are correct

before continuation of the program. In addition to seeing the inputs, the nose shape

coefficient N(tl/) = 24 _2/(8tl/- 1) is evaluated and displayed.

When the inputs on this screen are completed and the {Ueri!fi,-/)button has been clicked, click on

the ,_ button to move back to the main CATNIP penetration equation screen.

TARGET MATERIALS.

Clicking the TARGET button moves you to the TARGET MATERIAI_,S screen (Figure 3). This

screen shows a list of the current target materials availabl,:. Placing the pointer on the desired

target material title and clicking will take you to that mate_'ials parameter input screen. Currently



there are three target materials available. One for concrete and two for soil. The soils are divided

into two locking solid models, one for Tresca [1] and the other for Mohr-Coulomb [1] yield

criteria.
ii

CONCRETE.
o

The concrete material model used here is given by [2]. The model is based upon an en-lpirical fit

of concrete penetration data covering a wide variety of projectile masses and target strengths.

The parameters for this model are: unconfined .... s" • f'comprcs, lve strength c, empirical parameter S,

and density [3. The Concrete target screen is shown in Figure 4.

unconfined compressive strength f'c: The unconfined compressive strength of the

concrete is input by placing the cursor over the {!_'tillbutton and clicking once. Type the

appropriate unconi'ined compressive strength in Pascals (Pa) in the box wilh the flashing

vertical bar.

S parameter: The empirical parameter S (no units) is input by placing the cursor over the

!-S_i_-_parame_Le(_}button and clicking once. This button responds differently than the other

buttons. When you click the button, CATNIP automatically calculates S according to the

empirical model and puts it in the correct place. The calcualted S paramter can be input

manually by double-clicking in the S parameter value box and then typing the desired

value for S.

density " The density 9 of the concrete is inpqt by placing the cursor over the f-dendfu_

button and clicking once. Type the density in kilograms per cubic meter (kg/m 3) in the

box with the flashing vertical bar.

model reference: Clicking the Model Reference button gives a reference for more detailed

explanation the material model.

When the inputs on this screen are completed, click on the =_a'button to move back to the main

" CATNIP penetration equation screen.



SOIL:Trescayieldcriterion.

The soil material models used here are given by [1]. The soil target screen that uses the Tresca

yield criterion is shown in Figure 5. The parameters for this model are: 'locked' value of

volumetric strain TI*, shear strength a:o, Young's modulus E, and density p.
0

volumetric strain 1"1":The locked volumetric strain value for the soil is input by placing

the cursor over the icon of r I* on the p- r I graph and clicking once. Type the locked value

of volumetric strain (no units) in the box with the flashing vertical bar.

shear strength: The shear strength "Coof the soil is input by placing the cursor over the

icon of "Coon the 1:o-p graph and clicking once. Type the shear strength in Pascals (Pa) in

the box with the flashing vertical bar.

Young's modulus: The Young's modulus E of the soil is input by placing the cursor over

the (-voung's moaulus I button and clicking once. Type the Young's nlodulus in Pascals

(Pa) in the box with the flashing vertical bar.

density: The density 9 of the soil is input by placing the cursor over the [-ai_nii-i_ butten

and clicking once. Type the density in kilograms per cubic meter (kg/m 3) in the box with

the flashing vertical bar.

modelreference:Clicking the Model Reference button gives a reference for more detailed

explanation the material model.

When the inputs on this screen are completed, click on the _-_button to move back to the main

CATNIP penetration equation screen.

SOIL:Mohr-Coulombyieldcriterion.

The soil target screen that uses the Mohr-Coulomb yield criterion is shown in Figure 6. The ,

parameters for this model are" 'locked' value of volumetric strain q*, pressure dependent shear

strength defined by 1:oand _, Young's modulus E, and density 19.The additional parameter _ ,

describes the slope of the a:-p curve. All of the inputs act identically to those described in the

Soil" Tresca yield criterion section and the input of the pressure dependent parameter )_ is

described below.



pressuredependentparameter:The pressuredependentparameter_,of the soil is input by

placing the cursor over the icon ;_on the x-p graph and clicking once. Type the locked

' value of volumetric strain (no units) in the box with the flashing vertical bar.

' When the inputs on this screen are completed, click on the ._ button to move back to the main

CATNIP penetration equation screen.

PENETRATION RESPONSE.

Clicking the PENETRATION RESPONSE button moves you to the penetration response screen

(Figure 7). This is the section of the program where predictions of penetration depth as a function

of striking velocity and coefficient of sliding friction are made This screen has two inputs:

striking velocity and coefficient of sliding friction. The outputs or results are the time and depth

of penetration. In addition there are a buttons to generate history plots of the temporal quantities.

striking velocity: The striking velocity is input by placing tile cursor over the

{-_si_-_i(__]_gtG-i_-Eii:-O.i_lTi_-)button and clicking once. Type the striking velocity in meters per

second (m/s) in the box with the flashing vertical bar.

friction: The coefficient of sliding friction is input by placing the cursor over the

FRICTION button and clicking once. Type the coefficient of sliding friction (no units) in

the box with the flashing vertical bar.

penetration response: Clicking the {,.P_ENE_T_H_ATION.R_tS_P_0NS_t_ button gives the results of the

CATNIP program for the specific penetration event. The results are total time of

penetration in ms (the time elapsed from striking the target until the proiectile comes to

rest), the depth of penetration in m (the depth from striking the target surface to the nose

of the proiectile), and the maximum deceleration in g's and the time at maximum
deceleration.

deceleration history plot: Clicking the ( 0ECELERATt0Nxlsmnv PLOT)button moves to the

, deceleration plot screen (Figure 8). A deceleration-time plot for the current penetration

event is displayed A button labeled PRINT GRAPH is included on this card. Ciicking this

button will print the graph on the current printer. Click on the _ button to move back to

the PENETRATIONRESPONSEscreen.



velocity history plot: Clicking the i uEt0crrv HisTtihqlPt0fi! button moves to tile velocity

plot screen (Figure 9). A velocity-time plot for the current penetration event is displayed. Ii

A button labeled PRINT GRAPH is included oi1 this card. Clicking this button will print

the graph on the current printer. Click on the u,-, button to move back to the 0

PENETRATIONRESPONSE screen.

displacement history plot: Clicking the (o!_P_it_t_]E_(NIIHi!s_0-Rvi-P!:70il}button moves to the

displacement plot screen (Figure 10). A displacelnent-time plot fl)r the current penetration

event is displayed. A button labeled PRINT GRAPH is included on this card. Clicking

this button will print the graph on the current printer. Click Oil the _', button to move back

to the PENETRATIONRESPONSE screen.

When finished with this screen, click on the u_', button to move back to the n_ain CATNIP

penetration equation screen. Note that at any time it is possible to return to any screen, change

parameters, and return to the PENETRATION RESPONSE screen for further penetration response

calculations.

Summary

This document comprises a users nlanual ['or CATNIP: A Computer Analysis tool for Normal Impact

Penetration. The features of the program are documented, but the reader is referred to the cited

references for in-depth investigation of the penetration and material models.
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Figure 2. Projectile parameters input screen.
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Figure 4. Concrete target material parameters input screen.
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Figure 5. Soil target input screen using the Tresca yield criterion.
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Figure 6. Soil target input screen using the Mohr-Coulomb yield criterion.
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Figure 7. Penetration response screen.
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Figure 9. Velocity history plot screen.
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