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PREFACE
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SECTION |
INTRODUCTION

This report‘provides user instructions for the 1991 version of the EPIC Research code.
This code has capabilities for 1D, 2D, and 3D geometries; and is intended to be used
primarily for high velocity impact and explosive detonation computations.

Some of the earlier versions of the EPIC-2 and EPIC-3 codes are documented in
References 1-6. Additional references to various material models and computational
algorithms are provided throughout the report.

N528448(1) 1




SECTION i
USER INSTRUCTIONS

This section provides user instructions for the EPIC Research code, which consists of a
Preprocessor, Main Routine, and Postprocessor for state and time plots. The formulation
is not provided here; however, most of the basic equations are identical to those of the
earlier versions (References 1-4). Additional references are included throughout the
remainder of this report. |

A description of input data for the EPIC code is given in Figures 1 through 24. In
Figures 1 through 8, the page numbers of the descriptions in the text are included for each
card.

In some instances instructions are given for features which are not yet available. It is
anticipated that these features will be available in future versions of EPIC.

NS2844841) 2




PREP DESCRIPTION CARD (215, A70) PREP (1 OF 2)

[Tvee JcasE | PREP DESCRIPTION ~ 1-P.34

PREP MISCELLANEQUS CARD (815, 5X, IS, 2, 31, A5)

[Geom [ PrNT] save [ nsuo] nwas T nesT] naic [ e\ vone [ TTTT seum T ops Tunm [N\ - P. 34
S~

MATERIAL DATA CARDS — DESCRIPTION FOLLOWS PCASE —4  L— xR, IY.1Z (RIGID SURFACES)

l BLANK CARD 1 ? ENDS MATERIAL DATA

PROJECTILE SCALE/SHIFT/ROTATE CARD (7F10.0, 2F5.0)
[ wRSCME | YSCME |  2SCALE | WRSHFT | 2SHFT | ROTAIE | stanT_ [xmo | & |.P.37

NODE DATA CARDS FOR PROUECTILE - DESCRIPTION FOLLOWS

{3t ANK CARD 2 ENDS PROJECTILE NODE DATA

TAIGE | SCALE/SHIFTAOTATE CARD (7F 10.0, 2F 5.0)
[wnscate | vsCALE |  ZSCALE |  XRSHIFT [ 2zsmtr ] Rrotaie ] stant  [xro [ 20 ].P.38

NODE DATA CARDS FOR TARGET ~ DESCRIPTION FOLLOWS

BLANK CARD 3 ENDS TARGET NODE DATA

ELEMENT DATA CARDS FOR PROJECTILE - DESCRIPTION FOLLOWS

ENDS PROUECTKE ELEMENT DATA

ELEMENT DATA CARDS FOR TARGET ~ DESCRIPTION FOLLOWS

BLANK CARD 5 ENDS TARGET ELEMENT DATA

SLIDING INTERFACE DATA CARDS FOR NSLID > 0 - DESCRIPTION FOLLOWS

NMAS CONCENTRATED MASS CARDS (15, 5X, F10.0)

I NN TSI NN N NN N N N N N N N RN NN e

HESTRAINED NODES IDENTIFICATION CARDS - AS REQUIRED (215. 2X, 31)

I RS N NN NN N N N N N N N N O R A

R, IY.T 12
INDIVIDUAL RE STRAINED NODES CARDS - FOR NFG = 0 (1645)
(e T T T T T [ owp [ [ T [ [ [ P39

Nt G GROUPED RE STRAINED NODE S CARDS (315) -

(e e e IR RO Y- P 40

RIGID BODY IDENTIFICATION CARDS - AS REQUIRED (215)

INDIVIDUAL RIGID BODY NODES CARDS - FOR NRG - 0 {1615)

(T [ T T T T T~ [ [ [ 1 [ [ P40

NRG GROUPED RIGID BODY NODE S CARDS (315)

G AT AT ANAARTEERRE TR R RN R RN N 2

* INDICATES RE QUINE D CARDS

Figure 1. Preprocessor Input Data

528448} 3



PREP (20F 2)
NCHNK CHUNK ELEMENT CARDS (215)

I I ANAARRARRRE TR R RN NN RN NN NN NN NN NN NN NN A

AUTOMATIC REZONE REGION DEFINITION CARDS FOR NZONE >0 - DESCRIPTION FOLLOWS

DETONATION CARD (4F 10.0)

(L wmroer [ voer | z0eT |  TBURN  NNNNNNNONONMNONOSIONNNINONMNINOOWNOWDNOODNNWNWNNY] - P41

NITIAL VELOCITY CARD (7F 10.0, 15)
{  PwRDOT | PYIDOT | PZDOV ] mmoor ] tvAoor [ Taoor |  omt  [nveo NN\ - P. 42

NVFLD VELOCITY FIELD DEFINITION CARDS (6F 10.0, 415)

{ wmpor | ympor | 20T | xmo0T | Y2007 1 z2poT | N1 [ ne [ Nar ] na2 ] P42

Figure 1. Preprocessor Input Data (Concluded)
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MATERIAL CARD FOR SOLIDS FROM LIBRARY (415, 2F5.0) MATL (10F 2)

[mare | o [ oau JFar JOFRAC | EFAL INNONNNNONNNNNNIONMNOMNINNIOONNINNONNNOSINININNNWINWINNWWNNY P43

DESCRIPTION CARD FOR SOLIDS INPUT DATA (415, 5X, £5.0, ASO)

[Ma T 1 Toam T ran NN\ EFal | MATERIAL DESCRIPTION ] p.44

CARD 2 FOR SOLIDS (6F 10.0, I5)

[ oensivy | seruear | " Tempr | TRooM | TMelT | TzeRo  [MODEL [NNNTOMNNOONN] P44
CARD 3 FOR JOHNSON — COOK MODEL (MODEL < 1) (8F10.0)

[ sEarmoD ] ct | c2 i N | c3 { M | cs [ smax ] P.45
CAHD 3 FOR MODF IED JOHNSON — C 0K MODEL (MODEL = 2) (8F10.0)

[suearmon | C { c2 ] N €3 | M | c4 [ smax 1 P.45

CARD 3 FOR ZERILLI — ARMSTRONG FCC MODEL (MODEL = 3) (6F10.0)

[sEammoo | ¢ [ e [ @ T o ] N OO P46

CARD 3 FOR ZERILLI — ARMSTRONG BCC MODEL (MODEL = 4) (7F10.0)

[ sHEAR MOD 1 co | [ | c3 | ca I cs I N sy P. 46
CARD 4 FOR SOLIDS (8F 10 0)
[ K1 [ e ] K3 | r [ Pmin I cL [ ca | o | P.46
CARD 5 FOR SOLIDS (8F10.0)
| D! [ o2 [ o3 | 4 [ o5 [ sl | e ] x| P.47

MATERIAL CARD FOR EXPLOSIVES FROM LIBRARY (215)

[(mar | o }\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ NN X5

DESCHIPTION CARD FOR EXPLOSIVES INPUT DATA (215, 20X, A50}

[marc ] 2 m\\\\\\\\\\\\\\“ MATERIAL DE SCRIPTION ~  P.48

CARD 2 FOR EXPLOSIVES (7F10.0, I5)
[oensay [ ENERGY | DETVEL I cL T co [ cH X oWl S P 48

JWL MODEL CONSTANTS CARD FORJWL = 1 (5F100)

e T e T e T e T ¢ OO P48

MATERIAL CARD FOR CRUSHABLE SOLIDS FROM LIBRARY (215, 15X, F5.0)

T ] 0 R Y EFAE RN R INNIIINDIOWNIDNNSODNN AN P 49

DESCRIPTION CARD FOR CRUSHABLE SOLIDS INPUT DATA (215, 15X, F5.0, AS0)
M T3 NN eFa | MATE HIAL DE SCRIPTION | P. 49

CARD 2 F OR CRUSHABLE SOUIDS (3F10.0)

(Coensiv [ sewrear | TeMi QNSO SONONNNNNNNN Y vy P49

CARD 3 F OR CRUSHABLE SOLIDS (8F100)

[ stearmoo | a | c4 | smax | L | ca | ar ] X | P. 49
CARD 4 FOR CRUSHABI E SOLIDS (8F 10.0)
[ pcrust | ucnusH ] o ] e | x3 [ wock T wock | pin 1P 49

Figure 2. Material Input Data

o
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MATL (2 OF 2)
MATERIAL CARD FOR LIQUIDS FROM LIBRARY (215, 15X, F5.0)

I I NNNNNNNANNNN EZTH SAANAANRNRR NSNS R AR

DESCRIPTION CARD FOR LIQUIDS INPUT DATA (215, 15X, F5.0, AS0)

[vart T RSSO EFac | MATERIAL DESCRIPTION ] P.50
CARD 2 FOR LIQUIDS {4F 10.0)
[__oensmy [ seerear |  vewer | I NN NN N O N NN
CARD 3 FOR LIQUIDS (8F10.0)
[T I K2 T K3 | T HED | cL ] ca [ CH 71 P. 50

Figure 2. Material Input Data (Concluded)
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N 1
LINE OF NODES DESCRIPTION CARD (215, 2X, 311, 25X, 215, F10.0) ODE (1 OF 2)

(1 [SNo0ERNT 1T RNNONOMNONNNINNNNNNNNWNN - M we [ exeand. RN P 51

R, IY/T.2
LINE OF NODE'S COORDINATE CARD (6F 10.0)

L | »w [ =z J xw [ w ] 2 [ aaaaaaey]Pesl
ROD (DISK) NODE DESCRIPTION CARD (1015, 3¥10.0)

[ 2 Twonr] na] wn] RD| ax | cros[ JoN[ n [wtop| — ziop | z80T [ ExPAND | P, 52

ROD NODE RADII CARD FOR RAD = 1 (4F 10.0)

[[_rotor [ mmopr [ mosor ] ABOT  AANNONNONNNNNNNNNNNNWIWNNNNNNWWIWINNY P 54

ROD NOOE TOP RADII CARDS FOR RAD = 2 (8F 10.0)

[ Ry | T I [ | mrnomy | | | P.54
ROD NODE BOTTOM RADH CARDS FOR RAD = 2 (8F 10.0)

[_rowm [ I [ T —rewom | ; ] P.55
AOD NODE TOP SURFACE CARD FOR RAD = 3 AND AX = 3 (215, 7F10.0)

[ Tvre [clock]  RTO | z10 | AT I | RN | ZIN i T 1 P.5S
FOD NODE BOTTOM SURFACE CARD FOR RAD = 3 AND AX = 3 (215, 7F10.0)

[ rvee Jorock]  mBO | 80 [ ma 1 8y | meN | BN | 8 | P. 56
ROD NODE TOP SURF ACE CARD FOR AX = 1 (8F 100}

[ AC | At [ A2 [ A3 T A4 I AS 1 A6 [ A7 1 P.56
ROD NODE BOTTOM SURFACE CARD FORAX = 1 (8F 10.0)

| 80 { B | 82 | 83 I B4 | 85 | 86 | 87 | P. 56
FI0D NODE TOP SURFACE CARDS FOR AX = 2 (8F 10.0)

F_ ZINR) ] I I [ zvomy ] [ | P.56

ROD NODE BOTTON SURFACE CARDS FOR AX = 2 (8F 10.0)
_zenm | | ] [ zsmom | I I ] P.56

NOTE: iF NIR = 0 BEGIN RADII AND SURFACE CARDS WITHNIR = 1

NOSE NODE DESCRIPTION CARD (715, 5X, 15, SX, 2 10.0)

[ Toee [vor Tam TR [ ax Joros KN\ M RNNY  ziop T e INNNS\N\\ P 56

NOSE NODE TOP RADI CARD FOR RAD = 1 {2f 10.0)

[ Forop | Aror IR RRRRRRRRRRRRRERET P 58

NOSE NODE TOP RADII CARDS FOR RAD = 2 (8F 10 0)
[ rinm | ] | [ minomy ] ] ] | P.58

NOTE: IF NIR = 0 BEGIN RADII CARD WITH RT *}

NOSE NODE ZMIN CARDS FOR AX = 2 (8F 10.0)
EZIE A | [ anvory) | [ T | P.58

NOTE IF NIR = 0 BEGIN ZMiN CARDS WITH 7Mit 1,

Figure 3. Node Input Data
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NODE (2 OF 2)
FLAT PLATE DESCRIPTION CARD (1015, 3F 10.0)
¢ [ vvee] nxm| nv | N2 | Fix | cros] son] Nt | wc | xReExPanD | y-xPaND | ZExPAND | P. S8

20D FLAT PLATE CARD FOR TYPE = 1 (215, 2F5.0, 4F 10.0)

(vrenofnzeno| Reart] zeaRT|  Amax | mum ] aex [ v KRNI P. 61

3D CIRCULAR FLAT PLATE CARD FOR TYPE = 2 (215, 2F5.0, F10.0, 10X, 2F 10.0)

(nAeno| weenof reart] zeaRt]  Raoms  RNNNNNNN - 2k T 2 KKKy P. 62

30 RECTANGULAR FLAT PLATE CARD FOR TYPE = 3 (215, 250, 6F 10.0)
{NXEND | NYEND] xPART] YPART] X1 | 1 T 21 | N | YN 1 2N | P.63

30 RECTANGULAR FLAT PLATE CARD FOR TYPE = 4 (215, 250, 6F 10.0)
[ NXEND | NZEND{ XPART[ ZPART| x1 ] Y1 | 21 | XN | YN | 2N 1 P.64

SPHERE NODE DESCRIPTION CARD (315, 5X, I5, 5X, 15, 5X, 15, 5X, 3F 10.0)

s [ %R NRENNN A0 RNNN SRoshNNN M NN m__ | _x [P.64

SPHERE NODE RADI| CARDS FOR RAD = 2 (BF 10.0)
[___Rney | L | | Aoy | I [ | P.65

NOTE: W NIR = 0 BEGIN RADI CARD WITHA (1)

PATRAN NODE CARD (315)

HCI BT BT NNNNNNNNNNNNNNN NN NN NN N NN N N NN NN NN N A

NODE SCALE/SHIFT/ROTATE IDENTIFICATION CARD (%)

52 NN O N N N N A A A A A N R RO P 66

NEW SCALE/SHIFT/ROTATE CARD (7F 10.0, 25.0)
| XWRSCALE | YSCALE | ZSCALE | xSHFT [ 2sHFT | ROTATE |  SLANT | wro| 20 ] P.66

Figure 3. Node Input Data (Concluded)
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ELE(1OF 1)

SERIES OF INDIVIOUAL AND COMPOSITE ELEMENTS CARD (1315, 5X, F10.0)

Lt [ manfncom] m | N2 M nT nT sl N N we [SHERNNN A ] P67

THICKNESS CARD FOR 2D SHELL ELEMENTS - FOR SHELL = 1 AND T/A = 0 (8F 10.0)

Lt | | ] | |_Tncome.t) | [ ] P. 69
AREA CARD FOR 30 BARE EMENTS - FOR SHELL = 1 AND T/A = 0 (8F 10.0)

L an | | I | amcowr) | L l | P. 69
THICKNESS CARD FOR 3D SHELL ELEMENTS - FOR SHELL = 1 AND T/A = 0 (8F 10.0)

Lt | l | 1 Tincour | 1 I | P. 70

SERIES OF 3D TETRAHEDRAL ELEMENTS CARD - SYMMETRIC ARRANGEMENT (315)

L0 1 MATL T NCOMAA NN NN NN NN NN NN NN P 70

NODE DESCRIPTION CARD FOR 3-D SYMMETRIC ARRANGEMENT (1615)
[m ] %] na] nT N T ne [ N Ne] mo] wo] Mt ] N2 N3] na] ws] we] P70

ROD (DISK) ELEMENT CARD (715, 5X, 2I5, 10X, F10.0)

[J Imat ] N [ oiaG [ NOER | NIER | NLAY [NSNNY SHELL | PLACE EANNININNN\N\] THICK RN\ P70

30 ROD TOPBOTTOM SHELL THICKNESS CARD - FOR THICK = 0 (8F10.0)

L__Tver) | | [ [ [ _TivoeR) | | P72
30 ROD SIDE SHELL THICKNESS CARD - FOR THICK = 0 (810.0)
Lo ] i | | [ Tty ] | P72

ROD MATERIAL CARD FOR MATL = 0 (1615)

Mwen] [ [ [ T 1 F fmwoer] [ [ [ [ [ [ JpP72

NOSE ELEMENT CARD (615, 10X, 15, 15X, F10.0)

[ T [ ] oac [ woer [ e TSNSy S RSN ek RSy P 72

30 NOSE THICKNESS CARD FOR THICK = 0 (8F10.0)

[ i ] [ TeNoER) ] | P.74
NOSE MATERIAL CARD FOR MATL = 0 (161%)
[MviER) | | 1 [ 1 | | Minoery l | ] | | P.74

FLAT PLATE ELEMENT CARD: 10i5, 10X. F10.0)

[ o Twmarc [ W Tomc [ 1vee [aoor | ny | w2z | sHee riace KNNNNNNN THICK PO P74

SPHERE ELEMENT CARD (615, 10X, 15, 15X, F10.0)

[ 5 Jware [ ~r T onc Twoer T MER NONNNNNNY st DNNNONNNNNNNT - THick . ENSNNNNN P, 76

SPHERE MATERIAL CARD FOR MATL = 0 (1615)

Mvem] ] ] | [ T Jwwoer] [ T [ T [ [ JPr77

PATRAN ELEMENT CARD (3, 55X, F 10.0)

[ess | P [ PN L\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\1 N A )

Figure 4. Element Input Data
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SLIDE (1 OF 1)
SUING INTL RF ACE CARD £ OH 10 GEQMETRY -- AS REQUIRE D (215)

SLIDING INTERFACE IDENTIFICATION CARD FOR 2D GEOMETRY - AS REQUIRED (1015, 3F10.0)
[ NMG | MwnT nsG] nsN] NsR | Tvee] meot] sRT mi | m2 ] meFvet | EmoDE | FRCTION | P.79

NMG GROUPED MASTER NQDE CARDS (315)

(MG | NG| wc I\\\\\\\\\\\\\\\X\\\K\\\K\\\\\\\\\\\\\\\\\\\\\\\\\‘{ P.84

INDIVIDUAL MASTER NODE CARDS - FOR NMN > 0 (1615)

[ ] we] P11 [ ] T ww] 1 [t [ I |ps84

NSG GROUPED SLAVE NODE CARDS (315)

L35 1 8% M N NN A N R R T I T H ity p. 4

INDIVIDUAL SLAVE NODE CARDS - FOR NSN > 0 (16!5)

(s s 1 1 1 T T T T T T T T T Jjps4

NSR SLAVE NOOE LIMITS CARDS (4F10.0)

L Aua ] A | zmx ] 20 ROIIIIIIIIIITIITTTTIRIR RN P. 85

SLIDING INTERFACE INDENTIFICATION CARD FOR 30 GEOMETRY - AS REQUIRED (915, 5X, 3F 10.0)

[ NmG | seex| NsG| wsN] wsR] tvee] mBot] seTn RNN\N\N  ReFveL [ erooe | FRICTION | P, 85

MASTER DEFINITION CARD FOR RECTANGULAR PLATE GEOMETRY (215, 5X, 545)

L 1 % DNNNY ouc] wwc] maw] ot ] ow ORI P. 88

MASTER DEFINITION CARD FOR ROD-NOSE GEOMETRY (7i5)

(2 1 M [mcooe] oG] NORT MR ] HPL AN N N NN NN P 89

MASTER DEFINITION CARD FOR CIRCULAR PLATE (DISK) GEOME TRY (515)

(3 [ w Jwcooe] DIAG ] NRNGINNNNNNNNN NN RN ORONNOIINRNINNNNNY P 90

MASTER DEFINITION CARD FOR CYLINDER (ROD) GEOMETRY (715)

L ¢ [ w Jwcooe] omcf moR] MR ] NPt NN NNINNNNINIINRINIIIIONINDNINNNINNNNY P91

MASTER DEFINITION CARD FOR GENERAL GEOMETRY (815)

s [ncoud mwe] w ] we | Mo ] ms] w5 ROONONNNONNNNNNNINNNOINNOONININIWNIWNIWIWNNWNNNY P92

MASTER DEFINITION CARD FOR PATRAN GEOMETRY (315)
(ess [ P71 ] PN [SS(SSSSSSSSS(TTTSSSSSQTTSSSSTQQQQQ_\‘QQQQQQQQQQQQQ-\‘gq P.92

NSG GROUPED SLAVE NODE CARDS (315)

T R AT NN NN NN NN NN NN N NN NN N N N N N N N N O N O N NN NN NN NN NN

INDIVIDUAL SLAVE NODE CARDS - FOR NSN > 0 (1615)

(s T T T T [ T T=f T [ [ [ T [ Jpu

NSR SLAVE NODE LIMITS CARDS (6F10.0)

TN S TS TS BRI BTN BRREC N NNANANNANNNNNNNN X

Figure 5. Sliding Interface Input Data
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MAIN (1 OF 2)
RESTART DESCRIPTION CARD (215, A70)
{3 Joase] MAIN DESCRIPTION 1. P.94

TIME INTEGRATION CARD (15, 5X, 7F10.0)
[everte ANNY TIME | otMax [ otun | SSE [ t™ax [ cemax ] emax  |. P.95

MAIN MISCELLANEOUS CARD (215, 5X, 345, F10.0, 10X, F10.0}

[7ProT] oRoPINNNY PRES| Pusi] HRG [ VFRACT ANNNNNNNT AMAC RNNNNNNNINNNNNINY « P 96

PLOT CARD FOR TPLOT = 1 (415, 6F10.0) A
[ sys [neot Piot optot] orsys | 1sys | Dinooe |  TnooE | orow ] TOYN | P.97

DESIGNATED NOODES CARD - FOR NPLOT > 0 (1615)

L | ne | | [ I [ | [m=] | I | I | P.98

DESIGNATED ELEMENTS CARD - FOR LPLOT > 0 (1615)

(e [ e [ T § [ [ e T [ [T [ T [ T ]P98

DYNAMIC PLOT CARD FOR DPLOT = 1(615, 2F10.0)

[Cune [ soet | waar [ soew] van | soev] _wex e RSy P 99

MATERIAL DESIGNATION CARD - FOR NMAT >0 (1615)

Lw fowef [ ] P 1 F [ww] | | R N B A (1

COLOR DESIGNATION CARL - FOR NMAT >0 (1615)

e f el | v | ¢ F [ Je] [ I [ [ | ]P100

DYNAMIC PLOT LIMITS CARD (6F10.0)

1 xAmax | YMAX | dax | XAMIN | yMn | 2MIN NN A ]

DROP CARD FOR DROP » 1(F10.0, I5, 5X, 415, 5X, 35, 2X, 31 . I5)

[ ToroP — TaNODE NN\ MeLE [ nsuio [ nric Fekn KNNNINzowe [aeeot foecor NY ] ] MFAL NNNNNN\\Y P 101

DESIGNATED ELEMENTS FAILURE CARD - FOR NFAIL > 0 (1615) IXR, iY, 12

(e T e,c7 T [ T [ 1 Jeew] [ [ | 1T T [ P10

Figure 6. Main Routine Input Data

NS2844B(N 11




MAIN (2 OF 2)
PRESSURE CARDS FOR PRES = 2 - AS REQUIRED (615, F10.0)

[ewer JTeew Jeewc] ~1 ] ww Jnoowe] PREssuRE ANNNNNNNNNNNNNNNNINWOIWNNWNNINNSNNNNY P 102

ENDS PRESSURE CARDS FORPRES « 2

TIME - PRESSURE CARDS FORPRES = 2 - AS REQUIRED (2F 10.0)

G U \NNNNNANANANNNNNNNNNNNNNN NN NN NN e

ENDS TIME ~ PRESSURE CARDS FOR PRES « 2

VELQCITY CARDS FOR PUSH = 2 - AS REQUIRED (315, 5X, 3F10.0)

(v T »wl we NN wroor T wioor [ 0T [NNNNNNNONMNONNNNIWNINNIWNNW P 104

BLANK CARD ENDS VELOCITY CARDS FOR PUSH « 2

TIME - VELOCITY CARDS FOR PUSH = 2 - AS REQUIRED (2F10.0)
VTIME v(T) P. 104

ENDS TIME - VELOCITY CARDS FOR PUSH « 2

DATA QUTPUT CARDS - AS REQUIRED (4F10.0, 8i5)

[ vMme ™ T ecueck | w~cHeEck | ROAMP [ sAvE | BURN | YPANT [NDATA [ SLPR | PROU | PAT [RzONE |« P. 104

ENOS MAN FOUTE

Figure 6. Main Routine Input Data (Concluded)
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POST1 (1 0F 2)
GEOMETRY PLOT CARD FOR 2D AND 3D (215, F10.0, 812, 14X, A30)

Lt Jovee] vwe ] [ 1 11 11 T RN TITLE ] P.109

NPRINT
— NODE
FAL
EDGE
SIDE
b —————-—— ORIENT
VIEW
AXES

PLOT LIMITS CARD FOR AXES = 2 (6F10.0, 35)

[xmmax ] vmax ] amax | xmwe | ven | R EREECEIEENNEAY

3D PERSPECTIVE CARD FOR VIEW = 4 OR 8 (6F10.0, I5)

[ XEYE | VEYE | zEve | xpane | veane [ zeane T Hoe RSSO\ P. 113

EXTRAPOLATE D GEOMETRY PLOT CARD FOR 2D AND 3D (215, F10.0, 82, 4X, F10.0, A30)

[ 2 Jevae] TIME TTTTTTTU TR\ TExtree | TITLE ] P. 113
~—

L SAME AS GEOMETRY PLOT CARD SHOWN ABOVE

PLOT LIMITS CARD FOR AXES = 2 (6F 10.0, 5)
[Twraax ™ T vmax T amax ] xmwn ] vmax | x| et N | M INNNY P 114

VELOCITY VECTOR PLOT CARD FOR 2D AND 3D (215, F10.0, 612, 8X, F10.0, A30)
[ 2 Jovcee] vwe [ ] ] ] 1 1 NN\ vsoue | Tme ] P.114

ARROW
e EDGE
SIDE
ORIENT
VEW
AXES

PLOT LIMITS CARD FOR AXES = 2 (6F10.0, 215)

[ wmmax ] ymax | 2uAX | xAMN | vMN | zwn T e T NN P 114

30 PERSPECTIVE CARD FOR VIEW « 4 (6F10.0, 215)

[ Xeve | YEVE | ZEVE [ xPLANE | vriane | IR ETENNNNNE A

PATRAN QUTPUT FILE CARD (215, F 10.0, 2, 28X, A30)
I ST BT BB \NNNNNANNNNNNNNNNNNNNANY TITLE | P.114

L PAT

Figure 7. Postprocessor input Data for State Plots
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POST1(20F 2)
CONTOUR PLOT CARD FOR 2D AND 3D (215, F10.0, 812, 14X, AJ0)

(rvee foveee |  vme [ T T T 11T 1 T BNOSOONNINNNY TINE ] P.115
me LYPE CONTOUR PLOTTED
—— SYMBOL 1" PRESSURE
L NUINE 12 VON MISES STRESS
b EDGE 13 EQUIVALENT STRAN
— —siE 14 DAMAGE / BURN FRACTION
ORIENT 15 TEMPERATURE
VIEW 16 PLASTIC WORK
AXES 7 INTERNAL ENERGY
18 LOG (10) STRAIN RATE
19 NET X /R STRESS :l NOT AVAILABLE
b4} NETY/TSIRESS | FOR 3D SHELL
ELEMENTS
21 NET Z STRESS

PLOT LIMITS CARD FOR AXES = 2 (6100, 315)
[ xmmax | ymax [ 2wax T wmmn ] MmN | 2N | oEr T oen T NN\ P 116

CONTOUR SPECIFICATION CARDS FOR NLINE > 0 (8F 10.0)

[ c T c2 T I I T CN ] | ] P. 116
PLOT CARDS FOR 10 ONLY (215, F10.0, I2. 12X, 12, 14X, A0)
[rvee Jevete ]  ™™e | INNOSOWONNNNN RNNNNNNNNNGY TLE _J P.116
L axes L enr IXPE  YARIARIE VSZAXS
121 SAME AS CONTOURS
2 ZvELocHy

PLOT LIMITS CARD FOR AXES « 2 (4F 10.0)

[vwax [ v | 2wax | 2a8 AN P 116

ENDS POST 1 POSTPROCESSOR

Figure 7. Postpro.:essor input Data for State Plots (Concluded)

NS28448(1) 14




N52R448(1

SYSTEMICHUNK PLOT CARDS - AS REQUIRED (315, F5.0, 4F 10 0, A20)

POST2 (1 OF 1)

[[TvPe T axes | cooe Tscae | TMAX ] M vmax T VMIN T TITLE | po117
INDIVIDUAL NODE PLOT CARDS - AS REQUIRED (315, F5.0, 4F 10.0 A20)

LTYPe | Axes | NoOETscAE]  tMax | N | | VWiN ] TILE | P. 118
INDIVIDUAL ELEMENT PLOT CARDS - AS REQUIRED (35, F5.0, 4F10.0, A20)

[TvPe [Axes T €le [scaE]  tmax | man T | wWiN T TITLE | P.118

BLANK CARD ENDS POST2 POSTPROCESSOR

IYPE YARIABLE PLOTTED
1 ENERGIES: TOTAL (1), KINETIC (2), INTERNAL (3), PLASTIC WORK (4)
57 XYZ / RTZ MAXIMUM COORDINATE S
8-10 XYZ / RTZ MINIMUM COORDINATES
11-13 XY2 / RTZ CENTERS OF GRAVITY
14-16 XYZ / RTZ LINEAR MOMENTA ONLY R, 2 FOR 2D
17-20 XYZ / RTZ VELOCITIES (17-19)

AND NET VELOCITY (20)
2123 XY2 / RTZ ANGULAR MOMENTA

READ DESCRIPTION FOR 20

24-26 XYZ/RTZ ANGULAR VELocmEs]'
27 MASS
4042 XY2 7 RTZ NODE POSITIONS
43-46 XYZ/ RTZ NODE VELOCITIES (43-45) AND NET VELOCITY (46)
4749 XYZ / RTZ NODE ACCELERATIONS
50 NODAL PRESSURE
60 ELEMENT PRESSURE
61 ELEMENT PRESSURE (NODAL AVERAGE)
62 VON MISES STRESS
63 EQUIVALENT PLASTIC STRAIN
64 DAMAGE / BURN FRACTION
65 TEMPERATURE
66 PLASTIC WORK PER INITIAl VOLUME
67 INTERNAL ENERGY PER INTIAL VOLUME
68 LOG (10) STRAIN RATE
63-71° XY2Z / RTZ NORMAL STRESSES
72-74° SHEAR STRESSES' X-Y/ R-T (44). X-Z / R-Z (45), 2-Y / 2-T (46)
75 RATIO' MEAN STRESS/ VON MISES STRESS

* NOT AVAILABLE FOR BAR AND / OR SHELL ELEMENTS

[~ SYSTEM/CHUNK DATA

- INDIVIDUAL NODE DATA

- INDIVIDUAL ELEMENT DATA

Figure 8. Postprocessor Input Data for Time Plots

15




MATERIALS IN DATA LIBRARY FOR EPIC

NUMBER DESCRIPTION
1 OFHC COPPER RF-30, BOOF ANNEAL/60MN
4 ARMCO IRON RF-72, 1700F ANNEAL/60MN
13 WATER (FRESH) REF. JAP, 1973
14 CONCRETE (5000 PSI, 144 PCF) REF. ARBRLCR00484
23 6061-T6 ALUMINUM RB-58
36 OFHC COPPER (MODIFIED JOHNSON-COOK MODEL)
37 ARMCO IRON (MODIFIED JOHNSON-COOK MODEL)
38 OFHC COPPER (ZERILLI-ARMSTRONG FCC MODEL)
39 ARMCO IRON (ZERILLI-ARMSTRONG BCC MODEL)
43 COMP B (JVL EQS) REF. UCRL-52997
44 COMP B (GAMMA LaAW) REF. UCRL-52997

Figure 9. Materlals in the EPIC Materlial Library
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EXPAND
NUMBER | e
OF 7 8 9 1.0 1.1 1.2 1.3 1.4 1.5
INCREMENTS
N A fAnPA AN fA (AN | A (AN (A (AN (A p 8 8 (AN (A | A (A1 A
A A A A A A A A A A A A A A A A A A
2 1176 .824|1.111{ 889(1.0531 .947| 1.0|] 1.0]| .952{1.048}| .909{1.091] .870(1.130| .833(1.167{ .800(1.200
3 1.370| .671|1.230} .787]1.107| .897 906 |11.097 | .824{1.187| .752|1.271| .688[1.349| .632(1.421
4 1579 .5421.355{ .694}1.163 | .848 .86211.147| .745|1.288} .647|1.420| .563 |1.545| .492 !1.662
5 1.803| .433}1.487| .609(1.221| .801 .81911.199| 672(1.393( .553|1.579| .4571.755| .379|1.919
6 2.040| 3431626 .533(1.281| .756 77811.252| 604 |1.504] 470{1.746] .368|1.977| .289 (2.192
7 2.288| .269(1.772| 46411.342| .713 .738(1.3071 .542|1.618] .398(1.922| 2931|2210 .2182.487
8 2547 210}1.923| .403[1.405| 672 .70011.363| .485(1.737| .335(|2.104 | .233|2.452| .162(2.775
9 2.814] 162]2.079] .34911.469( .632 663 |1.421{ 4331861 .281(2.293 | .183|2.702] .120(3.080
10 3.087; .125(2.241| .301]1.535( .595 .627[1.479] .385]1.988| .235(2.488 | .143|2.959| .08813.392
12 3651 07212577 .221]|1.672| 525 .56111.601] .3032.253| .161]2.893 | .086{3.490| .047 |4.031
14 42291 .041]2.929| .161[1.815| .461 .500(1.7281 23712530 109|3.315{ .051 (4.036| .024 |4.683
16 4.816| 023{3.293] .116[1.964 | .404 445(1.859| .183{2.819| .073|3.749] 030{4.592| .012|5.341
18 5.409| .01313.666| .083 2._118 353 .395(1.995] .1403.117] 0484191 | .017]5.155| .006 |6.004
20 |16.003 | .005 4.037| 04612.246| .273 4 ] 34912102 | .089|3.407| .024 |4.634| 007 (5.719} .002 |6.668
NTSN130° 7 TXC
NODES N1  (N1+1) (N1 + NNODE-2) (N1 + NNODE - 1)
o———o——o—\}o———o————o————o{\ TS - °
\—e T °
INCREMENTS a, Ay A, ' A, LY 8y
\
TOTAL LENGTH o ,
NUMBER INCREMENTS N : Aar = A EXPAND
=)
Ay N{1 - EXPAND) An EXPAND
A (1 FXPAND Ny 2

[‘. ( EXP‘AND )N]

Figure 10. Nodal Spacing for Various Expansion Factors
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CROSSED TRIANGLES (N5>0)

~ ELEMENT (L1) ELEMENT (L1 + 4eNCOMP - 1) -
N1 i N4 L
N5 7 P
v
Lrer L1431 e
L1+ 2 . . //" //‘
N2 N3
T T ncome )
- COMPOSITE ELEMENTS ——
STANDARD TRIANGLES (N5=0) .
ELEMENT (L1 + 2eNCOMP - 1) -
N1 N4 \
. A
RER N
‘ ™~
™~
\
N2 Y\ N3
— ELEMENT (L1)
QUAD ELEMENTS (N5=-1)
ELEMENT (L1 + NCOMP - 1) -5
N1 N4 ]
d
\
Y
N2 N3
K ELEMENT (L1)
ONE DIMENSIONAL ELEMENTS (N3=0)
ELEMENT (L1 + NCOMP - 1) ,
N2 N1 _ R R
2 -~ . . SRR A
C ELEMENT (L1) INCREASING
2 AXIS

Figure 11. 2D Composite Element Geometry
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NON-SYMMETRIC BRICK ARRANGEMENT

LOTAL O
CHLEMENTS

TOTAL (F
24 FLEMENTS

d
No .

NN//

Figure 12. 3D Composite Element Geometry
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SYMMETRIC BRICK ARRANGEMENT
(24 TETRAHEDRAL ELEMENTS)

2.884X% 7 /
NON-SYMMETRIC BRICK ARRANGEMENT T /-
{6 TETRAHEDRAL ELEMENTS) /’ !
;
BRICK ELEMENT ST o
xo/r 2.884x, //
¢
) /
fe— Xo —] | 1.817Xo —] [¢————2884x; ———p|
Lmax 1732 Xo Lmax 3147 Xg Lmax 2884 Xo
HMN = Xo Hun 1049 Xo Hun 1020 Xg
NOTES '

® ALL ELEMENTS HAVE EQUAL VOLUMES ( Xo3 )
® LMAX IS MAXIMUM DISTANCE BETWEEN TWO NODES OF AN ELEMENT
® HyuN 1S MINIMUM ALTITUDE OF AN ELEMENT

Figure 13. 3D Element Arrangements
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BRICK 3
ELEMENTS 13-18

16

BRICK 2
ELEMENTS 7-12

BRICK 1
ELEMENTS 1-6

Figure 14. 3D Node/Element Input Data Example
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GEOMETRY Hoges SHELL DESCRIPTION

N1 {N2|N3[Na|N5|N6|N7|Ns

1D Ni|N2foJofofo]o]o 0 1D ELEMENT
[ NjololofoloTof o™ "2 ™ T wonrmeripor

20 NT[N2] o |0 ofo]o 1 SHELL/BAR
N1{N2[N3Jo|o[o]o]o 0 1 TRIELE
Ni[N2[N3fNafo[o0]o o0 0 2 TRIELE
N1|N2[ N3|N4|[Ns[ 0|0 |0 0 4 TRIELE
| NTJN2IN3INaj-1]0j0f0f 0 1 _1QUADELE _ _ _ |
Nt[N2[o|ofo|oTlo o 2 NON-REFLECT

2D N1fN2jofojo|o|o]o 1 BAR
N1|N2[N3Jofofo]ofo 1 1 TRI SHELL ELE
N1[N2|N3[Nsfo |0 |0 |0 1 2 TRI SHELL ELE
N1| N2| N3| N4[Ns[ 0|0 | O 1 4 TRI SHELL ELE
N1[N2|N3[Nafo[o]o]o 0 1 TET ELE
N1{ N2 N3] 0 | N5[ N6| N7| O 0 3 TETELE
N1| o | N3[ Na| Ns| 0 | N7| N 0 3 TET ELE
N1|N2|N3[N4[N5[N6|N7[NB| 0 6 TET ELE
N N2[N3|0To|0To|0] ™ T2 ~ T ~1NON-REFLECTTRI™ |
N1{N2|N3fNafo[o]o]o0 2 2 NON-REFLECT TRI
N1| N2| N3[Na[Nsj 0 [ o | 0 2 4 NON-REFLECT TRI

Figure 15. Summary of Indlvidual and Composite Element Options
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0P VIEW
X X
— —
012345 23 45
Isial312111 1514131
ELEMENT NODE ELEMENT NODE
RING RING RING RING
ROTOP ROTOP —~
NODE N1 RITOP 0.0 | FELEMENT (AYER Rirop | PLANE
Z10P N1 1
1
— 2
, [
— 3
, 3
~ 4
NV
- 5
ﬁ NLAY -3
" NPLN-3
NLAY -2
- NPLN-2
NLAY-1
- NPLN-1
NLAY
: 7807 NPLN
RIBOT-0.0 ‘qmor
et~ < -
ROBOT ROBOT
3-D SOLID ROD 3-D HOLLOW ROD
NIR . 0. NOR -5 NIER=1 NOER .5 NIR .2 NOR=5 NIER=3 NOER=5
RAD -1 AX=0. CROS=0, DIAG 1 RAD -1, AX=0, CROS=1, DIAG=5

> R

RT (NOR)
ZT (NOR)

N1

\\l\\

L.

T AW

AN

D
®
P
]
2

78 (NOR) }

2-D SOLID ROD

NiR=0. NOR=4, NIER =1,
RAD =2 AX=2,

NOER = 4
CROS =0 DIAG=6

INODE AND ELEMENT ARRANGEMENTS FOR 2-D GEOMETRY ONLY]

-NOOE N1
\ —
! /
([~
— - _)/
DIAG -1 DIAG -2 DIAG =
CROS - 0 CROS o CROS =

N528448(1)

4 DIAG
0 CROS =1

Flgure 16. Fod Shape Geometry
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DIAG =6
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CONICAL NOSE (TYPE=1)

'
. z
ELEMENT NODE ROTOP —o
RING RING RiTOP | .
1514312111 12 3 45 710p Fe—
VAVA'AVAV‘ WAVAVAVAWY, ZTop —
VAVAVAY o o —
ROD D Nv‘v ZMINGR) —
INTERFACE 5”%’5 Y
an Y 3D
ZMIN ‘ ZMININOR) —
NIR=0. NOR=5 NIER=1. NOER-=§ NiR=2. NOR.5 NIER-3. NOER.§ NIR-0 NOR.5 NIER.1. NOER-5
RAD=1. AX=0. CROS=0, DIAG=) RAD=1 AX=0. CROS:=0. DIAG:1 RAD-2. AX 2. CROS-0. DIAG 1

ROUNDED NOSE (TYPE=2)

ELEMENT NODE -« AINGSOF
RING RING ELEMENTS
15141312111 1 2 3 4 5 1_‘2\ N&EP

WUOPJ» N1 — 2TOP
ROD
INTERFACE
IMIN e ~ - ZMIN
NIR:0. NOR-5 NIER=1, NOER-5 NIR=2, NOR=5. NIER-3. NOER 5 NIR 0. NOR .5 NIER:1, NOER.5
RAD=1. AX=0. CROS=0, DIAG=1 RAD:1. AX=0. CROS.0. IAG 1 AAD 1 AX 0. CROS.0 DIAG.6
OGIVAL NOSE (TYPE=3)
2
ELEMENT NODE ROTOP -
RING RING RITOP ey RITOP
15141312111 12 3 4 5 270p - I iop
N ANz R g vaviva RS AV
RN AL) RV
RS UKIEES | woo 8 .
N “(" N INTERFACE X7 z 0
[e]
g —K
Z
@ — ('
IMIN ———— D *NOH - ZMIN
NIR-0  NOR-5 NIER-1. NOER-5 NIR:-2. NOR 5 NIFR 3 NOER 5 NIH 0. NOR-5 NIEf: 1. NOER 5
RAD=1 AX=0. CROS-1. DIAG=5 RAD:1. AX-=0. CROS-0. DIAG-1 RAD 1. AX @, CRO': 1, DIAG -5

Figure 17. Nose Shape Geometry
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2D GEOMETRY 3D GEOMETRY
NU:)AEER CROSSED TRIANGLE | STANDARD TRIANGLE SYMMETRIC NON SYMMETRIC
RINGS | NODES JELEMENTS| NODES JELEMENTS] NODES |ELEMENTS] NODES |ELEMENTS
PER PER PER PER PER PER PER PER
LAYER* | LAYER | LAYER | LAYER | LAYER' | LAYER | LAYER | LAYER
1 3 4 2 2 17 48 6 12
2 5 8 3 4 53 192 15 48
3 7 12 4 6 109 432 28 108
4 9 16 5 8 185 768 45 192
5 11 20 6 10 281 1200 6 300
6 13 24 7 12 397 1728 91 432
7 15 28 8 14 533 2352 120 588
8 17 32 9 16 689 3072 153 768
9 19 36 10 18 865 3888 190 972
10 21 40 11 20 1061 4800 231 1200
N 2N+1 aN Na1 N J1onZeeNet]  4eNZ [oNZianet | 12n2
* ADDITIONAL NODES PER ADDITIONAL ELEMENT LAYER (INCLUDES SECONDARY NODES)
NOSE GEOMETRY **
NUMBER 2D GEOMETRY 3D GEOMETRY
OF CROSSED TRIANGLE | STANDARD TRIANGLE SYMMETRIC NON SYMMETRIC
RINGS [ noDes [eLeEMENTS| NODES |ELEMENTS| NODES [ELEMENTS| NODES [ELEMENTS
1 3 4 2 2 17 48 .6 12
2 10 16 6 8 89 384 30 %
3 21 3% 12 18 221 1296 84 324
4 36 64 20 32 413 3072 180 768
5 55 100 30 50 665 6000 330 1500
6 78 144 42 72 977 10368 546 2592
7 105 196 56 % 1349 16464 840 4116
8 136 256 72 128 1781 24576 1224 6144
9 171 324 90 162 2273 34992 1710 8748
10 210 400 110 200 2825 48000 2310 12000
N NN an? N2 N N2 JaoNZ.1gNss| 48N JonZanZaN] aeNd
** DOES NOT INCLUDE NODES AT ROD INTERFACE NTSIGRUMCI004 TG
7/10/890

Figure 18. Summary of Nodes and Elements for Rod and Nose Shapes
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R VARIABLE SPACING SECTION

NREND NODES
X/R-EXPAND
o0 —— ——RING OF NODES >
NODE N1
1 3 NR
ZMAX } .
1
AR ge=p
2 { / ~ /
/// 4 s _ 1L PLANES
' / / / OF NODES
LAYERS OF 4% P
ELEMENTS / - A T
e m
»
_ _— ' v
»
&
NLZ { 6
ZMIN ! — A - R ___J NZ {'
PR ——— - e
o2 NLX/R
B COLUMNS OF ELEMENTS .
RMIN AMA X
NODE N1 N1 N1
v
DIAG = 1 DIAG = 2 DIAG = 3 DIAG - 4 DIAG = 5
CROS = 0 CROS = 0 CROS = 0 CROS = 0 CROS = 1

NE28448(h

Figure 19. 2D Flat Plate Geometry
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CROS =1
DIAG =5

ELEMENT RINGS
| NODE
LAYERS
NREND
RPART
ELEMENT y4 .
ELEMEN T X/R-EXPAND —P>
1 1 e < - < < - o ’ X TEMAX
2 Sl — - =
2 Bl S =
e N - - x e L ~ P J
_ : ? S K — NZEND
AN AN S . 2PART
Nz . RN AN * AL Z- EXPAND
e R N T T
e 1 2 NX/R
Ny J
——
NODE RINGS

Figure 20. 3D Circular Flat Plate Geometry
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TYPE = 3 (HORIZONTAL LAYERS)

Z Y XPART XPARY
NXEND NODES NXEND
. XPAND
y XREXPAND < 3 XRE
YPART 1Z LAYER 1
NYEND NOOES
Y EXPAND /
}/ , | Z LAYER NLZ
oy P ASVAVA N ‘ ‘
Xi, YL ZD
A=) /\fXN_ YN, ZN:
,l, Yy Y LAYER NLY
Z-EXPAND CROS =0
DIAG =1
—— ¥ Y lAYER |
X LAYER 1 X LAYER NLX/R
TYPE = 4 (VERTICAL LAYERS)
XPART XPART
NXEND NODES NXEND
X/R-EXPAND  ~¢—| [~ X/R-EXPAND
A . e
Y-EXPAND
NODE N1
(X1, Y1, 21) CROS = 1
DIAG = 5
ZPART
NZEND NODES (XN. YN, ZN)
Z-EXPAND
{\

Figure 21. 3D Rectangular Flat Plate Geometry
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PATRAN EPIC
NAME GEOMETRY NAME GEOMETRY
BAR?2 o 0 BAR/SHELL o— 0
TRI3 TRIANGLE
1 2
TET/4 TETRAHEDRON
QUAD/4 QUAD
CROSSED
QUAD/5 TRIANGLES
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Figure 22. PATRAN to EPIC Translators for Nodes and Elements
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Figure 22. PATRAN to EPIC Translators for Nodes and Elements (Continued)
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