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EShaped charge and numerical modeling of their 

detonation
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��฀

4HE฀PHENOMENON฀OF฀DIRECTIONAL฀ENLARGEMENT฀OF฀THE฀DETONATION฀EF

FECTS฀WAS฀ALREADY฀KNOWN฀IN฀86)))฀CENTURY�฀)T฀DEPENDS฀ON฀THE฀CONCENTRA

TION฀OF฀THE฀ENERGY�฀WHICH฀CAUSES฀LOCAL฀INTENSIFICATION฀OF฀THE฀EXPLOSION฀
INFLUENCE฀ON฀THE฀SURROUNDINGS�฀!S฀AN฀EXAMPLE฀CAN฀BE฀PRESENTED฀THE฀
AXIAL฀CUMULATIVE฀EFFECT�฀SHOWN฀IN฀&IG�฀��

$ETONATION฀OF฀THE฀CYLINDRICAL฀CHARGE฀OF฀THE฀EXPLOSIVE�฀WHICH฀WAS฀
DIRECTLY฀APPLIED฀TO฀THE฀PLATE฀MADE฀OF฀E�G�฀STEEL�฀CAUSES฀FORMATION฀OF฀THE฀
SMALL฀CRATER฀IN฀THE฀PLATE�฀0RODUCTION฀OF฀A฀CAVITY฀IN฀THIS฀CHARGE�฀IN฀THE฀
SHAPE฀OF฀A฀CONE฀�CALLED฀HOLLOW฀CAVITY	�฀CAUSES�฀DUE฀TO฀DETONATION฀OF฀
EXPLOSIVE�฀THE฀ENERGY฀CONCENTRATION฀OF฀THE฀DETONATION฀PRODUCTS฀ON฀THE฀
SMALL฀SURFACE�฀WHAT฀RESULTS฀IN฀THE฀CREATION฀OF฀THE฀CRATER฀WITH฀THE฀DEPTH฀
SIMILAR฀TO฀THE฀DIAMETER฀OF฀THE฀CHARGE�฀3UCH฀CHARGES฀WERE฀CALLED฀HOLLOW฀
CHARGES�฀4HIS฀EFFECT฀WAS฀NOTICED฀AT฀THE฀END฀OF฀86)))฀CENTURY฀BY฀MINING฀
ENGINEER฀&RANZ฀VON฀"ADER฀;�=�฀(E฀NOTICED�฀THAT฀PATTERNS�฀WHICH฀WERE฀
PRESSED฀ON฀ THE฀CHARGE฀DURING฀DETONATION฀WERE฀ IMPRESSED฀ON฀PLATES฀
MADE฀OF฀METAL�฀4HIS฀WAS฀SPECIAL฀ENGRAVING�฀!T฀THE฀END฀OF฀8)8฀CENTURY฀
VON฀&ÓRSTER฀STUDIED฀EXPLOSIVE฀ENGRAVING�฀(E฀WAS฀CONSIDERED฀TO฀BE฀THE฀
DISCOVERER฀OF฀ THE฀DIRECTIONAL฀ ACTION฀HOLLOW฀CHARGES�฀4HIS฀EFFECT฀WAS฀
AGAIN฀DISCLOSED฀BY฀#HARLES฀%�฀-UNROE�฀(E฀DETONATED฀ON฀STEEL฀PLATES฀
BLOCKS฀OF฀EXPLOSIVE฀WITH฀VARIOUS฀INITIALS�฀E�G��฀5�3�.�฀THE฀�5NITED฀3TATES฀
.AVY	�฀WHICH฀AFTER฀THE฀DETONATION฀IMPRESSED฀ON฀THE฀PLATES�฀)N฀�����฀IN฀
THE฀WORK฀OF฀#�฀%�฀-UNROE฀n-ODERN฀%XPLOSIVESo�฀WERE฀DESCRIBED฀STUD

IES฀ON฀THE฀USE฀OF฀THE฀SHAPED฀CHARGES฀OF฀THE฀EXPLOSIVE�฀ESPECIALLY฀THE฀
HISTORICAL฀EXPERIENCE�฀DEPENDING฀ON฀ THE฀DETONATION฀OF฀ THE฀EXPLOSIVE฀
GELATIN฀CHARGE�฀WHICH฀IN฀THE฀CONSEQUENCE฀OF฀THE฀APPROPRIATE฀HOLLOWING฀
OF฀THE฀CHARGE฀LEADS฀TO฀OBTAINING฀ON฀THE฀ROCK฀THE฀INSCRIPTION฀-5.2/%฀
;�=�฀3IMILAR฀RESEARCHES฀WERE฀LED฀IN฀THE฀'ERMANY฀BY฀%�฀.EUMANN฀AND฀
-�฀.EUMANN฀�����	�฀AND฀THEY฀DISCOVERED�฀THAT฀THE฀EFFECT฀OF฀THE฀DIREC

TIONAL฀ACTION฀OF฀THE฀HOLLOW฀CHARGE฀CAN฀BE฀SIGNIFICANTLY฀INCREASED฀;�=�฀IF฀
THE฀HOLLOW฀CAVITY฀IS฀LINED฀WITH฀THE฀LAYER฀OF฀SOLID฀E�G�฀METAL�฀GLASS�฀CERAM

ICS�฀WITH฀THE฀SHAPE฀OF฀THE฀CAVITY�฀4HIS฀LAYER฀IS฀CALLED฀THE฀LINER�฀WHEREAS฀
THE฀HOLLOW฀CAVITY฀WITH฀THE฀ LINER฀ IS฀CALLED฀THE฀SHAPED฀CHARGE�฀4HE฀DI

RECTIONAL฀ PENETRATION฀ EFFECT฀ IS฀ CALLED฀ THE฀ -UNROES฀ EFFECT฀ �IN฀ 5NITED฀
3TATES	฀OR฀THE฀.EUMANNS฀EFFECT฀�IN฀THE฀'ERMANY	�฀)N฀THE฀STUDIES฀OF฀THE฀
PHENOMENON฀ OF฀ THE฀ DIRECTIONAL฀ PENETRATION฀ EFFECT฀ *ERZY฀ "A�ACZYÎSKI฀
%NG�฀PARTICIPATED฀ALSO�฀(E฀PUBLISHED฀THE฀WORK฀n-ATEMATYCZNA฀ANALIZA฀
DZIA�ANIA฀NABOI฀WYDR��ONYCHo฀IN฀n0RZEGL�DZIE฀ARTYLERYJSKIMo฀.O฀�������฀
$URING฀THE฀7ORLD฀7AR฀))฀THE฀CUMULATIVE฀EFFECT฀WAS฀USED฀IN฀MANY฀TYPES฀
OF฀ARMOUR
PIERCING฀WEAPONS�฀WHERE฀AS฀AN฀EXAMPLE฀CAN฀BE฀MENTIONED฀
HAND฀GRENADE฀LAUNCHERS�฀IN฀THE฀'ERMANY฀WITH฀THE฀NAME฀n0ANZERFAUSTo฀
AND฀IN฀THE฀53!฀n"AZOOKAo�฀-ANY฀CONSTRUCTION฀WERE฀DEVELOPED฀IN฀THE฀
'ERMANY�฀USED฀AMONG฀OTHERS฀TO฀DESTROY฀SHIPS฀OR฀SHELTERS�฀4HE฀LARGEST฀
REPRESENTATIVE฀ FROM฀ THIS฀ GROUP฀ WAS฀ THE฀ CONSTRUCTION฀ FROM฀ THE฀ 3(,฀
�3CHWERE฀(OHLLADUNG	฀SERIES฀CALLED฀"EETHOVEN฀;�=�฀)TS฀COMPOSITION฀IN


CLUDED฀HEMISPHERE฀LINER฀WITH฀THE฀DIAMETER฀����฀MILLIMETERS฀AND฀THE฀
CHARGE฀OF฀THE฀EXPLOSIVE฀HAVING฀MASS฀OF฀�฀METRIC฀TONS�฀"IRKHOFF฀;�=฀IN฀
THE฀53!฀AND฀�AWRIENTIEW฀;�=฀IN฀THE฀5332฀DEVELOPED฀BASES฀OF฀SO
CALLED฀
HYDROKINETIC฀THEORY฀OF฀DETONATION�฀4HIS฀THEORY฀ASSUMES�฀THAT฀THE฀LINER฀
MATERIAL฀DURING฀FORMATION฀OF฀THE฀JET฀BEHAVES฀AS฀THE฀LIQUID�฀AND฀BE฀MORE฀
SPECIFIC฀INCOMPRESSIBLE฀LIQUID�฀BECAUSE฀THE฀COMPRESSIBILITY฀OF฀THE฀LINER฀
IS฀BEING฀SKIPPED�฀4HIS฀ASSUMPTION฀IS฀NOT฀FULFILLED�฀BECAUSE฀IN฀THE฀COLLISION฀
AREA฀OCCURS฀HIGH฀PRESSURES฀REACHING฀UP฀TO฀���฀'0A�฀4HE฀DIRECTIONAL฀
PENETRATION฀EFFECT฀CAN฀BE฀STRENGTHENED฀BY฀THE฀APPROPRIATE฀FORMATION฀
OF฀THE฀DETONATION฀WAVE฀FRONT฀;�=�฀4HANKS฀TO฀THEORETICAL฀CONSIDERATIONS฀
AND฀EXPERIMENTAL฀RESEARCHES฀THE฀STRUCTURE฀OF฀ THE฀ JET�฀MECHANISM฀OF฀
ITS฀ FORMATION฀ ;��฀��฀�=฀ AND฀ THE฀PENETRATION฀OF฀ THE฀OBSTACLE฀ �UNIFORM฀
;�=�฀SEVERAL
LAYER฀;��=	฀WERE฀ESTABLISHED�฀4HE฀PRESSURE฀OF฀THE฀DETONA

TION฀PRODUCTS฀GRADUALLY฀DEFORMS฀AND฀DRIVES฀THE฀JET�฀)N฀THE฀RESULT฀OF฀THE฀
PRESSURE฀GROWTH฀PROCEEDS฀ THE฀PROPAGATION฀OF฀MATERIAL฀ ACCUMULATED฀
NEAR฀THE฀AXIS฀INTO฀TWO฀PARTS�฀WHICH฀MASSES฀AND฀SPEEDS฀DEPEND฀ON฀THE฀
PARAMETERS฀OF฀THE฀SHAPED฀CHARGE�฀4HE฀FIRST฀OF฀THEM฀IS฀CALLED฀THE฀SLUG฀
AND฀THE฀SECOND฀IS฀THE฀JET�
r฀ THE฀ SLUG฀ 
฀ CONTAINS฀ THE฀ LARGER฀ PART฀ OF฀ THE฀ MASS฀ OF฀ THE฀ LINER�฀ IT฀ IS฀

CREATED฀FROM฀THE฀EXTERNAL฀PART฀OF฀THE฀LINER�฀MOVES฀RELATIVELY฀SLOWLY฀
�ITS฀SPEED฀USUALLY฀DOES฀NOT฀EXCEEDS฀�฀KM�S	�

r฀ THE฀JET฀
฀IT฀IS฀ELONGATED�฀STRONGLY฀WARMED฀STREAM฀OF฀THE฀LINER฀MATE

RIAL�฀IT฀IS฀CREATED฀FROM฀ITS฀INTERNAL฀PART�฀THE฀FRONT฀OF฀THE฀JET฀ACHIEVES฀
THE฀LARGEST฀SPEED฀�
��฀THE฀KM�S�฀4HE฀SPEED฀DISTRIBUTION฀ALONG฀THE฀
JET฀CAN฀BE฀TREATED฀AS฀THE฀LINEAR฀IN฀THE฀APPROXIMATION�฀BY฀MASSES฀IT฀
IS฀��
฀��฀�฀OF฀฀LINER�

)N฀THE฀RESULT฀OF฀SHEARING฀EFFECTS฀OCCURRENCE�฀STREAM฀AND฀LINER฀TURN฀
IN฀OPPOSITE฀DIRECTIONS�฀)T฀WAS฀DISCOVERED฀IN฀THE฀RESULT฀OF฀SHAPED฀CHARGES฀
PROPERTIES฀STUDIES�฀THAT฀THE฀SPEED฀OF฀THE฀JET฀FRONT฀DIMINISHED฀WITH฀THE฀
GROWTH฀OF฀THE฀CONE฀OPENING฀ANGLE�฀&OR฀THE฀LARGE฀OPENING฀ANGLES฀�OVER฀
����฀
฀HOWEVER฀LACK฀OF฀THE฀EXACT฀BOUNDARY	฀INSTEAD฀OF฀THE฀JET฀SEVERAL฀
HIGH
ENERGY฀FRAGMENTS฀ARE฀CREATED�฀7ITH฀THE฀PROPER฀PARAMETERS฀SELEC

TION฀ALMOST฀WHOLE฀LINER฀MATERIAL฀CREATES฀THE฀UNIFORM฀BODY฀WITH฀THE฀LARGE฀
SPEED฀�
�฀KM�S฀s฀IT฀ IS฀SO
CALLED฀%XPLOSIVELY฀&ORMED฀0ROJECTILE฀
฀%&0�฀
-ANY฀STUDIES฀WERE฀LED฀UNDER฀THE฀INFLUENCE฀OF฀DIFFERENT฀PARAMETERS฀ON฀
THE฀CUMULATIVE฀EFFECT�฀BOTH฀FROM฀THE฀SIDE฀OF฀THE฀SHAPED฀CHARGE�฀AND฀ALSO฀
OBSTACLE฀;�=�฀WHICH฀SHOWED฀THE฀SHORTAGES฀IN฀THE฀HYDROKINETIC฀THEORY฀
OF฀THE฀DIRECTIONAL฀PENETRATION฀EFFECT�฀)T฀IS฀POSSIBLE฀TO฀OBTAIN฀THE฀SHAPED฀
CHARGES฀GENERATING฀STREAMS฀WITH฀THE฀SPEED฀OF฀���฀KM�S�฀AND฀THE฀POS

SIBILITY฀OF฀REACHING฀SPEED฀OF฀APPROXIMATELY฀���฀KM�S฀;��=฀IS฀FORESEEN�฀
#ALCULATION฀EQUATIONS฀WERE฀BUILT฀UP฀USING฀NEXT฀PARTS฀DESCRIBING฀INFLU

ENCE฀OF฀PARTICULAR฀FACTORS�฀$ESCRIPTION฀OF฀THESE฀ANALYTICAL฀METHODS฀CAN฀
BE฀ FOUND฀ IN฀;�=�฀4ECHNICAL฀DEVELOPMENT�฀ INTRODUCTION฀OF฀THE฀COMPU
฀
TERS�฀DEVELOPMENT฀OF฀NUMERICAL฀METHODS�฀AND฀ESPECIALLY฀PIONEER฀WORK฀
OF฀ 2ICHARD฀ #OURANT฀ AND฀ (ERBRET฀ 2OBBINS฀ n7HAT฀ IS฀ -ATHEMATICq฀ !N฀
ELEMENTARY฀APPROACH฀THIS฀IDEAS฀AND฀METHODo฀PUBLISHED฀IN฀�����฀WHICH฀

&IG�฀��฀%FFECT฀OF฀THE฀INFLUENCE฀OF฀FLAT฀CHARGE฀�A	�฀WITH฀HOLLOW฀�B	฀AND฀
WITH฀HOLLOW฀AND฀LINER฀�C	

&IG�฀��฀0ICTURE฀OF฀SLUG฀��	฀AND฀JET฀��	
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DESCRIBES฀THE฀FINITE฀ELEMENT฀METHOD�฀THAT฀CAUSED฀COMPLICATED฀CALCU

LATIONS฀BECOME฀EASIER�฀$EVELOPMENT฀OF฀ THIS฀METHOD�฀WHICH฀WAS฀NOT฀
ONLY฀MATHEMATICIANS฀CONTRIBUTION�฀CAUSED฀THAT฀THE฀LARGE฀QUANTITY฀OF฀THE฀
SCIENTIFIC฀WORKS฀IS฀PUBLISHED�฀WHERE฀SMALLER฀OR฀LARGER฀DEGREE฀COMPUTER฀
MODELING฀ IS฀ USED�฀!T฀PRESENT฀EXCEPT฀ THE฀ FINITE฀ ELEMENT฀METHOD฀ARE฀
ALSO฀APPLIED฀DIFFERENT฀NUMERICAL฀MODELING฀METHODS�฀%VEN฀THOUGH฀THE฀
PHENOMENON฀OF฀THE฀CUMULATION฀IS฀ALREADY฀WELL
KNOWN฀FROM฀LONG฀TIME฀
AGO�฀THE฀FIRST฀WORK�฀WHICH฀RELATED฀TO฀THIS฀MODELING฀APPEARED฀IN฀����฀
;��=�฀7ITH฀THE฀TECHNICAL฀PROGRESS฀COMPUTERS฀MADE฀POSSIBLE฀TO฀SOLVE฀
MORE฀AND฀MORE฀฀COMPLICATED฀MODELS�฀4HE฀PROBLEM฀OF฀JET฀GENERATION฀
FROM฀THE฀SHAPED฀CHARGE฀CAN฀BE฀ALSO฀MODELED฀BY฀THE฀USE฀OF฀ADEQUATE฀
COMPUTER฀ CODES�฀ 4HE฀ PHENOMENON฀ OF฀ THE฀ DIRECTIONAL฀ PENETRATION฀
EFFECT฀BELONGS฀TO฀QUICKLY฀CHANGING฀DYNAMIC฀ INTERACTIONS�฀"EHAVIOR฀OF฀
MATERIALS฀DURING฀THE฀SIMULATION฀DESCRIBE฀SUITABLE฀MODELS�฀AND฀THE฀BASIC฀
MODEL฀FOR฀METALS฀IN฀THE฀CONDITIONS฀OF฀STRONG฀DYNAMIC฀LOADS฀IS฀THE฀MODEL฀
OF฀ELASTIC�VISCOPLASTICITY฀BODY�฀4HE฀MATHEMATICAL
PHYSICAL฀MODEL฀OF฀THIS฀
PHENOMENON฀IS฀BASED฀ON฀THE฀EQUATIONS฀OF฀THE฀CONTINUOUS฀CENTERS฀�THE฀
BEHAVIOR฀ LAWS�฀ *OHNSON
#OOK฀ CONSTITUTION฀ MODEL฀ OR฀ ALSO฀ 3TEINBERG

'UINAN฀EQUATIONS฀OF฀THE฀STATE฀FOR฀SOLIDS฀AND฀HYDROKINETIC฀MODEL฀OF฀THE฀
SOLID฀EXPLOSIVE฀DETONATION฀PRODUCTS	�฀!MONG฀THE฀METHODS�฀WHICH฀CAN฀
BE฀HELPFUL฀IN฀MODELING฀OF฀THE฀GIVEN฀PHENOMENA฀CAN฀BE฀MENTIONED�
r฀ THE฀,AGRANGE฀METHOD�
r฀ THE฀%ULER฀METHOD�
r฀ THE฀,AGRANGE
%ULER฀METHOD�
r฀ THE฀3MOOTH฀0ARTICLE฀(YDRODYNAMIC฀METHOD�
r฀ THE฀&INITE฀%LEMENT฀-ETHOD�
r฀ THE฀&REE฀0OINTS฀-ETHOD�

4HE฀,AGRANGE฀METHOD
)N฀THIS฀METHOD�฀TIME฀AND฀THE฀NAME฀TAGS฀OF฀THE฀MEDIUM฀ELEMENTS�฀

ARE฀THE฀INDEPENDENT฀VARIABLES�฀4HE฀SPATIAL฀MESH฀WHICH฀COVERS฀STUDIED฀
BODY฀ �CREATING฀ CELLS	�฀ MOVES฀ AND฀ DEFORMS฀ TOGETHER฀ WITH฀ IT฀ ;��
��=�฀
4HERE฀ IS฀NO฀ TRANSPORTATION฀OF฀ THE฀MASS฀BY฀ THE฀ SPATIAL฀BOUNDARIES฀OF฀
CELLS�฀4HE฀EASY฀APPROXIMATION฀OF฀BOUNDARY฀CONDITIONS฀IS฀THE฀ADVANTAGE฀
OF฀THIS฀METHOD�฀(OWEVER฀THE฀BASIC฀DISADVANTAGE฀IS฀THE฀FACT�฀THAT฀THE฀
NUMERIC฀MESH฀WHILE฀PHENOMENA฀MODELING฀WITH฀A฀LARGE฀DEFORMATIONS฀
UNDERGOES฀THE฀CONSIDERABLE฀DEFORMATION�฀FOR฀EVEN฀SO
CALLED฀PATHOLOGI

CAL฀DEFORMATION�฀FOR฀WHICH฀FURTHER฀CALCULATIONS฀DO฀NOT฀HAVE฀THE฀PHYSICAL฀
SENSE�฀/NE฀OF฀THE฀WAYS฀OF฀DEALING฀WITH฀THE฀PROBLEM฀IS฀RECONSTRUCTION฀
OF฀THE฀MESH฀�FORM฀TIME฀TO฀TIME	฀DURING฀THE฀ANALYSIS฀�SO
CALLED฀ADAPTIVE฀
MESHING	฀;��
��=�฀LEADING฀TO฀THE฀IMPROVEMENT฀OF฀ITS฀REGULARITY�฀3UCH฀A฀
RECONSTRUCTION฀IS฀COMPLICATED฀AND฀CAN฀LEAD฀TO฀THE฀LOSS฀OF฀CALCULATIONS฀
PRECISION�

4HE฀%ULER฀METHOD
4HE฀METHOD฀BASES฀ON฀CREATING฀THE฀IMMOBILE�฀NOT฀NECESSARILY฀REGU


LAR฀SPATIAL฀MESH฀COVERING฀THE฀AREA฀SUBJECTED฀TO฀THE฀ANALYSIS฀;��
��=�฀
)N฀ THIS฀ METHOD฀ STUDIED฀ BODY฀ MOVES฀ ON฀ THE฀ BACKGROUND฀ OF฀ THE฀ IM

MOBILE฀MESH�฀%XCEPT฀ THE฀MESH฀ APPROXIMATION฀ LINES฀OF฀ ฀ CONSIDERED฀
AREA฀BOUNDARIES฀ARE฀INTRODUCED�฀4HE฀BOUNDARIES฀OF฀THE฀STUDIED฀BODY฀
DURING฀MOVEMENT฀CREATE฀THE฀IRREGULAR฀CELLS�฀WHICH฀SHAPE฀CHANGES฀IN฀
THE฀TIME�฀4HE฀ADVANTAGE฀OF฀THIS฀METHOD฀IS฀OBTAINING฀BETTER฀RESULTS฀IN฀
THE฀CASE฀OF฀ THE฀PHENOMENA�฀WHICH฀ARE฀ACCOMPANIED฀BY฀ THE฀ STRONG฀
DEFORMATION�฀(OWEVER�฀THE฀DISADVANTAGES฀ARE฀THE฀DIFFICULTY฀DURING฀฀EN

ERGY฀STREAMS�฀MASS฀AND฀MOMENTUM฀CALCULATIONS�฀AND฀ALSO฀THE฀NEED฀FOR฀
APPLYING฀COMPLICATED฀ALGORITHMS�฀5SUALLY฀THE฀COMPUTATIONAL฀PROCESS฀
DIVIDES฀ON฀SEVERAL฀ STEPS�฀CONSISTING฀ IN�฀ THAT฀ THE฀GIVEN฀STREAM฀ IS฀ FIRST฀
CALCULATED฀IN฀THE฀APPROXIMATED฀WAY�฀AND฀THEN฀IS฀CORRECTED฀DEPENDING฀
ON฀ THE฀NUMBER฀OF฀ APPROXIMATION฀ STEPS�฀4HE฀DEGREE฀OF฀ CALCULATIONS฀
COMPLEXITY฀GROWS฀UP�

4HE฀,AGRANGE
%ULER฀METHOD฀
)T฀IS฀THE฀BUILDING฀OF฀ALGORITHMS�฀WHICH฀AIM฀IS฀THE฀POSSIBILITY฀OF฀BOTH฀

KINDS฀OF฀ELEMENTS฀USAGE฀;��
��=�฀#ONNECTING฀THESE฀METHODS฀VERY฀LARGE฀

NUMBER฀OF฀ALGORITHMS฀CAN฀BE฀OBTAINED�฀)N฀THIS฀GROUP฀OF฀METHODS฀ARE฀
DISTINGUISHED�฀AMONG฀OTHERS�฀FOLLOWING฀GROUPS฀OF฀ALGORITHMS�

A	฀ THE฀ ALGORITHMS�฀ IN฀WHICH฀ THE฀ AREA฀ SUBJECTED฀ TO฀ THE฀ ANALYSIS฀ IS฀
BEING฀COVERED฀BY฀THE฀MOTIONLESS฀%ULER฀MESH�฀WHEREAS฀THE฀MEDIUM฀IS฀
TREATED฀AS฀THE฀GROUP฀OF฀MOVABLE฀PARTICLES�฀THAT฀IS฀THE฀,AGRANGE฀MESH฀
MOVING฀ THROUGH฀ THE฀MESH฀EYES฀OF฀ THE฀%ULER฀MESH�฀4HE฀%ULER฀MESH฀
SERVES฀ FOR฀ THE฀ FIELD฀ PARAMETERS฀ QUALIFICATION�฀ WHEREAS฀ THE฀ ,AGRANGE฀
MESH฀ SERVES฀ FOR฀ MEDIUM฀ PARAMETERS฀ QUALIFICATION�฀ #ALCULATIONS฀ ARE฀
FIRST฀LED฀FOR฀THE฀MOVABLE฀MESH�฀AND฀THEN฀PARAMETERS฀OF฀THE฀MOTIONLESS฀
MESH฀ARE฀CALCULATED�฀!S฀AN฀EXAMPLES฀OF฀SUCH฀METHODS฀CAN฀BE฀LISTED�
r฀ 0ARTICLE฀)N฀#ELL฀METHOD฀
฀THE฀METHOD฀ALLOWS฀TO฀MODEL฀ANY฀LARGE฀DE


FORMATIONS฀OF฀THE฀MEDIUM฀AND฀THE฀COMPLEX฀MOVES฀OF฀THE฀MULTIPLE฀
MEDIUMS�

r฀ 4HE฀LARGE฀PARTICLES฀METHOD฀
฀INSTEAD฀OF฀DISCREET฀PARTICLES฀SET฀�AS฀IT฀
HAS฀PLACES฀IN฀THE฀METHOD฀OF฀0)#	�฀MASS฀IN฀%ULER฀CELL฀IS฀CONSIDERED฀
AS฀THE฀WHOLE�
B	฀ALGORITHMS�฀IN฀WHICH฀MEDIUM฀INTERIOR฀IS฀DESCRIBED฀AS฀IN฀THE฀%ULER฀

METHOD�฀HOWEVER฀BODIES฀BOUNDARIES฀OF฀THE฀FREE฀BODIES฀SURFACES฀ARE฀
DESCRIBED฀AS฀IN฀THE฀,AGRANGE฀METHOD�฀4HE฀USE฀OF฀THIS฀METHOD฀LEADS฀TO฀
SIGNIFICANT฀COMPLEXITY฀OF฀COMPUTATIONAL฀ALGORITHMS�฀BUT฀BETTER฀DESCRIP

TION฀OF฀THE฀MEDIUM฀BOUNDARIES฀IS฀POSSIBLE�฀BEHAVIOR฀IN฀CELLS�฀EVEN฀WITH฀
A฀SIGNIFICANT฀DEFORMATION฀OF฀ THE฀MEDIUM�฀"Y฀ THE฀USE฀OF฀ THIS฀METHOD฀
WERE฀MODELED฀CONSTRUCTED฀AND฀SUBJECTED฀TO฀GROUND฀TESTING฀฀CUMULA

TIVE฀SHAPED฀CHARGES฀WITH฀THE฀MASS฀���฀KG฀����฀KG฀OF฀EXPLOSIVE�฀WHILE฀
THE฀COPPER฀LINER฀HAD฀THE฀MASS฀OF฀��฀KG	฀;��=�

3MOOTH฀0ARTICLE฀(YDRODYNAMIC฀METHOD฀
฀30(
4HE฀METHOD฀WAS฀WORKED฀OUT฀INITIALLY฀TO฀SIMULATE฀LIQUIDS฀DYNAMICS฀

IN฀ASTROPHYSICS�฀3WEGLE฀MADE฀HER฀USEFUL฀FOR฀SIMULATING฀THE฀PHENOMENA฀
OF฀EXPLOSION฀;��=�฀)N฀THIS฀METHOD฀BODY฀IS฀DIVIDED฀INTO฀SUB
REGIONS�฀AND฀
THEN฀ EVERY฀ ONE฀ OF฀ THEM฀ IS฀ REPLACED฀ BY฀ MATERIAL฀ PARTICLE�฀ DESCRIBED฀
AMONG฀OTHERS฀BY฀THE฀POSITION฀VECTOR฀AND฀MASS�฀0ARTICLES฀INTERACT฀BE

TWEEN฀THEMSELVES�฀AND฀ITS฀RANGE฀DEFINES฀THE฀PARAMETER฀OF฀SMOOTHING฀
OUT�฀WHICH฀DECIDES฀ABOUT฀THEIR฀NUMBER�฀4HE฀BIGGER฀SMOOTHING฀PARAME

TER฀THE฀MORE฀PARTICLES฀BETWEEN฀THEMSELVES�฀WHAT฀IMPROVES฀THE฀PATTERN฀
STABILITY�฀BUT฀THE฀TIME฀OF฀CALCULATIONS฀EXTENDS�฀#HANGES฀OF฀THE฀PHYSICAL฀
SIZES฀OF฀ THE฀GIVEN฀PARTICLE฀ARE฀OBTAINED฀ IN฀ THE฀RESULT฀OF฀ SUMMING฀UP฀
THE฀EFFECTS฀OF฀SURROUNDING฀PARTICLES฀INFLUENCE฀ON฀IT฀WITH฀WEIGHTS฀DETER

MINED฀BY฀THE฀USE฀OF฀FUNCTION฀�SO
CALLED฀CORE�฀THE฀FUNCTION฀IS฀DEPENDENT฀
AMONG฀OTHERS฀FROM฀THE฀PARAMETER฀OF฀SMOOTHING฀OUT	฀IN฀THE฀POINT฀OF฀
GIVEN฀PARTICLE฀POSITION�฀4O฀THE฀ADVANTAGES฀OF฀THIS฀METHOD฀CAN฀BE฀LISTED฀
THE฀EASINESS฀OF฀SIMULATION฀OF฀BODIES฀WITH฀COMPLICATED฀SHAPES฀AND฀GOOD฀
STABILITY฀OF฀THE฀METHOD�฀4O฀THE฀DISADVANTAGES฀BELONG�฀AMONG฀OTHERS�฀
DIFFICULTY฀OF฀FUNCTION฀�CORE	฀AND฀PARAMETER฀OF฀SMOOTHING฀OUT฀SELECTION�฀
5SING฀THIS฀METHOD฀WERE฀TESTED฀CHARGES฀WITH฀VARIOUS฀DIMENSIONS฀;���฀
��
��=�฀!LSO฀KNOWN฀IS฀THE฀METHOD฀-30(฀
฀-ULTI
0HASE฀30(฀
฀WHICH฀
IMPROVES฀COMPUTATIONAL฀STABILITY฀AND฀ALLOWS฀BETTER฀SEIZING฀OF฀JET฀CRE

ATION฀PROCESS฀;��=�

!UTHORS฀OF฀THE฀WORK฀;��=฀INTRODUCED฀EXEMPLARY฀RESULTS฀OF฀THE฀JET฀
FORMING฀PROCESS฀BY฀THE฀USE฀OF฀SHAPED฀CHARGE฀WITH฀HEMISPHERIC฀LINER�฀
AND฀ THEN฀ COMPARED฀ IT฀ WITH฀ EXPERIMENTAL฀ RESULTS฀ TAKEN฀ FROM฀ WORKS฀
;��
��=�฀WHAT฀ALLOWED฀THEM฀TO฀EVALUATE฀APPLIED฀BY฀THEM฀FREE฀POINTS฀
METHOD�฀ &OLLOWING฀ GEOMETRICAL฀ AND฀ MATERIAL฀ PARAMETERS฀ WERE฀ AS

SUMED฀;��=�
r฀ EXPLOSIVE฀�OCTOL฀�����	�฀DENSITY฀ �฀�฀����฀G฀�฀CM��฀DIAMETER฀3,฀�฀

�����฀CM฀AND฀HEIGHT฀(,฀�฀���฀CM�
r฀ THE฀ COPPER฀ LINER�฀ DIAMETER฀ 3W฀ �฀ ����฀ CM฀ AND฀ THICKNESS฀฀

'W฀�฀�����฀CM�
2ESULTS฀OF฀NUMERICAL฀ANALYSIS฀ARE฀PRESENTED฀IN฀&IG�฀��

4HE฀ TIME฀ T฀�฀�฀ IS฀ THE฀MOMENT฀OF฀ THE฀ CHARGE฀ INITIATION�฀/N฀ THE฀
BELOW฀FIGURE฀ARE฀COMPARED฀RESULTS฀RECEIVED฀BY฀THE฀FREE฀POINT฀METHOD฀
�A	฀WITH฀THE฀RESULTS฀FROM฀THE฀,AGRANGE฀METHOD฀
฀0)#฀�B	�฀4HE฀NUMERICAL฀
ANALYSIS฀IN฀THE฀WORK฀;��=฀WAS฀DIVIDED฀INTO฀TWO฀STAGES�

5NTIL฀T฀�฀��฀�S฀CALCULATION฀WERE฀MADE฀WITH฀THE฀ASSISTANCE฀OF฀THE฀
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NUMERICAL฀CODE฀BASED฀ON฀THE฀,AGRANGE฀METHOD�฀WHILE฀THE฀NEXT฀PHASES฀
WERE฀ MODELED฀ IN฀ %ULER฀ COORDINATES฀ WITH฀ THE฀ ASSISTANCE฀ OF฀ THE฀ 0)#฀
METHOD�฀)T฀WAS฀ALSO฀COMPARED�฀AMONG฀OTHERS฀THE฀JET฀FRONT฀SPEED฀AND฀
THE฀DEPENDENCE฀OF฀MASS฀CONTAINED฀IN฀THE฀JET฀WITH฀RESPECT฀TO฀ITS฀MASS฀
SPEED�฀2ESULTS฀OBTAINED฀FOR฀THE฀DISTRIBUTION฀OF฀JET฀PARTICLES฀MASS฀SPEED฀
AS฀THE฀FUNCTION฀OF฀THEIR฀POSITION฀WITH฀RESPECT฀TO฀THE฀ASSUMED฀AXIS฀ARE฀
BURDENED฀WITH฀SMALLER฀FLUCTUATIONS�

)T฀WAS฀PROVED�฀THAT฀PROPOSED฀PHYSICAL฀MODEL฀AND฀BUILT฀COMPUTER฀
CODE฀ASSURE฀THE฀SUITABLE฀EXACTNESS฀OF฀MODELING฀RESULTS�฀-OREOVER�฀THE฀
PROBLEM฀OF฀MODELING฀SHAPED฀CHARGES฀WAS฀WIDELY฀DISCUSSED฀IN฀THE฀WORK฀
;��=�

4HE฀&INITE฀%LEMENT฀-ETHOD
"UILT฀MODEL฀ IS฀ TREATED฀ AS฀ THE฀MATERIAL฀ CONTINUUM�฀WHICH฀DIVIDES฀

INTO฀THE฀FINITE฀QUANTITY฀OF฀ELEMENTS฀WITH฀FINITE฀DIMENSIONS฀;���฀��=�฀4HE฀
MODEL฀ IS฀ COVERED฀WITH฀ THE฀ELEMENTS฀MESH�฀ TO฀WHICH฀BELONG฀CERTAIN฀
QUANTITY฀OF฀NODES�฀THAT฀IS฀POINTS฀WITH฀SPECIFIC฀COORDINATES฀IN฀SPACE฀WITH฀
THE฀DEFINED฀DEGREES฀OF฀FREEDOM฀AND฀PHYSICAL฀INFLUENCES฀ON฀SURROUND

ING�฀%VERY฀ELEMENT�฀FROM฀THE฀MATHEMATICAL฀POINT฀OF฀VIEW�฀IS฀A฀MATRIX฀
OF฀VALUES฀DEPENDENT฀AMONG฀THE฀NODES฀DEGREES฀OF฀FREEDOM฀BELONGING฀
TO฀THE฀ELEMENT�฀4HE฀METHOD฀APPLIED฀FOR฀SHAPED฀CHARGES฀MODELING฀IS฀
SO
CALLED฀!RBITRARY฀,AGRANGIAN฀%ULERIAN฀METHOD
฀COUPLING฀OF฀ THE฀,A

GRANGE฀ METHOD฀ WITH฀ THE฀ %ULER฀ METHOD�฀ 4HIS฀ PROCEDURE฀ CONSISTS฀ OF฀
TWO฀FOLLOWING฀ONE฀AFTER฀ANOTHER฀STEPS�฀THE฀MAPPING฀STEP฀AND฀ADVECTION฀
STEP�฀4HE฀ADVANTAGE฀OF฀USING฀OF฀ THIS฀METHOD฀ IS฀ THE฀ASSURANCE฀OF฀ THE฀
SOLID฀TOPOLOGY฀OF฀THE฀&%-฀MESH�฀HOWEVER฀THE฀RANGE฀OF฀THE฀PROBLEMS�฀
WHICH฀CAN฀BE฀MODELED฀WITH฀THE฀AID฀OF฀THE฀!,%฀PROCEDURE฀DEPENDS฀ON฀
THE฀DEGREE฀OF฀ALGORITHMS฀RESPONSIBLE฀FOR฀SMOOTHING฀OUT฀THE฀&%-฀MESH฀
COMPLICITY฀;��=�

4HE฀&REE฀0OINTS฀-ETHOD
)N฀THIS฀METHOD�฀BUILT฀MODEL฀IS฀COVERED฀WITH฀THE฀MESH฀OF฀MATERIAL฀

POINTS฀ WITH฀ APPROPRIATE฀ DENSIFICATION�฀ 0ROPERLY฀ CHOSEN�฀ IN฀ THE฀ INITIAL฀
MOMENT�฀MATERIAL฀POINTS฀MOVE฀ TOGETHER฀WITH฀ THE฀MEDIUM�฀4HE฀NU

MERICAL฀ SOLUTION฀ CONSISTS฀ IN฀DETERMINATION฀OF฀ THE฀NEXT฀POSITIONS฀ AND฀
DEPENDENT฀VALUES฀IN฀THESE฀POINTS�฀4HEY฀CAN฀FREELY฀CHANGE฀THEIRS฀POSI

TION฀AT฀WITH฀RESPECT฀TO฀EACH฀OTHER�฀-OTION฀AND฀THE฀MEDIUM฀PARAMETERS฀
IN฀EVERY฀POINT฀ARE฀DETERMINED฀FROM฀THE฀PROBLEM฀EQUATIONS�฀BASING฀ON฀
NEAREST฀NEIGHBORING฀POINTS฀PARAMETERS�฀4HANKS฀TO฀THIS�฀ONE฀CAN฀MODEL฀
FREELY฀LARGE฀DEFORMATIONS฀OF฀THE฀MEDIUM฀;���฀��=�฀

!PPLYING฀THIS฀THE฀METHOD�฀BY฀THE฀USE฀OF฀PHYSICAL
NUMERICAL฀MODEL฀
IN฀THE฀FORM฀OF฀COMPUTER฀CODES฀DEVELOPED฀BY฀THE฀7!4฀TEAM฀UNDER฀THE฀
SUPERVISION฀OF฀THE฀#HARLES฀*ACH�฀0ROF�฀;��=�฀WAS฀LED฀THE฀TESTS฀OF฀SHAPED฀
CHARGES฀USED฀FOR฀PERFORATION฀OF฀PRODUCTION฀WELLS฀AND฀OPTIMIZATION฀OF฀
THEIR฀CONSTRUCTIONS฀;��
��=�฀-ODELED฀ELEMENTS�฀RELATED฀TO฀SHAPED฀ARE฀
AS฀FOLLOWS฀;��=�
r฀ THE฀ LINER฀ 
฀ ADEQUATE฀MASS�฀ THICKNESS�฀ SHAPE�฀GEOMETRICAL฀DIMEN


SIONS�฀MATERIAL฀TYPE฀AND฀ITS฀STRUCTURE฀;��=฀HAVE฀BEEN฀STUDIED฀AND฀
OPTIMIZED฀YEARS฀FOR฀YEARS�฀,INER฀APPLIED฀TO฀THE฀PRODUCTION฀WELLS฀
PERFORATION฀SHOULD฀BE฀CHARACTERIZED฀BY฀DISCONTINUOUS฀JET฀STRUCTU

RE�฀WHICH฀ENABLES฀FORMATION฀OF฀COMPACT฀SLUG�฀MAKING฀ABLE฀TO฀PLUG฀
THE฀HOLLOW฀ FORMED฀BY฀ SHAPED฀ CHARGE�฀ AT฀ THE฀ SAME฀ TIME฀MAKING฀
DIFFICULT�฀AND฀EVEN฀BLOCKING฀THE฀FREE฀MEDIUM฀OUTFLOW฀FROM฀THE฀DE

POSIT�฀&ROM฀STUDIES฀;��=฀CAN฀BE฀CONCLUDED�฀THAT฀LINERS฀MADE฀BY฀THE฀
POWDERS฀PRESSING฀TECHNIQUE฀POSSESS฀THESE฀PROPERTIES฀AND฀DO฀NOT฀
PLUG฀FORMED฀CRATER�

r฀ THE฀EXPLOSIVE฀
฀SHOULD฀POSSESS฀THE฀HIGH฀DETONATION฀SPEED�฀WHAT฀HAS฀
THE฀DIRECT฀TRANSFER฀TO฀THE฀DETONATION฀PRESSURE�

r฀ THE฀CASING�
$URING฀DESIGNING฀OF฀SHAPED฀CHARGES฀USED฀FOR฀THESE฀AIMS฀SHOULD฀BE฀CON


SIDERED฀ADDITIONAL฀FACTORS�฀SUCH฀AS�
r฀ TEMPERATURE฀AND฀PRESSURE฀ IN฀ THE฀PRODUCTION฀WELL฀ 
฀ IMPOSES฀AD


DITIONAL฀REQUIREMENTS฀CONCERNING฀CHARGE฀RESISTANCE฀TO฀HIGH฀TEM

PERATURE฀AND฀PRESSURE�

r฀ GEOMETRICAL฀ RESTRICTIONS฀ 
฀ THEY฀ ARE฀ CONNECTED฀ BOTH฀ WITH฀ THE฀
DIAMETER฀OF฀THE฀PRODUCTION฀WELL฀�THE฀OVERALL฀DIMENSIONS฀OF฀CHARGE฀
ARE฀IN฀THE฀AVERAGE฀FROM฀��฀TO฀��฀MM	�฀AND฀ALSO฀REQUIRED฀PERFORA

TION฀THICKNESS�฀

r฀ PARAMETERS฀OF฀DEPOSIT฀ROCK฀
฀HAVING฀DIRECT฀TRANSFER�฀BOTH฀ON฀THE฀
DEPTH฀OF฀THE฀PERFORATION฀AND฀ALSO฀TO฀THE฀OUTLET฀HOLE�฀AND฀CREATED฀
CRATER฀SHAPE�฀#ARRIED฀OUT฀EXPERIMENTAL฀VERIFICATION฀OF฀THE฀THEORETI

CAL฀MODEL฀;���฀��=฀OF฀THE฀JET฀FORMATION฀PROCESS฀;��=฀STATES�฀THAT฀THE฀
MODEL฀DOES฀NOT฀REPRESENT฀EXACTLY฀THE฀FINAL฀PART฀OF฀SLUG฀FORMATION฀
PROCESS�฀4HIS฀RESULTS฀FORM฀NOT฀TAKING฀INTO฀CONSIDERATION฀IN฀THE฀THE

ORETICAL฀MODEL฀THE฀CONVERGENCE฀EFFECTS฀OF฀DETONATION฀WAVE฀WITH฀
THE฀CHARGE฀AXIS�฀OCCURRING฀IN฀THE฀SURROUNDINGS฀OF฀THE฀LINER฀TOP�

3UMMARY
#OMPUTER฀MODELING฀IS฀USUALLY฀CHEAPER�฀THAN฀PROPER฀EXPERIMENTAL฀

RESEARCHES�฀ENABLES฀DETAILED฀TRACKING฀OF฀OCCURRING฀PHENOMENA�฀WHAT฀
ALLOWS฀UNDERSTANDING฀OF฀THE฀INTRICATE฀PROBLEM฀NATURE�฀)T฀ALLOWS฀FOR฀THE฀
EXPERIMENTAL฀STUDIES฀LIMITATION�฀WHICH฀ARE฀EXPENSIVE�฀TIME
CONSUMING฀
AND฀DANGEROUS�฀4HEORY฀AND฀SIMULATION฀ARE฀JOINED฀BY฀CONDUCTED฀EXPERI

MENTS�฀)S฀NOT฀POSSIBLE฀TO฀RUN฀COMPUTER฀SIMULATION฀WITHOUT฀ADEQUATE฀
THEORETICAL฀KNOWLEDGE�฀WHICH฀SHOULD฀BE฀CONFIRMED฀BY฀EXPERIMENTAL฀
STUDIES�

,ITERATURE
��฀ 7ALTERS฀7�฀0��฀:UKAS฀*�฀!��฀&UNDAMENTALS฀OF฀SHAPED฀CHARGES�฀!�฀7ILEY
)NTER


SCIENCE฀0UBLICATION�฀�����
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MYyLE�฀-/.�฀�����฀���
��฀ "IRKHOFF฀'��฀-AC$OUGALL฀$��฀0UGH฀%��฀4AYLOR฀'��฀%XPLOSIVES฀WITH฀LINED฀CAVI


TIES�฀*�฀!PPL�฀0HYS�฀�����฀���฀�����s����

&IG�฀��฀0ROCESS฀OF฀JET฀GENERATION฀A	฀OUTLINE฀OF฀JET฀CALCULATED฀BY฀FREE฀
POINTS฀METHOD�฀B	฀RESULTS฀BY฀,AGRANGE฀METHOD฀
฀0)#฀;��=
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STOSUNKOWO฀DU�EJ฀PRÇDKOyCI�฀"IULETYN฀7OJSKOWEJ฀!KADEMII฀4ECHNICZNEJ�฀
�����฀�����	�฀���
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�����

���฀ 0RACA฀ZBIOROWA฀POD฀RED�฀*ACHA฀+��฀+OMPUTEROWE฀MODELOWANIE฀ODDZIA�Y

WANIA฀CIA�฀METOD�฀PUNKTÐW฀SWOBODNYCH�฀07.�฀�����

���฀ ,EE฀7�(��฀#OMPUTER฀SIMULATION฀OF฀SHAPED฀CHARGE฀PROBLEMS�฀7ORLD฀3CIEN
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7ARSZAWA�
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����

���฀ (UERTA฀-��฀6IGIL฀-�'��฀$ESIGN�฀ ANALYSES�฀ AND฀ FIELD฀ TEST฀OF฀ A฀ ���M฀CONICAL฀
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�����

���฀ 3WEGLE฀*�฀7��฀!TTAWAY฀3�฀7�฀/N฀THE฀FEASIBILITY฀OF฀USING฀SMOOTHED฀PARTICLE฀
HYDRODYNAMICS฀FOR฀UNDERWATER฀EXPLOSION฀CALCULATIONS�฀#OMPUTATIONAL฀-E
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����

���฀ ,IU฀-�฀"��฀,IU฀'�฀2��฀:ONG฀:��฀,AM฀+�฀9��฀#OMPUTER฀SIMULATION฀OF฀HIGH฀EX

PLOSIVE฀ EXPLOSION฀ USING฀ SMOOTHED฀ PARTICLE฀ HYDRODYNAMICS฀ METHODOLOGY�฀
#OMPUTERS฀AND฀&LUIDS�฀�����฀���฀��฀���
����

���฀ ,IU฀-�฀"��฀,IU฀'�฀2��฀:ONG฀:��฀,AM฀+�฀9��฀-ESHFREE฀PARTICLE฀SIMULATION฀OF฀
THE฀DETONATION฀PROCESS฀FOR฀HIGH฀EXPLOSIVES฀IN฀SHAPED฀CHARGE฀UNLINED฀CAVITY฀
CONFIGURATIONS�฀3HOCK฀7AVES�฀�����฀���฀��฀���
����

���฀ (ONGFU฀1��฀+UNPENG฀7��฀7EIRAN฀'��฀.UMERICAL฀SIMULATION฀OF฀SHAPED฀CHARGE฀
JET฀USING฀MULTI
PHASE฀30(฀METHOD�฀4RANSACTIONS฀OF฀4IANJIN฀5NIVERSITY�฀�����฀
���฀��฀���
����

���฀ ,EE฀ 7�฀ (��฀ +WAK฀ $��฀ %LASTIC฀ s฀ PLASTIC฀ FLOW฀ USING฀ OPERATOR฀ SPLITTING฀ AND฀
APRTICLE
IN
CELL฀METHOD฀IN฀A฀TWO
DIMENSIONAL฀%ULERIAN฀HYDRODYNAMIC฀CODE�฀
2EPORT฀,!
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