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Przypomnienie dla elementu CST w stanie PSN

funkcje ksztattu = znormalizowane pola:

_Az(xy) 1
N3(x,y) = Y (az+ bzx + c3y)
e e
gdZie: Ay = X3Y3 — X3Y2 ; Ay = X3Y1 — X1Y3 az = X1y — X2)1 a; = XYk — X Yj
by =y, —y3 ; b=y —w ;o bz=y1 =y » bi =y — Yk
€1 = X3 — X3 ; Cr = X1 — X3 ; C3= Xy — X1 Ci = X — X;

b, 0 b, 0 bs; O

i 1 :

! [B] = 24 0 ¢ 0 ¢ 0 c3f! lokalna macierz sztywnosci elementu:
: ¢lcs by ¢z by c¢3 bsl o SR !
SN o P ' [kle = Aot [BIT[D][B]
: e 1 v 0 : I 6x6 6x3 3x3 3x6 |
' (1 — I macierz

: 3x3 b 2 (1 V) : konstytutywna dla PSN:




Przemieszczenia w punkcie P na granicy elementow

UX displacement

1 -0.00195 |

MN FLOT NO. 1
NODAL SOLUTION
STEFP=1
SUB =1
TIME=1
Ux (AVGE)
REYS5=0
PowerGraphics
EFACET=1
AVRES=Mat
DMX =.038165
SMN =-.007784
-.007784
-.00651%
-.006054
-.00518¢%
-.004324
.00346
-.002595
-.00173
-.86LE-03

BLDRECEN

UY displacement

PLOT MNO. 2
WODAL SOLUTION

Uy (AVG)

PowerGraphics
EFACET=1
AVRES=Mat
DMX =.038165
=.038165
0
.004241
.008481
012722
.016962
021203
.025444
.029684
.033925
.038165

B0UDRE0NN =




Odksztatcenia w punkcie P na granicy elementéw
-0.000155682

€,=| 0.000477066

-0.000155183

_P_LQI Qe - - - o
NODAL SOLUTION

)
SUB = SUB =1
TIME=1 TIME=1
EPELX (NOAVG) EPELX (BVG)
RSYS=0 RSYS=0
PowerGraphics PowerGraphics
EFACET=1 EFACET=1
DMX =.033165 AVRES=Mat
SMN =-.156E-03 DMX =.038165
SMX =-.130E-03 SMN =-.156E-03
_.156E-03 SMX =-.130E-03
B 55 s . 156E-03
B _ i505-03 s
1 _ 147E-03 B _ i508-03
O . 144m-03 1 _.1478-03
B _ 1418-03 O _ 1448-03
1 1398-03 B0 _ 141E-03
L1 _.136E-03 1 _.139E-03
L . 1338-03 C 1 _.1368-03
B 50503 L1 . 1338-03
B _ 50503

-0.000130032

€,=| 0.000380077

-1.60313E-05




Odksztatcenia w punkcie P na granicy elementéw

. -0.000155682
8y strain t
X 82= 0.000477066
>4
-0.000155183
Fe = = = e e e = == M __PJ_IQI]—‘_NQ!——]-?J———
1
Lglﬁgg?_T_sio_LyT_IPTf; NODAL SOLUTION !
SUE -1 TTSTEF=S1IT T T T T T T
TIME=1 g[i]l\]?lEil
EPELY (NOAVG) EPELY (AVG)
REYS=0 RSYS=0
PowerGraphics PowerGraphics
EFACET=1 EFACET=1
DMK =.038165 AVRES=Mat
SMN =.380E-03 DM¥ =.0383165
SM¥ =.477E-03 SMN =.380E—03
. 380E-03 SMX =.477E-03
B - s 380E-03
B 0E-03 B o
[ B 402503
[ 0 412E-03
B 454E-03 0 4238-03
C1 . 445E-03 B 4545-03
C1 . 4seE-03 1 4458-03
. 466E-03 L] . 456E-03
B s 05 0 i6em-03
B 503

-0.000130032

€,=010.000380077

-1.60313E-05




Odksztatcenia w punkcie P na granicy elementéw

-0.000130032

El—\

0.000380077

\
-1.60313E-05

-0.000155682

£,=| 0.000477066

_-0.000155183
LEMENT SOLUTION '

CESTEF=1IT T T T T

SUB =

TIME=1

EPELXEY (NOAVG)

RSYS=0

PowerGraphics

EFACET=1

DM¥ =.038165

SMN =-.155E-03
SM¥ =-.160E-04
-.155E-03
-.140E-03
-.124E-03
-.10%E-03

. 933E-04
. 1TSE-04
-.624E-04
-.470E-04
-.315E-04
-.160E-04

BOLCRNECNN

- PLOT NQ._ _14_ _ _

NODAL SOLUTION

SUB =1
TIME=1
EPELXY (AVGE)

PowerGraphics
EFACET=1
AVRES=Mat
DMX =.038165
SMN =-.155E-03
=-.160E-04
-.155E-03
-.140E-03
-.124E-03
-.109E-03
-.933E-04
. 1T79E-04
-.624E-04
-.470E-04
-.315E-04
-.160E-04
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Naprezenia w punkcie P na granicy elementéw

+=0.263

26.52

-0.421

o———

0.263

I ELEMENT SOLUTION

MPa
MPa

MPa

PLOT HNO. 9

LsTRped = == = = = = =
SUB = SUB =
TIME=1 TIME=1
oH (NOAVG) ¥ (BVGE)
RSYS=0 RSYS=0
PowerGraphics PowerGraphics
EFACET=1 EFACET=1
DMX =.038165 AVRES=Mat
SMN =-.263011 DMX =.038165
SMX =.263011 SMN =-.263011
~.263011 SME =.263011
oy ~.263011
B 146117 B o
O _.og767 B 146117
029223 0 _. 05767
B 520223 1 029223
L1 08767 B2 029223
L1 146117 L1 05767
L 204564 L1 146117
B o500 L 204564
B o500
MPa [MPa]
MPa
MPa




Naprezenia w punkcie P na granicy elementow

0.263 | MPa

G,=|33.48 | MPa

-4.074 | MPa
------------- - PLOT N0~ =30~ - - -
| ELEMENT SOLUTION | | NODAL SOLUTION |
S STEp=1— - - - - - ! STEP=1" ~ """
SUB = SUB =1
TIME=1 TIME=1
SY [(NOAVG) SY [AVGE)
RSYS=0 RSYS=0
PowerGraphics PowerGraphics
EFACET=1 EFACET=1
DMX =.038165 AVRES=Mat
SMN =26.518 DMX =.038165
SMX =33.482 SMN =26.518
26.518 SMX =33.482
. ;oo 26.518
B o5 065 . o
25,339 B 5. 065
0 25,613 25,939
B 50,3587 O 29,613
L1 31.161 0 35,387
L1 31.935 L1 31.161
L 32,708 L1 31.935
s 1 32,708
s
-0-263 | MPa [MPa]

G,=| 26.52 | MPa

-0.421 | MPa




Naprezenia w punkcie P na granicy elementow

y 0.263 | MPa
T,, Stress 4
X Oo= 33.48 | MPa
-4.074 | MPa
=y N —RBLOL Q= =1 e — — =
| ELEMENT SOLUTION ! : NODAL SOLUTION :
S STEPETC """ """~ ! = STEP=]————-—-—--
SUE =1 SUBR =
TIME=1 TIME=1
SKY (NOAVG) SXY (AVG)
RSYS=0 RSYS=0
PowerGraphics PowerGraphics
EFACET=1 EFACET=1
DM =.038165 AVERES=Mat
SMN =-4.074 DMX =.038165
SMX =-.420818 SMN =-4.074
—4.074 SMX =—.420818
;o _4.074
B s o6 ;s
O 5. 856 B 5 262
[ Y O 2 556
B 2. 044 0 5 45
O _1.638 B 044
L1 1,233 0 4. 633
L1 _ 526679 L1 1,233
Bl 00505 L] _ 526679
B o050
-0.263 | MPa [MPa]

0= \25.52 MPa

\
-0.421 | MPa




Odksztatcenia w punkcie P na granicy elementéw

Y
g, strain L
X

BLOT NO.__ 6__ __
|ELEMENT SOLUTIONI
STEP=1l""~"~"~"~"~—-

SUEB =1

TIME=1

EPELZ (NOAVG)

REYS=0

PowerGraphics

EFACET=1

DMX =.038165

.161E-03
.125E-03
.161E-03
157E-03
.1L3E-03
.145E-03
.145E-03
.141E-03
.137E-03
.133E-03
.129E-03
.125E-03

————(-0.263+26.52) = -0.125-10°°

“3.7.10° (0.263+33.48) =-0.161-10°°

_PLOT NO. _ 15_ _ _

| NODAL SOLUTION
STEP=T ~— -~~~ -
SUB =1
TIME=1
EPELZ (BVG)
REYS=0
PowerGraphics
EFACET=1
AVRES=Mat
DMX =.038165
SMN =-.161E-03
SMX =-.125E-03

.161E-03

o s
B _ 153503
1 1498-03
0 _ 1458-03
B _ 1415-03
I~ 137E-03
L] _.1338-03
] _.1298-03
B o s

11




Wptyw dyskretyzacji na jakoS¢ wynikow

DOF Solution

32

512

8000

-

UX

PLOT NO. 1
NODAL SOLUTICN
STEP=1

SUB =1

TIME=1

Ux (AVGE)
R5Y3=0
PowerGraphics

DM =.047134
SMN =-.008912
SMX =.00282
-.008912
-. 007509
-. 006305
-. 005001
-. 003698
002354
-.00109
.213E-03
. 001517
00282

(NREIREE

|

V) §

PLOT NNO,. 2
NODAL SOLUTION
STEFP=1

SUE =1

TIME=1

Uy (AVG)
R3YS=0
PowerGraphics
EFACET=1
AVRES=Mat

DM¥ =.047134
SM¥ =.047134
0
005237
.010474
015711
.020549
026186
031423
03666
.041897
.047134

NIRRT

[mm]
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Wptyw dyskretyzacji na jakoS¢ wynikow
Horizontal stress o,

_PLOT NO.__ 3 ___. PLOT NO.__ 7. ___
CELEMENT SOLUTION ] | NODAL_sOLITION |
STEP=1 STEP=1
p) SUB = SUB =
TIME=1 TIME=1
LAt SX (NOAVG) SX (AVG)
R5Ys5=0 RSY5=0
PowerGraphics FowerGraphics
EFACET=1 EFACET=1
OMX =.047134 AVRES=Mat
8 SMN =-4.88 DMX —.047134
SMX =35.587 SMN =-4.784
_4.88 SMX =35.587
555503 — _4.784
B 4113 P s
1 5.609 B ;. 157
32 1 13.106 I g 673
0 17,602 [ 13.159
1 22,098 0 17,644
1 26.595 — 1 22,13
1 31.091 e L 26.616
B 5o gy 1 51,102
512 B s gy
[MPa]

8000




Wptyw dyskretyzacji na jakoS¢ wynikow
Vertical stress 6,

32

512

8000

PLOT INO. 4

______________ -

ELEMENT SOLUTIOMN

SY (NOAVG)

PowerGraphics
EFACET=1

DM¥ =.047134
SMN =-.081405
SM¥ =59.284
-.081405
6.515
13.111
19.707
26.303
32.899
39.495
46.092
52.688
59.284

NENEIRE

pmax

;‘]ITTT 144 25

(AVGE)

PowerGraphics
EFACET=1
AVRES=Mat

DMX
SHMN
SMX

ACLDREENN

=.047134
=.454006
=58.853
. 454006
6.943
13.432
19.921
26,409
32.898
39.387
45,876
52.365
58.853

[MPa]
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Wptyw dyskretyzacji na jakoS¢ wynikow

32

512

8000

Shear stress 1,
PLOT NO. 5

(NOAVG)

PowerGraphics
EFACET=1
DMK =.047134
SMN =-9.769
SMX =1.102
~9.769
o
B 7 353
I _5.145
I _4.933
1 5 73
1 2. 522
N

‘11“ L1 _. 106324
.

1
)

J
q

T
i
|
i .
I
|
|
|

FPLOT NO. 9

SUB
TIME=1
SXY (AVG)
RSYS=0
PowerGraphics
EFACET=1
AVRES=Mat
DMX —=.047134
SMN =—7.077
SMX =.408315
_7.077
o
B 5 414
O 4532
[ R
1 5. 919
1 2,087
[ 1 _q.255
L1 . 423425
Bl 0551
[MPa]
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Wptyw dyskretyzacji na jakoS¢ wynikow

T distance SY
|: A
mm mm
sx  ux [mml gy [mml
0.004 0.05
—_— 0.045 =
0.002 e — | “\
SXY / 0.04 **K\ \\
v 0 | 0.035 ~N
(\10 %o 30 40 50 & ——
I: 0.002 ~ | 008 N
A \ 0.025 ‘\%
20 2o -0.004 \\ 0.02 N
\ 0.015
-0.006 ~
\ 0.01
X -0.008 0.005
0
-0.01 . 0 10 20 30 40 50
distance [mm]
_ distance [mm
[MPa] 2 elements sy [MPa] [ ]
8 elements 70 SXY
0 —
32 elements f\_,-ﬁi _§__————
—512 elements 60 -1 "\ i 40// 5
\ 2 /
—8000 elements 50 \\ 3 \ __.—-—--";"
40 < -4 "'—'-/———-—-__ — |
\ SS— 57
Q\ 30 | N | |
Ny \
\ 20 ‘7
— o e N
| ! | \ -9
‘ : : 0 -10
0 10 20 30 40 50 0 10 20 30 40 50

distance [mm]
distance [mm] distance [mm]
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