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Przykiad. 2D tarcza model MES z uzyciem elementéw 4-weztowych

y

2H

Model ¢wiartki tarczy
o jednym elemencie skonczonym

lxijl - lO, Lr L; OJ
lyijl = lO, O,H,HJ

wektory wspétrzednych weztowych:




uktad wspotrzgdnych naturalnych funkcje ksztattu elementu i ich pochodne w uktadzie naturalnym:

o n © N (&n)=%(1-8)(1—n) i N;:(&,1)
fﬁ No(E,m)=%1+ &1 —1n) 1 0
B~ |t | |1
.1 NG Y= %L~ DLt 3| e
o ] o ) ma-g)
n PY;
1| -%(1—n) (1= &) %(1—1)=0
2 | %(1—n) Y41 +¢) A(1-1)=0
3: %(1+n) %(1+ &) s+ D=
CHEACES)) %(1—¢) U1 +1)=-1%




q) = k]

4x1 4 x4

UX displacement

=

\
PLOT NO. 1 \
NODAL SOLUTION %
STEP=1 \
SUB =1 ‘
TIME=1
(AVG)
RSYS=0
PowerGraphics
EFACET=1
AVRES=Mat
DMX =.045711
SMN =-.012724
.012724
.01131
.009896
.008483
.007069
.005655
.004241
.002828
.001414

BO00EDOEN

1
1
1
1
1
1
1
\
\
\

012724|u2 1
-.001562|u3 |

7’

7’
7’
_~UY displacement
K/
PLOT NO. 2
NODAL SOLUTION
STEP=1
SUB =1
TIME=1

(AVG)
RSYS=0
PowerGraphics

.005079
.010158
.015237
.020316
.025395
.030474
.035553
.040632
.045711

B00CE00NN




Przemieszczenia na kierunek X

PLOT NO. 3
MN PLOT NO. 1 . gggﬁifowﬂw
NODAL SOLUTICHN UX dlsplacement SUB =1
STEP=1 TIME=1
SUB =1 UX (AVG)
TIME=1 RSYS=0
Ux (AVG] PowerGraphics
RSYS=0 EFACET=1
PowerGraphics AVRES=Mat
EFACET=1 DMX =.04694
AVRES=Mat PLOT NO. 1 SMN =-.005515
DME —.038165 NODAL SOLUTIO! SMX =.004184
SMN =-.007794 STEP=1 mm 005515
-.007784 SUB = mm 004437
| TIME=1 O --003359
EE - oo605¢ Ux (AVG) o 002282
% ~.005189 RSYS=0 g 001204
] --004324 PowerGraphics —J --127E-03
-.00346 EFACET—1 ] -951E-03
C - o02595 AVRES=Mat 0 -002029
L -.00173 MX o 045711 mm 003106
E -.865E-03 N = 012704 .004184
0
-
I [ n
O ~-009896 2 Pmax
i O 008483
Pmax 2 Pmax N o 007069
4 4 2 Prmax ] ~-005655
TTTTTM 3 — ] ~-004241
|: o 0 --002828 7
q 001414
[ ]
08 69 0P o
tL 5
V ipmax E N 5 .r
2 i R e RO e
t ‘: ) . TTTTT\*M 3 ° x 3 e ee ee’ ee se e
1 Fary rary 2 -




Przemieszczenia na kierunek Y

PLOT NWNO. 2 PLOT NO. 4
NODAL SOLUTION NODAL SOLUTION
STEP=1 R STEP=1
SUB =1 UY displacement sUB =1
TIME=1 TIME=1
Uy [AVG) EEYS . (AVG)
RSYS=0 =
FPowerGraphics g;xgggfiphlcs
meml
- PLOT NO. 2 DMX =.04694
DMX =.038165 -
_ NODAL SOLUTION SMX =.04694
SM¥ =.033165 STEPo1 0
[ a SUB =1 (| .005216
= -004241 TIME=1 o -010431
O 008481 Uy (AVG) o 015647
012722 RSYS=0 [ .020862
[ 0165962 PowerGraphics O .026078
B 021203 EFACET=1 O 031293
L1 025444 AVRES=Mat 3 036509
:| 029684 DMX =.045711 - .041724
533925 SMX =.045711 04694
B 55160 mm
mm 005079
L 010158
.015237
B 5051
P B 0530
max : .
4 .030474
NTT 3 LI 035553
t T'N‘A - .
y W 040632
/| 045711

/
/

”HTTTM 3

Aollllitte




pmax

?”MT 144 3

Odksztatcenia na kierunek X

PLOT NO. 7
ELEMENT SOLUTION

SMN =-.156E-03

g, strain

SMX =-.130E-0:Z PLOT NO. 3
~.156E-0- NODAL SOLUTION
o STEP=1
EE _ 150p-00 SUB =1
C - 1478-07 TIME=1
O - 1445-07 EPELX (AVG)
EE _ q41r-07 RSYS=0
] -.13%E-0Z PowerGraphics
L1 _ 13¢r-07 EFACET=1
[:j —.133E-0- AVRES=Mat
B - - DMX =.045711
SMN =-.302E-03
SMX =.164E-04
-.302E-03
= -.267E-03
O --231E-03
o 196803
o - 161E-03
O --1258-03
] --898E-04
= --544E-04
- -.190E-04
.164E-04

Y

: MHttee. 3

PLOT NO. 12
ELEMENT SOLUTION
STEP=1

SUB =1

TIME=1

EPELX (NOAVG)
RSYS=0
PowerGraphics
EFACET=1

DMX =.04694

SMN =-.313E-03

-.103E-03
-.682E-04
-.333E-04
.157E-05

BO0CREOEN




Odksztatcenia na kierunek Y

PLOT NO. 8 " oTRer 13
ELEMENT SOLUTION . ELEMENT SOLUTIO
STEP=1 Sy Straln STEP=1
SUB = SUB =
TIME=1 TIME=1
EPELY (NOAVG) EPELY (NOAVG
RSYS=0 };SYS:g .
PowerGraphics E;XEETiip tes
EFACET=1 DMX =.04694
DMX =.038165 SMN =.238E-04
SMN =.380E-03 i Ve v s SMX =.769E-03
SMX =.477E-03 PLOT NO. 4 mm 238504
L380E-03 NODAL SOLUTION mm - 107E-03
- L391E-03 STEP=1 (| .189E-03
Bl soor-03 SUB =1 0/ -2)%E03
O 412803 TIME=1 o
423803 EPELY (AVG) [
ER 45345-03 RSYS=0 % .603E-03
C 1 445m-03 PowerGraphics B 686E-03
L1 456E-03 EFACET=1 769E-03
L1 4eem-03 AVRES=Mat
B 0 DMX =.045711
SMN =.249E-03 X
SMX =.609E-03
.249E-
e
[
Prmax .329E-03
4 — 369E-03
i1, 3 = o
T4 .409E-03
/
.449E-03
[
.489E-03
[
.529E-03
CJ 569E-03
| -
.609E-03

Y

: MHttee. 3




Odksztalcenia postaciowe

PLOT NO. 1

ELEMENT SOLUTION PLOT NO. 14

i ELEMENT SOLUTION

gagpi ny strain STEP=1
=
Revens (NOAVE) EPELXY (NOAVG)
bowea RSYS=0
roncpa o PowerGraphics
EFACET=1 PowerGra
OMX =.038165 Bl
SMN =-.155E-03 --01690
SMX =-.160E-04 —--2992-0
mm 0OEUS PLOT NO. 5 S renos
o ioE-0s NODAL SOLUTION IS
= -o12E03 STEP_1 --219E-03
. :'égggigi SUB =1 -.138E-03
B 70m-04 TIME=1 -.974E-04
C . g24F-04 EPELXY (AVG) —.569E-04
L1 _ 470E-04 RSYS=0 - .164E-04
L - 3158-04 PowerGraphics .241E-04
LR EFACET=1 'fégﬁigé

AVRES=Mat :

DMX =.045711
SMN =-.159E-03
SMX =-.159E-03

pmax

?”MT 144 3

¥

: MHttee. 3
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Naprezenia na kKierunek X

FLOT NO. 3

PLOT NO. 5
ELEMENT SOLUTION tress ELEMENT SOLUTIODM
STEP=1 Gx S STEP=1
SUB =1 SUB =1
TIME=1 TIME=1
S¥ (NOAVG) sx (NOAVG)
REYS=0 RSYS=0 .
PowerGraphics Egggégiiphlcs
EFACET=1
B adunes
SMN =-.26301: X ZTreeces SMX =12.8298
SM¥ =.263011 PLOT NO. 6 -12.8298
58301 ELEMENT SOLUTION - oo
Y STEP=1 E -7.12766
B 611 SUB =1 B 42766
I TIME=1 o Cl-42553
Y P PPX 5% (NOAVG) C 1-42553
B8 g20223 RSYS=0 ] 4-2766
1 08767 PowerGraphics 0 -12766
L 146117 EFACET=1 [ | ?;;g;g
20456 DMX =.045711 :
B 0 SMN =-7.81349
SMX =7.81349
-7.81349
= -6.07716
o ~4-34083
Prmax | -2.6045
4” mm 868165
l: MT T4 3 — .868165
[ 2-6045
o 4-34083
mm 507716
7.81349

MHttee. 3

Aollllitte

10




Naprezenia na kierunek Y

PLOT NO. 4

ELEMENT SOLUTTION PLOT NO. 6
ELEMENT SOLUTION
SUB = SUB =1
TIME=1 PIME—L
5Y (NOAVG) 5y (NOAVG)
RSYS=0 RSYS—0
PowerGraphics PowerGraphics
EFACET=1 EFACET—1
DMX =.038165 DMX —. 04694
SMN =26.518 SMN =1.91405
SMHE =33.482 PLOT NO. 7 SMX =58.086
56 518 ELEMENT SOLUTION mm 191405
PP STEP=1 mm 815537
Bl 25065 SUB =1 D 14-3967
0 53839 TIME=1 = 20.638
O 29,613 SY (NOAVG) mm 26-8793
B0 50,387 RSYS=0 O 33.1207
[ PowerGraphics 39.362
31.161 P —J
L1 31,935 EFACET=1 O 45-6033
B 52,708 DMX =.045711 Wl ol-844e
58.086
LTIy SMN =20.0025
SMX =39.9975
20.0025
= 22.2242
O 24-4459
p 26.6675
max [
4 28.8892
”TT 3 B2 5ilii0s
l: 144 [
] 33.3325
0 35-5541
mm 377758
39.9975
t Vlh
1 20 20
'%Mog
»
X

11




Naprezenia styczne

PLOT NO. 5
ELEMENT SOLUTION
STEP=1 T... stress PLOT NO. 7
SUB =1 Xy ELEMENT SOLUTION
TIME=1 STEP=1
SKY (NOAVG) SUB =1
RSY5=0 TIME=1
PowerGraphics SXY (NOAVG)
EFACET=1 RSYS=0
DMX =.038165 PowerGraphics
SMN =-4.074 EFACET=1
SME =-.420819 DMX =.04694
~4.074 PLOT NO. 8 SMN =-6.81074
-, ELEMENT SOLUTION SMX =2 . 7595
;. STEP=1 mm 68107
o SUB =1 574738
I TIME=1 L] —4-68402
B gy SXY (NOAVG) o -3-62066
O 1639 RSYS=0 o -2-5573
L _1.233 PowerGraphics ) ~1-49394
1 526679 EFACET=1 430576
L R PTSE DMX =.045711 - i%éfi
SMN =-4.16719 [ ] P
SMX =-4.16719 '

pmax

?”MT 144 3

y

: MHttee. 3

. X
1= ttz

12




PLOT NO. 1
NODAL SOLUTION

UXx (AVG)

PowerGraphics
EFACET=1

AVRES=Mat

DMX =.045711

=-.012724
-.012724
-.01131
-.009896
-.008483
-.007069
-.005655
-.004241
-.002828
-.001414

BO00R0O0N &

UX (AVG)

PowerGraphics
EFACET=1
AVRES=Mat

MX =.046861
SMN =-.009151
SMX =.002032
-.009151
-.007909
-.006666
-.005424
-.004181
-.002938
-.001696
-.453E-03
.789E-03
.002032

g

B00CE00EN

Wptyw dyskretyzacji na jako$¢ wynikow

UX

[mm]

UOo.iUVOo.L 1O

PLOT NO. 10
NODAL SOLUTION
STEP=1

SUB =1

TIME=1

UXx (AVG)
RSYS=0
PowerGraphics
EFACET=1
AVRES=Mat

DMX =.046436
SMN =-.009823
SMX =.451E-03
-.009823
-.008682
-.00754
-.006398
-.005257
-.004115
-.002974
-.001832
-.690E-03
.451E-03

B00CE00EN

STEP=1
SUB =
TIME=1
UXx (AVG)
RSYS=0
PowerGraphics
EFACET=1
AVRES=Mat
DMX =.047071
SMN =-.008957
SMX =.002617
-
|l
-.006385
/.
-.005099
[
-.003813
= -.002527
—
-.001241
]
= .452E-04
001331
;-
.002617

13




Wptyw dyskretyzacji na jako$¢ wynikow

PLOT NO. 2
NODAL SOLUTION

924 (AVG)

.005079
[

.010158
—

.015237
.

.020316
(|

.025395
1

.030474
1

.035553
1
[ .040632
.045711

DMX =.046861
SMX =.046861
0
.005207
.010414
.01562
.020827
.026034
.031241
.036448
.041654
.046861

B000RECEN

V) 4
[mm]

VE-ERVSEPIN
PLOT NO. 11
NODAL SOLUTION

STEP=1
SUB =1
TIME=1
Uy (AVG)
RSYS=0
PowerGraphics
EFACET=1
AVRES=Mat
DMX =.046436
SMX =.046436

0
. .00516
[

.010319
—

.015479
[

.020638
[

.025798
[

.030957
]

.036117
(I 041276
| -

.046436

STEP=1

SUB =

TIME=1

[9)4 (AVG)

RSYS=0

PowerGraphics

EFACET=1

AVRES=Mat

DMX =.047071

SMX =.047071
0

[ .00523

[

| .01046

| .01569

mm .02092

| .026151
.031381

C ]

| .036611
041841

|l -
.047071

14




Wplyw

PLOT NO.
ELEMENT
STEP=1
SUB =1
TIME=1

RSYS=0

6
SOLUTION

(NOAVG)

PowerGraphics

EFACET=1

/Y

DMX =.045711
SMN =-7.81349
SMX =7.81349

-7.81349
-6.07716
-4.34083
-2.6045
-.868165
.868165
2.6045
4.34083
6.07716
7.81349

STEP=1
SUB =
TIME=1
SX (AVG)
RSYS=0
PowerGraphics
EFACET=1
AVRES=Mat
DMX =.046861
SMN =-4.63339
SMX =24.1699

-4.
[ 63339

-1.43302
]

1.76735
/.

4.96772
[

8.16809
[

11.3685
]

14.5688
]

17.7692
CJ 20.9696
[ )

24.1699

dyskretyzacji na jako$¢ wynikow

o

X

[MPa]

NODAL
SOLUTION

PLOT NO. 31
NODAL SOLUTION
STEP=1
SUB =1
TIME=1
SX (AVG)
RSYS=0
PowerGraphics
EFACET=1
=Mat
046436
-5.95909
=14.5388
-5.95909
-3.68154
-1.404
.873548
3.15109
5.42864
7.70619
9.98373
12.2613
14.5388

SX (AVG)

PowerGraphics
EFACET=1
AVRES=Mat

DMX =.047071
SMN =-4.69728
SMX =30.1917
-4.69728
-.820734
3.05582
6.93237
10.8089
14.6855
18.562
22.4386
26.3151
30.1917

—

B000RE

15




Wp{yw dyskretyzaql na jako$¢ wynikow

PLOT NO. 6
ELEMENT SOLUTION
STEP=1

SUB =1

TIME=1

SX (NOAVG)
RSYS=0
PowerGraphics
EFACET=1

DMX =.045711
SMN =-7.81349
SMX =7.81349
-7.81349
-6.07716
-4.34083
-2.6045
-.868165
.868165
.6045
.34083
.07716
.81349

~ o

Uo.:VU0IOL

PLOT NO. 17
ELEMENT SOLUTION
STEP=1

SUB =1

TIME=1

SX (NOAVG)
RSYS=0
PowerGraphics
EFACET=1

MX =.046861
SMN =-5.58213
SMX =24.1699
-5.58213
-2.27634
1.02944
4.33523
7.64102
10.9468
14.2526
17.5584
20.8642
24.1699

g

B00CE00NN

Gx

[MPa]

ELEMENT
SOLUTION

[VXCINRVIUIRGE 4

PLOT NO. 12
ELEMENT SOLUTION
STEP=1

SUB =1

TIME=1

SX (NOAVG)
RSYS=0
PowerGraphics
EFACET=1

DMX =.046436
SMN =-7.31649
SMX =14.5388
-7.31649
-4.88812
-2.45975
-.031386
2.39698
4.82535
7.25372
9.68209
12.1105
14.5388

BO00ECCEN

Uo:uVU0 40

PLOT NO. 28
ELEMENT SOLUTION
STEP=1

SUB =1

TIME=1

SX (NOAVG)
RSYS=0
PowerGraphics
EFACET=1

DMX =.047071
SMN =-5.14419
SMX =30.1917
-5.14419
-1.21798
2.70822
6.63443
10.5606
14.4868
18.413
22.3393
26.2655
30.1917

B00CE00NN
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Wptyw dyskretyzacji na jako$¢ wynikow

PLOT NO. 7

ELEMENT SOLUTION
STEP=1

SUB =1

TIME=1

SY (NOAVG)
RSYS=0

PowerGraphics (S
EFACET=1 y
DMX =.045711

SMN =20.0025

MX =39.9975 [MPa]

20.0025

22.2242 NODAL
24.4459
28.8892
31.1108
33.3325
35.5541
37.7758
39.9975

0

B00CE00NN

PLOT NO. 21
NODAL SOLUTION
STEP=1

SUB =1

TIME=1

SY (AVG)
RSYS=0
PowerGraphics

MN =3.04724
SMX =52.8834
3.04724
8.5846
14.122
19.6593
.1967
30.734
36.2714
41.8087
47.3461
52.8834

B00CE00EN

VU eUoe 21U

PLOT NO. 32
NODAL SOLUTION
STEP=1

SUB =

SY (AVG)

PowerGraphics
EFACET=1
AVRES=Mat
DMX =.046436
SMN =9.68398
=47.7465
9.68398
13.9132
18.1423
.3715
26.6007
30.8298
35.059
39.2882
43.5173
47.7465

BO00R00EN &

PLOT NO. 26
NODAL SOLUTION

SY (AVG)

DMX =.047071
SMN =.427497
SMX =56.1359
mm 427497

6.61732
]

12.8071
=

18.997
=

25.1868
==

31.3766
(I

37.5664
L]

43.7562
5 0s6
m

56.1359

17




y Wptyw dyskretyzacji na jako$¢ wynikow

PLOT NO. 7

ELEMENT SOLUTION

STEP=1

SUB =1

TIME=1

SY (NOAVG)

RSYS=0

PowerGraphics o
EFACET=1 V'
DMX =.045711

SMN =20.0025

SMX =39.9975 [MPa]
20.0025

22.2242 ELEMENT
24.4459

e eens SOLUTION
28.8892

31.1108

33.3325

35.5541

37.7758

39.9975

B000RECEN

:

PLOT NO. 18
ELEMENT SOLUTION

SY (NOAVG)

PowerGraphics
EFACET=1
DMX =.046861
SMN =3.04724
SMX =52.8834
3.04724
8.5846
14.122
19.6593
.1967
30.734
36.2714
41.8087
47.34061
52.8834

HO00ECCEN

N

PLOT NO. 13
ELEMENT SOLUTION
STEP=1

SUB =1

TIME=1

SY (NOAVG)
RSYS=0
PowerGraphics
EFACET=1

DMX =.046436
SMN =9.68398
SMX =47.7465
9.68398
13.9132
18.1423
22.3715
26.6007
30.8298
35.059
39.2882
43.5173
47.7465

B000RECEN

PLOT NO. 29
ELEMENT SOLUTION

SY (NOAVG)

PowerGraphics
EFACET=1

DMX =.047071
SMN =.427497
SMX =56.1359
427497
6.61732
12.8071
18.997
25.1868
31.3766
37.5664
43.7562
49.946
56.1359

B00CE00NN
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Wptyw dyskretyzacji na jako$¢ wynikow

PLOT NO. 8

ELEMENT SOLUTION
STEP=1

SUB =1

TIME=1

SXY (NOAVG)

RSYS=0

PowerGraphics TXY
EFACET=1

DMX =.045711

SMN =-4.16719 [MPa]

SMX =-4.16719
NODAL
SOLUTION

PLOT NO. 22
NODAL SOLUTION

STEP=1
SUB =1
TIME=1
SXY (AVG)
RSYS=0
PowerGraphics
EFACET=1
AVRES=Mat
DMX =.046861
SMN =-5.49877
SMX =-.425279
[ -5.49877

-4.93504
[

-4.37132
—

-3.8076
—

-3.24388
(|

-2.68016
1

-2.11644
]

-1.55272
(I -.989
|

-.425279

VO .UZeuo

PLOT NO. 33
NODAL SOLUTION
STEP=1
SUB =1
TIME=1
SXY (AVG)
RSYS=0
PowerGraphics
EFACET=1
AVRES=Mat
DMX =.046436
SMN =-4.70816
SMX =-1.65009
-4.7081
| os1e
-4.36837
]
-4.02859
—
-3.6888
.
-3.34902
(|
-3.00923
]
-2.66944
]
-2.32966
CJ -1.98987
[ :
-1.65009
PLOT NO. 27
NODAL SOLUTION
STEP=1
SUB =
TIME=1
SXY (AVG)
RSYS=0
PowerGraphics
EFACET=1
AVRES=Mat
DMX =.047071
SMN =-6.68
SMX =-.106963
-6.68
| -5.94966
[
-5.21933
[
-4.48899
[
-3.75865
[
-3.02831
(I
-2.29798
C ]
| -1.56764
-.837301
[
-.106963

19




Wptyw dyskretyzacji na jako$¢ wynikow

PLOT NO. 8

ELEMENT SOLUTION
STEP=1

SUB =1

TIME=1

SXY (NOAVG)

RSYS=0 "c
PowerGraphics Xy
EFACET=1

DMX =.045711

SMN =-4.16719 [MPa]
SMX =-4.16719

ELEMENT
SOLUTION

PLOT NO. 19
ELEMENT SOLUTION

SXY (NOAVG)

PowerGraphics
EFACET=1

DMX =.046861
SMN =-6.33246
SMX =-.425279
-6.33246
-5.6761
-5.01975
-4.3634
-3.70704
-3.05069
-2.39434
-1.73799
-1.08163
-.425279

B000EECEN

PLOT NO. 14
ELEMENT SOLUTION
STEP=1

SXY (NOAVG)

PowerGraphics
EFACET=1
DMX =.046436
SMN =-4.70816
=-1.65009
-4.70816
-4.36837
-4.02859
-3.6888
-3.34902
-3.00923
-2.66944
-2.32966
-1.98987
-1.65009

BO00R0OEN &

PLOT NO. 30
ELEMENT SOLUTION

SXY (NOAVG)

PowerGraphics
EFACET=1

DMX =.047071
SMN =-6.83544
SMX =-.106963
-6.83544
-6.08783
-5.34022
-4.59261
-3.84501
-3.0974
-2.34979
-1.60218
-.854572
-.106963

B00CE00NN
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