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Przykiad. 2D tarcza model MES z uzyciem elementéw 8-weztowych
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Model ¢wiartki tarczy
o jednym elemencie skonczonym
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uktad wspétrzednych naturalnych
n
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funkcje ksztattu elementu i ich pochodne w uktadzie naturalnym:
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UX displacement
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X -
<4157 0. \ 3
NODAL SOLUYION

STEP=1 \
SUB =1 \
TIME=1 \\
UX (AVG\
RSYS=0 \
PowerGraphics \
EFACET=1 \
AVRES=Mat \
DMX =.04694 \
SMN =-.005515 \
SMX =.004184 \
- -.005515 \‘
-.004437 \
(| \
— -.003359 ‘
:l -.002282 1
oy 001204 !
O ~-1278-03 H
.951E-03 !
] /
.002029 /
1 /
- .003106 ,’
.004184 o°
td

-
”

q

-0.00523
0.004468

-l

0.0181

0.046933

-0.00353

u5

-0.01009

ub

0.013534

v6

0.001708

u7

0.035171

v7

0.020224

v8

’

" UY displacement

PLOT NO. 4
NODAL SOLUTION
STEP=1

SUB =1
TIME=1
uy (AVG)
RSYS=0
PowerGraphics
EFACET=1
AVRES=Mat
DMX =.04694
SMX =.04694
| 0

.005216
[

.010431
[

.015647
[

.020862
[

.026078
(I

.031293
L]

.036509
L] 041724
-

.04694
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Przemieszczenia na Kierunek X

UX displacement

MN  PLOT NO. 1

NODAL SOLUTICON
STER=1
SUB =1
TIME=1
UX (AVG)
REYS=0
PowerGraphics
EFACET=1
AVRES=Mat
DMX =.038165
SMN =-.007784
-.007734
-.006919
-.006054
-.005189
-.004324
.00346
-.002555
-.00173
-.86LE-03

BOLONECNN

PLOT NO. 3

NODAL SOLUTION
STEP=1
SUB =1
TIME=1
UX (AVG)
RSYS=0
PowerGraphics
EFACET=1
AVRES=Mat
DMX =.04694
SMN =-.005515
SMX =.004184
- -.005515
-.004437
=
0 -.003359
-.002282
—
-.001204
[
-.127E-03
]
I:l .951E-03
] .002029
003106
-
.004184
5
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Przemieszczenia na kierunek Y

UY displacement

PLOT NO. 2
NODAL SOLUTION

AVRES=Mat

=,038165

=,038165
0
004241
008481
012722
016362
021203
025444
029684
033325
038165

BOLCRECNN

PLOT NO. 4
NODAL SOLUTION

Uy (AVG)

PowerGraphics
EFACET=1
AVRES=Mat
DMX =.04694
MX =.04694
0
.005216
.010431
.015647
.020862
.026078
.031293
.036509
.041724
.04694

0

RO0ORECNEN




Odksztatcenia na kierunek X

PLOT NO. 7
ELEMENT SOLUTION

EPELX (NOAVG)
REYS=0
PowerGraphics
EFACET=1
DMX =.038165
SMN =-.156E-03
SMX =-.130E-03
-.158E-03
-.153E-03
-.150E-03
-.147E-03
-.144E-03
. 141E-03
-.139E-03
-.136E-03
-.133E-03
-.130E-03

BO00E00EN

pmax

TTTTTT¢4 3

b

g, strain

PLOT NO. 12
NODAL SOLUTION

STEP=1
SUB =1
TIME=1
EPELX (AVG)
RSYS=0
PowerGraphics
EFACET=1
AVRES=Mat
DMX =. 038165
SMN =-.156E-03
SMX =-.130E-03
~.156E-03
| IR
Bl 150503
0 119803
B 1445-03
B 41503
C1 139803
C 1 138803
L1 133803
B 355 03

PLOT NO. 12
ELEMENT SOLUTION
STEP=1

SUB =1

TIME=1

EPELX (NOAVG)
RSYS=0
PowerGraphics
EFACET=1

DMX =.04694
SMN =-.313E-03
SMX =.157E-05
-.313E-03
-.278E-03
-.243E-03
-.208E-03
-.173E-03
-.138E-03
-.103E-03
-.682E-04
-.333E-04
.157E-05

BO00ECCEN




Odksztatcenia na kierunek Y

Sy strain

PLOT NO. 8 M
ELEMENT SOLUTIO
STEP=1

SUB =
TIME=1
EPELY (NOAVE
RSYS=0
PowerGraphics
EFACET=1
DMX =.038165
SMH =.380E-03
SME =.477E-03
.380E-03
Bl 5oz g3
B ozm-03
0 s12r-03
B2 423803
EE iz4m-03
CO L 445%-03
T L a5ez-03
B ss6r-03
B 9z 03

)

pmax

?”MT 44 3

PLOT NO. 13
NODAL SOLUTICOHN
STEP=1

SUB =1

TIME=1

EPELY (BVE)
REYS=0
PowerGraphics

L477E-03
.380E-03
.331E-03
L402E-03
L 412E-03
L423E-03
.434E-03
.445E-03
. 456E-03
L466E-03
.477E-03

NOCORECEN

PLOT NO. 13
ELEMENT SOLUTIO
STEP=1

SUB =1

SMX =.769E-03
.238E-04
.107E-03
.189E-03
.272E-03
.355E-03
.438E-03
.520E-03
.603E-03
.686E-03
.769E-03

B000FE0OEN
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Odksztalcenia postaciowe

Yxy Strain

PLOT NO. 1 MN
ELEMENT SOLUTION
STEP=1

SUB =1

TIME=1

EPELXY (NOAVE)

PowerGraphics
EFACET=1
DMK =.038165
SMN =-.155E-03
SMX =-.160E-04
-.155E-03
-.140E-03
-.124E-03
-.109E-03
-.933E-04
L 7T79E-04
-.624E-04
-.470E-04
-.315E-04
-.160E-04

ROCORCCEN

max

TTT T44 3

—> O

PLOT NO. 14
NODAL SOLUTIOMN
STEP=1

SUB =1

TIME=1

EPELXY (AVG)
REYS=0
PowerGraphics

-.624E-04
-.470E-04
-.315E-04
-.1&0E-04

ROCORECEN

PLOT NO. 14
ELEMENT SOLUTION
STEP=1

SUB =1

EPELXY (NOAVG)

PowerGraphics
EFACET=1

DMX =.04694
SMN =-.259E-03
SMX =.105E-03
-.259E-03
-.219E-03
-.178E-03
-.138E-03
-.974E-04
-.569E-04
-.164E-04
.241E-04
.646E-04
.105E-03

B000FE0OEN
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vb

PLOT NO. 3
ELEMENT SOLUTI

STEP=1
SUE =
TIME=1
5X (NORY
RSTS=0
PowerGraphics
EFACET=1
DMK =.038165
SMN =-.263011
SMX =.263011
~.263011
| R
B _ 146117
O ns7a7
E g25223
P
L1 os767
C1 146117
0 204564
B coc01n

—_
— O
3
o
3

TTT T44 :3

o, stress

Naprezenia na kKierunek X

PLOT NO. 9
NODAL SOLUTION
STEP=1

SUB =1

TIME=1

S5X [AVG)
RSYS=0
PowerGraphics
EFACET=1
AVRES=Mat

DMX =.038165
SMN =-,263011
SMX =.263011
-.263011
-.204564
-.146117
-. 08787
-. 029223
L029223
.08767

. 146117
L 204564
L263011

BO00RCCEN

PLOT NO. 5
ELEMENT SOLUTION
STEP=1

SUB =1

TIME=1

SX (NOAVG)
RSYS=0
PowerGraphics
EFACET=1

DMX =.04694
SMN =-12.8298
SMX =12.8298
-12.8298
-9.97872
-7.12766
-4.2766
-1.42553
1.42553
4.2766
7.12766
9.97872
12.8298

BO00ECCEN
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PLOT NO.
ELEMENT 3t
STEP=1
SUB =1
TIME=1

EFACET=1

BO00RCCEN

i)

pmax

4
!

MX

”T“ t1a 3

Naprezenia na kierunek Y

G, stress

PLOT NO. 10

NODAL SOLUTION

STEP=1

SUB =1

TIME=1

5Y [AVG)

RSYS=0

PowerGraphics

EFACET=1

AVRES=Mat

DMX =.038165

SMN =26.518

SMX =33.482
26.518
27.292
28.065
28.839
29.613

. 387

31.161

31.935

32.708

33.482

MO00RECEN

LVecvUeoyu

PLOT NO. 6
ELEMENT SOLUTION
STEP=1
SUB =1
TIME=1
SY (NOAVG)
RSYS=0
PowerGraphics
EFACET=1
DMX =.04694
SMN =1.91405
SMX =58.086
1.91405
. 8.15537
14.3967
20.638
26.8793
33.1207
39.362
45.6033
51.8446
58.086

B000RECR
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Naprezenia styczne

T,y Stress

PLOT NO. 5
ELEMENT SOLUTIOMN
STEP=1

SHY (NORAVE)

PowerGraphics
EFACET=1
DMK =.038165

420818
~1.074
.
_3.262
_2.856

/
/
/

PLOT NO. 11
NODAL SOLUTICN
STEF=1

SUB =1
TIME=1
sxy (AVG)
RSYsS=0
PowerGraphics
EFACET=1
AVRES=Mat
DMX =.0381&5
SMN =-4.074
SMX =-.420818
-4.074
Bl e
I
O 5 a6
3 545
B 5 044
0 1638
L1 1233
O 526679
B o001

PLOT NO. 7
ELEMENT SOLUTION
STEP=1
SUB =1
TIME=1
SXY (NOAVG)
RSYS=0
PowerGraphics
EFACET=1
DMX =.04694
SMN =-6.81074
SMX =2.7595
- -6.81074

-5.74738
[

-4.68402
[

-3.62066
—

-2.5573
[

-1.49394
1
— -.430576

632784

(- 1 69614
m

2.7595

12




PLOT NO. 3

1X

NODAL SOLUTION
STEP=1
SUB =1
TIME=1
UXx (AVG)
RSYS=0
PowerGraphics
EFACET=1
AVRES=Mat
DMX =.04694
=-.005515
SMX =.004184
-.005515
-.004437
-.003359
-.002282
-.001204
-.127E-03
.951E-03
.002029
.003106
.004184
PLOT NO. 1
NODAL SOLUTION
STEP=1
SUB =
TIME=1
UX (AVG)
RSYS=0
PowerGraphics
EFACET=1
AVRES=Mat
DMX =.047092
SMN =-.008831
SMX =.002854
[ -.008831
-.007533
[
-.006234
—
-.004936
.
-.003637
&/
-.002339
[
-.001041
[
.258E-03
. 001556
| -
.002854

UX

[mm]

64

|

Wptyw dyskretyzacji na jako$¢ wynikow (elementy 8weztowe)

PLOT NO. 1
NODAL SOLUTION
STEP=1

SUB =1

TIME=1

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

DMX =.046767
SMN =-.009058
SMX =.0032
-.009058
-.007696
-.006334
-.004972
-.00361
-.002248
-.886E-03
.476E-03
.001838
.0032

B000RO0EN

PLOT NO. 1
NODAL SOLUTION
STEP=1

SUB =1

TIME=1

UX (AVG)
RSYS=0
PowerGraphics

DMX =.047175
SMN =-.008909
SMX =.002836
-.008909
-.007604
-.006299
-.004994
.003689
-.002384
-.001079
.226E-03
.001531
.002836

B000EEON
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PLOT NO. 4
NODAL SOLUTION

904 (AVG)

.005216
.010431
.015647
.020862
.026078
.031293
.036509
.041724
.04694

B000EECEN

1/:14:12

PLOT NO. 2

NODAL SOLUTION

STEP=1

SUB =1

TIME=1

Y (AVG)

RSYS=0

PowerGraphics

EFACET=1

AVRES=Mat

=.047092

=.047092
0
.005232
.010465
.015697
.02093
.026162
.031395
.036627
.04186
.047092

a

0 g
BO00RO0NN &2
XX

V) 4
[mm]

64

Wptyw dyskretyzacji na jako$¢ wynikow (elementy 8weztowe)

nL e

1/:10:50
PLOT NO. 2
NODAL SOLUTION

mm ’
.005196

|
.010393

—
.015589

=
.020785

=
.025982

—
.031178

—
.036374

=
- .041571
.046767

SUB =
TIME=1
Uy (AVG)
RSYS=0
PowerGraphics
EFACET=1
AVRES=Mat
DMX =.047175
SMX =.047175

0
| .005242
[

.010483
[

.015725
—

.020967
[

.026208
(I

.03145
]

.036692
(. 041933
[

.047175

14




Wptyw dyskretyzacji na jako$¢ wynikow (elementy 8weztowe)

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

RSYS=0

5
SOLUTION

(NOAVG)

PowerGraphics
EFACET=1

SMN
SMX

DMX =.04694

=-12.8298
=12.8298

-12.8298
-9.97872
-7.12766
-4.2766
-1.42553
1.42553
4.2766
7.12766
9.97872
12.8298

B000EECEN

PLOT NO. 3

SX (AVG)

SMX =28.663

-5.09635
-1.34531
2.40573
6.15677

B00CRE0E.

9.90781

13.
17.
21.
24.
28.

6589
4099
1609
912
663

o

X

[MPa]

NODAL
SOLUTION

N

P

1L/710:40

PLOT NO.

3

NODAL SOLUTION

STEP=1
SUB =1
TIME=1
SX

RSYS=0

(AVG)

PowerGraphics
EFACET=1
AVRES=Mat

DMX =.046767

SMN =-9.09511

SMX =21.
-9.

89
09511

-5.65232
III

-2.20952
=

1.23327
=

4.67606
==

8.11886
]

11.5617
-

15.0044
]
mm 184472

21.89

PLOT NO. 3
NODAL SOLUTIO!
STEP=1

SUB =1

TIME=1

SX (AVG,
RSYS=0
PowerGraphics
EFACET=1
AVRES=Mat

DMX =.047175
SMN =-4.80315
SMX =32.5558
-4.80315
-.652148
3.49885
7.64985

B000RO0EN

11.
15.
20.
24.
28.
32.

8009
9518
1028
2538
4048
5558

15




PLOT NO. 5
ELEMENT SOLUTION
STEP=1

SUB =1

TIME=1

SX (NOAVG)
RSYS=0
PowerGraphics
EFACET=1

DMX =.04694
SMN =-12.8298
SMX =12.8298
-12.8298
-9.97872
-7.12766
-4.2766
-1.42553
1.42553
4.2766
7.12766
9.97872
12.8298

B000EECEN

PLOT NO. 6
ELEMENT SOLUTION
STEP=1

SUB =1

TIME=1

SX (NOAVG)
RSYS=0
PowerGraphics
EFACET=1

DMX =.047092

SMN =-5.50981

SMX
[
[
B3 5 lss113
=
9.67811
— B
[
17.2721
-
21.0691
E 24566
m
28.663

Gx

[MPa]

ELEMENT
SOLUTION

Wptyw dyskretyzacji na jako$¢ wynikow (elementy 8weztowe)

PLOT NO. 9
ELEMENT SOLUTION
STEP=1

SUB =1

SX (NOAVG)

PowerGraphics
EFACET=1

DMX =.046767
SMN =-12.4303
SMX =21.89
-12.4303
-8.6169
-4.80353
-.990168
2.8232
6.63657
10.4499
14.2633
18.0767
21.89

B000EECEN

PLOT NO. 6

ELEMENT SOLUTION

STEP=1

SUB =1

TIME=1

SX (NOAVG)

RSYS=0

PowerGraphics

EFACET=1

DMX =.047175

SMN =-4.82592

SMX =32.5558

s -4.82592
-.672393

[

— 3.48114
7.63467

—

o 11.7882

— 15.9417

] 20.0953
24.2488

CJ 28.4023

[ :
32.5558

16




Lveaveou

PLOT NO. 6

ELEMENT SOLUTION

STEP=1

SUB =1

TIME=1

SY (NOAVG)

RSYS=0

PowerGraphics (0)

EFACET=1 Y

DMX =.04694

SMN =1.91405

SMX =58.086 [MPa]
1.91405

8.15537 NODAL
14.3967

20 eas SOLUTION
.8793

33.1207

39.362

45.6033

51.8446

58.086

B000EECEN

PLOT NO. 4
NODAL SOLUTIO!
STEP=1

SUB =1

TIME=1

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

DMX =.047092
SMN =-1.1916
SMX =59.8685
-1.1916
5.59286
12.3773
19.1618
25.9462
32.7307
39.5152
46.2996
53.0841
59.8685

B000RE0E

Wptyw dyskretyzacji na jako$¢ wynikow (elementy 8weztowe)

1L/7:1L0200

PLOT NO. 4
NODAL SOLUTION
STEP=1

SUB =1

TIME=1

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

DMX =.046767
SMN =-1.56578
SMX =58.9382
-1.56578
5.15688
11.8795
18.6022
25.3249
32.0475
38.7702
45.4928
52.2155
58.9382

M000EEOEN

PLOT NO. 4
NODAL SOLUTION
STEP=1

SUB =1

TIME=1

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

DMX =.047175
SMN =-.352283
SMX =60.0386
-.352283
6.35781
13.0679
19.778
26.4881
33.1982
39.9083
46.6184
53.3285
60.0386

B00CRE0N.
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Lveaveou

PLOT NO. 6
ELEMENT SOLUTION
STEP=1

SUB =1

TIME=1

SY (NOAVG)
RSYS=0
PowerGraphics

DMX =.04694
SMN
SMX =58.086
1.91405
8.15537
14.3967
20.638
.8793
33.1207
39.362
45.6033
51.8446
58.086

Il
—
o
—
ISy
o
(&)

B000EECEN

PLOT NO. 7
ELEMENT SOLUTION
STEP=1

SUB =1

TIME=1

SY (NOAVG)
RSYS=0
PowerGraphics
EFACET=1

DMX =.047092
SMN =-1.1916
SMX =59.8685
-1.1916
5.59286
12.3773
19.1618
25.9462
32.7307
39.5152
46.2996
53.0841
59.8685

M00CA00NN

Wptyw dyskretyzacji na jako$¢ wynikow (elementy 8weztowe)

Gy

[MPa]

ELEMENT
SOLUTION

44

PLOT NO. 10
ELEMENT SOLUTION
STEP=1

SUB =1

TIME=1

SY (NOAVG)
RSYS=0
PowerGraphics
EFACET=1

DMX =.046767
SMN =-1.56578
SMX =58.9382
-1.56578
5.15688
11.8795
18.6022
25.3249
32.0475
38.7702
45.4928
52.2155
58.9382

B000EECEN

SY (NOAVG)

PowerGraphics
EFACET=1

DMX =.047175
SMN =-.352283
SMX =60.0386
-.352283
6.35781
13.0679
19.778
26.4881
33.1982
39.9083
46.6184
53.3285
60.0386

HO00RE00N
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PLOT NO.

7

ELEMENT SOLUTION
STEP=1

SXY (NOAVG)

PowerGraphics
EFACET=1

DMX =.04694
SMN =-6.81074
SMX =2.7595

-6.
-5.
-4.
-3.
-2.
-1.

81074

Txy

[MPa]

74738 NODAL

68402 SOLUTION

62066
5573
49394

-.430576
.632784
1.69614
2.7595

B000EECEN

PLOT NO. 5
NODAL SOLUTION
STEP=1

SUB =1
TIME=1
SXY (AVG)
RSYS=0
PowerGraphics
EFACET=1
AVRES=Mat
DMX =.047092
SMN =-8.18541
SMX =.152147
-8.18541
mm Cl%
-7.25902
[
-6.33262
—
-5.40623
=
-4.47983
=
-3.55344
(I
-2.62704
C ]
-1.70064
& -.774249
[
.152147

Wptyw dyskretyzacji na jako$¢ wynikow (elementy 8weztowe)

PLOT NO. 5
NODAL SOLUTION
STEP=1
SUB =1
TIME=1
SXY (AVG)
RSYS=0
PowerGraphics
EFACET=1
AVRES=Mat
DMX =.046767
SMN =-7.53406
SMX =.668435
[ -7.53406
== -6.62267
-5.71128
—
o -4.79989
o -3.88851
-2.97712
]
J -2.06573
| -1.15434
-.242953
[ I
.668435
PLOT NO. 5

NODAL SOLUTIO!

STEP=1

SUB =1
TIME=1
SXY (AVG,
RSYS=0
PowerGraphics
EFACET=1
AVRES=Mat
DMX =.047175
SMN =-7.2591
SMX =.095601
-
[ )
-5.62472
=
-4.80753
=
-3.99034
=
-3.17315
[
-2.35596
1
-1.53878
& -.721588
[ .
.095601
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PLOT NO. 7
ELEMENT SOLUTION
STEP=1

SUB =1

TIME=1

SXY (NOAVG)
RSYS=0
PowerGraphics
EFACET=1

DMX =.04694
SMN =-6.81074
SMX =2.7595
-6.81074
-5.74738
-4.68402
-3.62066
-2.5573
-1.49394
-.430576
.632784
1.69614
2.7595

BO0CR0OEN

PLOT NO. 8
ELEMENT SOLUTIO!
STEP=1

SUB =1

TIME=1

SXY (NOAVG)

PowerGraphics
EFACET=1

MX =.047092
SMN =-8.78477
SMX =.152147
-8.78477
-7.79178
-6.79879
-5.8058
-4.81281
-3.81982
-2.82683
-1.83383
-.840844
.152147

g
<

B000RO0EN

Ty

[MPa]

ELEMENT
SOLUTION

Wptyw dyskretyzacji na jako$¢ wynikow (elementy 8weztowe)

PLOT NO. 11
ELEMENT SOLUTION
STEP=1

SUB =1

TIME=1

SXY (NOAVG)
RSYS=0
PowerGraphics
EFACET=1

DMX =.046767
SMN =-10.4579
SMX =.668435
-10.4579
-9.22163
-7.98537
-6.74912
-5.51286
-4.2766
-3.04034
-1.80408
-.567824
.668435

B000EECEN

PLOT NO. 8

-1.50239
-.669232
.163931

I
[y
o
o
=
(o0}
©
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