)}

= 3-D Linear Static Analysis Ta pe re d P I ate

= Model

- 1/12 (30°) Symmetric Model
- Unit: N, cm
- Isotropic Elastic Material

- Plate Elements

= Load & Boundary Condition

- Variable Pressure

- Constraint in Nodal Csys

1/12 Symmetric Part
= Result Evaluation

- Deformation

-von Mises Stress

nnnnnn

- Result Extraction

von Mises Stress o ]

Stress Variation Graph



/ Analysis > Analysis Control — Control :a»

B e T R

o Model Type : [3D] Project Title Engineer o
Desc.,

G Unit System : [N, cm]

Model Type Gravity Direction
© Ciick [OK] Button o Y ™’
O cCiick [Isometric1 View] ©x ©:

) Axisymmetric
Unit System

[ 2 BT = S | |
Initial Parameters | water Parameters

Gravity Acceleration{g) 6'0-665 cm/fsec?
Initial Temperature o [
Plane Strain Thickness 100 cm

Tapered Plate 1



’ 4 Geometry > Point & Curve SAre...

Geometry > Point & Curve > Offset Curve...

Procedure

Click Right Button in Work Window and
Select > [Hide All Guiders]

Center (0)” - Start “(2)”
- Included Angle “(30)”

Click [OK] Button
Select [Arc]
Offset Distance : “4, 8”

Click [OK] Button

Click [Zoom All]

( ):“ABSx,y’, < > “REL dx, dy’
(0) same as (0, 0)

Show All

Hide All

Show All Geometries
Hide All Geometries
Show All Meshes
Hide All Meshes

Move Work Flane

Show/Hide Guiders
Show All Guiders

Hide All Guiders

Show All Labels
Hide All Labels

Arc 2

Location 30 e

Method |Induded Angle -

Geometry set - [

© o e | [ )

Cffset Curve

Offset Curve

[] Make Face

{ Offset Distance

Geometry Set
[ g

][ Cancel ][ Apply ]

e @00+ BEE]




] Mesh > Protrude > Fill. ..

Procedure [ Filed Mesh o = ]}
© sciect[1D>2D] tab iiadecpany] ™2 |y o
Geometry Edge-=20 Element -
Q Select [Geometry Edge ->2D Element] E s e i
E od Selected 1 Object(s) ol
e Select [Bottom Edge] :
=2 Selected 1 Object(s) o
e Select [TOp Edge] [T reverse Ends
O Ssize Method - Size : “0.3” SourceMesh  @Nene 1 Delcte
e Q) —
O rroperty: “1” i ) :
@ Size () Division 0.3
e Mesh Set : Tapered Plate “q” Property
© Click [Preview] Button _______________ ] v
© Cicck [Apply] Bution fveshset " Taperecriaie L @) v
QOE8E Lo (o) ]

2 midas FEA NX Training Series



Procedure

41 Mesh > Protrude > Fi”

Select [Bottom Edge]

Select [Top Edge]

Mesh Size - Element Size : “0.3”
Property : “1”

Mesh Set : [Tapered Plate 2]
Click [Preview] Button

Click [OK] Button

Filled Meash s

D> (5

[I:Eec:nrnv?_tr'ynI Edge->2D Element vl

{v Selected 1 Object(s) a .. Q ...

Source Mesh @ Mone Delete

Size Method e

@) Size () Division 0.3
Ry

] (2]

Tapered Plate 2 a v

Selected 1 Obj @\~
[T Reverse Ends \

? ok (Cance ) (hov ] (55




Model Tree - MlesSh

’ 4

Procedure Ttem ‘D Color

r CUserswMIDASITHDesktop...
0 Tapered Plate 1 & 2> i-+X Coordinate System
..... s Wiew Point
-4 Work Plane
- A Datum

Click Right Mouse > Display o
B

> Element CSys -] Material
[
[

o-HEl Property

- [V B Geometry

@] Bedding Plane

- Export Shape

[-S Mesh Control

-
g [ @ Default Mesh Set 1 [—

0pﬁ Tapered Plate 1 5 Red F)_olor: Front _

W TeperedPlste2 3 ;| (PostiveNormalSide)

- Contact

-EB Element Parameters

-7 Hinge

Blue Color : Back
(Negative Normal Side)

Model Analysis Results

Pre-Works Tree :

e
ey T
psZroses
Tl L

Mesh — Tapered Plate 1 & 2 (Context Menu: Display
> Element CSys

-
B(2)

R (x)

G () /

Tapered Plate 3



/ :] Vesh > Element > Parameter (2D)...

.
Procedure Add/Modify Mesh Parameter u

0 Select [Reverse Normal] Option m 0 0 Other
9 Select [Tapered Plate 2] Mesh Set

[I:Ihmge Cays v]

e Click [OK] Button iE 9 ei

o @ Reverse MNormal (Z-Axis)

e

() Align Element Csys

Base Element (7, x-axis)

| H Select an Element |

i@ Core Coordinate (z-axis)

| 0,0,0]
Shift Orientation
| cow®n || awp |
Property
1 |[1: (Undefined) - | [Ha]

© [ ox | [cancel | Caoiy |




, ‘ Model Tree > IMesh

Procedure

© Drag & Drop [Tapered Plate 2] to
[Tapered Plate 1]

@ Click Merge > OK Button

Maodel o ox

Item i} Color
Gy CUserswMIDASITHDesktop...

-+, Coordinate System

Ao View Point

-3 Work Plane

[+ Datum

-8 Material

=-HE Property

- MIED Geometry

3] Bedding Plane

- Export Shape

[#-Sa Mesh Control

=W & Mesh

...[7 @ Default Mesh Set 1 —
... @8 Tapered Plate 1 I
Bef [rveciroe 5 (1) |
B3 Contact

&8 Elernent Parameters

E-47 Hinge

Model  Analysis  Results

-
Mesh Set Operation u

Operation

Tapered Plate 1

Tapered Plate 2

77 .. ....
Sy
R

Tapered Plate 1
(Merged Mesh Set)
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. -
’ .J Analysis Tree > Function > General Function...

Procedure Analysis i Create/Modify Function
Item D Color
G CHUserstMIDAST#Desktop... - Spatial | Non-spatial e e
@ Cciick Right Mouse > Add eb@runction ... [ |
o iName Thickness i iRefCsys
e Name - “Thickness” T et Add e TR L =
Bl Nen-Hydrostatic Water. e gy [~ Eauation;
e Ref. Csys : [GIObaI Cy"ndnca'] B CrE‘-f?p- FunctiDr? ((:l:n} - a Fram  desessssssssesns IR DS S 18I, 1
7B Shrinkage Strain Funct. “ Value
Q Independent Var. : [R] ~B Creep Shrinkage Funct. | 2 2
e "B Elastic Modulus Functi.. 5 1
~B Plastic Hardening Func. B | 14 0.5 1.8
e Enter “(2, 2), (6, 1), (14, 0.5)” 7B Stress Strain Curve |+ | 1.7 \"
1B Hardening Curve
G Click [Apply] Button -|:B Seepage Boundary Fun. nE
.JoB Unsaturated Property F.. g 2 5
-}2B Monlinear Elastic Funct.. % 11 \
B Strain Compatible Pro... = be \'-h-..,_‘__
--J|-B Respense Spectrum Fu.. ' T
B Time Forcing Function 0.7 ==
-J-B vield Function s ™
_.1nB vield Surface Function i £ 0@ &+ 5 € 7 & & 10 1 12 18 14
Model | Analysis Results S R
1 ’ Srale Value Extrapolation [Closest\u'alue v]
[ OK ][ Cancel H Apply j

o




’ ’ ', Analysis Tree > Function > General Function...

i h
Procedure Create/Modify Function g
0 Name : “Pressure” Spatial | Non-spatial o e e
@ Ref. CSys : [Global Cylindrical] : ¥
i Mame Pressure i Ref.CSys [Glubal Cylindrical v] i Independent Var. |R -
© ndependent Var. : [R] ' 0
Equation ’
Q Equation > From: “2”, To : “14”, R S A From 2 To 14 Inc, 1
{cm) JETT
. k649 11 - % - th :
Inc. : “1” Value : “2*(r-2)(r-2) l Value 25r-2*(r-2) I Calculatee
6 Click [Calculate] Button i 3 §
O cClick [OK] Button 4 g .
5 18 - d
B 32 00
7 50
g 72 . 150 P
g 98 % /
10 128 = 10
11 162
12 200 50
13 242 e
14 238 ¢
z 3 4+ & € T B 8 10 11 1z 13 14
+ i a
1 [ Scale Value Extrapolation [Clnsest'u'alue v]
e[ Ok ][ Cancel ][ Apply ]
b

Tapered Plate 5



’ ,  Static Analysis > Material...

Procedure [ Add/Modify Material

[ Material g
I

e D 1 Mame  Matl| fCoIor |:| E|
© Ciick [Create] Button Mo [lana Type TR F— ]
: Model Type astic g 7 Structu
1 Matl IsotropicElastic : : o Here
e Select [Isotropic] tab General | Thermal | Time Dependent I Temperature Dependentl
e D : “1” Name : “Matlu e}ﬁasﬁcModulus{E) 200000 pjemz E]
) ’ ) ==
Inc. of Elastic Modulus 0| mfeme
@ Wodel Type : [Elastic] | |
Inc. of Elastic Modulus Ref. Height 0| e
. « ” Impart from Y R .
a Elastic Modulus : “2e5” N/cm? Excel e Poisson's Ratio{v) 0.3
Unit Weight(y) 0 Njfem?
© Poisson’s Ratio : “0.3” Export to Excel _ _ ]
Basic Properties (@ Direct Input Using Code  [HE
@ Click [OK] Button Initial Stress Parameters
Ko Determination 1
© ciick [Close] Button e P
H : @) Automatic
e i Clos= |
— Manual Anisotropy HE
.
Thermal Parameter
Thermal Coefficient 1le-006  1/T]
Molecular vapor diffusion coefficient 0| cmzfsec
Thermal diffusion enhancement ]
Damping Ratio{For Dynamic)
Damping Ratio 0.05
Safety Result{Mohr-Coulomb)
Cohesion(C) 3| Mfem?
Frictional Angle(d) 36 | [deq]
Tensile Strength 0| Mfem?2
i
i
i
i
i
Cancel ] Apply
A




Analysis > Property...

Procedure

Create [2D]

Select [Shell] tab

ID: “1” , Name : “Plate”

Material : “1: Matl”

Material CSys : [Element CSys]

Bar Function : Thickness ,Tor T1: “1”

Click [OK] Button

Click [Close] Button

Base Function

=
T2 [i]

T3 0| cm T4 i}

Monstructural Mass 0

Indude Criling DOF

g il
Add/Modify Property =5 Create/Modify 2D Property ﬁ
Mo Marme Type ‘ Shell
1 Plate n o
ID ...... ; Name P e Color l:l IEI
Material o 1: Matl "
Material CSys e s nnesanraens
() Angle 0| [deq]
e ........ L.:.l ............ Thickness
: g ]
T e ’ Uniform Thickness i,
L.

crm

crm

Mfcm?2

Multidayered Grid Detailed Definition

Apply
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4 Model Tree : Property > 2D > Plate ( SheII)

Procedure

o Click Right Mouse Button and Select

[Show Section]

@ sclect [Hide Section]

Model

3o

Itemn
e CUserswMIDASIT#Desktop...
1{ Coordinate System
s View Point
- Work Plane
il Datum
I‘ Material
=-HB Property
1D [0]

D

=8y 20 1]

R 253y plate (Shell)
By D)

{{B Cthers [0]
‘B Undefined [0]
w-WIE7 Geometry
-] Bedding Plane
& Export Shape
@-Sq Mesh Control
- Mesh

- Contact

4

Color

L3

Show Section

Hide Section

Show Assigned
Show Assigned Only
Hide Assigned Only
Show All

Model Analysis Results

Properties

Edit...

Copy
Delete

Rename

1cm

0.5cm



1 Mesh > Node > CSYS...

Procedure

Select All Displayed
CSys : [Global Cylindrical]
Click [OK] Button

Model Tree : Mesh > Tapered Plate 1

Click Right Mouse Button and Select
[Display > Nodal Csys]

Repeat <5> to Hide Nodal CSys

“Ctrl+A” as shortcut for “Select Displayed”

-
Add/Madify Mesh Parameter

=

Mode |1D Iz:] IE’D |0ﬂ1er|

=3 Selected 462 Object(s) o

Change Modal CSys

7] (<)

: [Global Cylindrical

Property
HE

O = (o= )

E:
I lE
-1 Material
[
[

Maodel I x

| Itemn | ID Color
oy ClsersMIDASITHDeskiop...

-+, Coordinate System

..... o Wiew Point

o Work Plane

7 i+ Datum

H-HE Property

- [EP) Geometry
-] Bedding Plane
.2 Export Shape
-5 Mesh Control
-V g Mesh

I 68 Default Mesh Set 1 —

F@ Tapered Plate 1 4 [ ]

[]---‘2 Contact
[]--éﬂ Element Parameters
&-47 Hinge

<« [ PJ

Model Analysis Resulis

Rect. Cyln.
Color
CSys CSys
1 R X R
2 Y 0
1 3 z T
Show
Hide
Show Only
Hide Only
Show <-= Hide
Include/Exclude Elements & Nodes
Display Mode 3
Transparency »
Shrink.. Display Nede ID
Display Element ID
Delete

Nadal Goys,

Rename (F2)

T
4q sta

Element CSys
Material CSys

Qutput

Hide All Labels

Tapered Plate

7



4|

Constraint...

Procedure [

o Boundary Set : [Support]

@ sclect[11 Nodes] (Side A)

© DOF: Check ALL
© Ciick [Apply] Button
© sclect [42 Nodes] (Side B)

e Click Symmetry — [Plane ZX] Button
° Click [Preview] Button

© cCiick [Apply] Button

© sclect [42 Nodes] (Side C)

@ Click Symmetry— [Plane ZX] Button

@ ciick [OK] Button

Use [ “Polygon” Selection

Canstraint

Advanced | Auto

MName Constraint-1
Object
Type INude vl
= Selected 11 Object(s) :
............. DOF S}'mITIEtr“: Plal'lE

%T:-:Ty (ERE I o | vz |

00 = |
i [rx MRy [#]Rz :
= : [] Anti-Symmetric

Vs e

....................................................

- &

) (e ) (o)

Ee [
O D

\ N ‘




|
Static Analysis > Static Load > Press...

Procedure '-rF'ressure o @1

Type : [Face] | Edge g Face l.ﬁ.xisymmeh’ic

Object Type : [2D Element]

Select All Displayed

[.'Z‘D Element vE

Direction : [Normal] |

(3 JI=3 Selected 410 Object(s) I

Check off [Uniformly ...]

Base Function : [Pressure]

APy LT T
4-‘~ﬁ'ﬂtgﬂ,",;:,n¥;¥3.¥2,"WW@W
et e AL e e

' A Y]
Wt YOt

P1"’P4 . “1!! LTI TP RP PPy

Click [Preview] Button e
v Y

Load Set : [Load]

“L\\“

Click [OK] Button

0 -
PorP1 1} Njem?
o

P2 1{ Njcm?
P3 1{ Njem?
P4 1} Njem3
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:: Analysis > Analysis Case> General...

Procedure Add/Madify Analysis Case

Analysis Case Setting

© Tite : “Stress Evaluation”

@ solution Type : [Linear Static] | W oW S— . analysss Control (B8}
! solutionType  |LinearStatic i o - Output Cantral 8

e Drag & Drop [SUPPO"t] & [Load] Construction Stage Set

to [Active SetS] Window Analysis Case Model

Al Sets Active Sets
@ Click [OK] Button o @ Mesh = g Mesh
11 Default Mesh Set P Default Mesh Set
Pl Mesh ] B Fill Mesh
Boundary Condition '

=88 Boundary Condition

- R . & St o
X2 static Loa E|.,V static Loa
% Load 1 % Load
B Cantast Paie o Contact Pair

[ solve Each Load Set Independently Sorting Mame v] [ CK H




‘ Analysis > Solve...

Procedure Model rPx M= [ Fea hix solver e

Item D Color
7y CUsersMIDASIT#Desktop. | Name | Type
Model Tree : [Geometry] -+ Coordinate System Stress Evaluation Linear Static
..... L+ View Point o

Click Right Mouse Button - Work Plane

F
. [ Datum
and Select [Hide All] -1 Material o
w-HB Prope

Analysis > [Perform ...]

[mls] Geometry

b it s Show All
ﬂ Bedding Plane freeeeirres i g 1
Click [OK] Button 38 export Shape Hide All £
G-~ Mesh Control Show <-> Hide .
G- g8 Mesh [l check onfoff ° i (a4 ] ’ Cancel
New GeometrySet | (| @ W i
- Contact i
[-£2 Element Parameters Import...
/7 Hinge Simplify...
Output
Transform 4 > Analysis data & transferred to solver successfuly.
> READING INPUT FILE [C-#tUserst¥MIDASIT#¥Desktop*FEA NX4¥Basic Tutorialy 04_Tapered Plate'Tapered Piate_Stress Evaluation.mec]
. >
DI5p|3)f Mode » > PERFORMING ANALYSIS TYPE=[LinearStatic] LABEL=[Linear Static]
> - SETUP ANALYSIS
Tra nsparency 3 > MULTI-FRONTAL SOLVER (AUTO SELECTED)
> [PROBLEM INFO]
> NUMBER OF NODES  : 280
; Sort 3 > NUMBER OF ELEMENTS :234
Model| Analysis Results > NUMBER OF DOFS  : 1680
> NUMBER OF EQUATIONS : 1404
> - RUN ANALYSIS
> - BULDING KU=F
>
> - SOLVING KU=F
>  FACTORIZATION COMPLETED
> - DATA RECOVERY
> - COMPUTING OUTPUT DATA
> - WRITING OUTPUT FILE
> - RESULT SUMMARY
> MAXIMUM TRANSLATION : -1.8075E-01(T3:101), MAXIMUM ROTATION : 2.4251E+00(R2:129)

> MAXIMUM STRESS : 0.0000E+00(1D:0), 4.5301E+10(2D:229), 0.0000E+00(3D:0)
> ANALYSIS WALL CLOCK TIME : 2.008 sec
> ANALYSIS COMPLETED

>

> [SYSTEM INFO]

> NUMBER OF THREADS  : 1

> MAXIMUM MEMORY USAGE : 87 MB

> AVAILABLE MEMORY  : 6400 MB

> TOTALCPU TIME  : 0.233 sec

> WALL CLOCK TIME  : 2.184 sec

> TOTAL WARNINGS : 0

<Output Window> Analysis Procedure and Messages

Tapered Plate 9



L < Result Tree :

@, Stress Evaluation > Linear Static > Shell Element Stress

Procedure — -

@ Double Click [S-VON MISES,
TOP]

| Item | ID Color
2y CUsersWMIDASITHDesktop. -
B Post Style
Drefault Style
a@ Stress Evaluation
=B Linear static
w- B Displacements
E-# Grid Forces
m-#p Reactions
m-f_] Shell Element Forc.
915_—_| Shell Element Stre..

m

{7 S-XX TOP
-{7] s-vy TOP
{7] S-ZZTOP
£ S-XY TOP
-{] S-MAJOR PRIN.
-+£7] S-MINOR PRIN.
-{] S-MAX SHEAR..

B35} 5-VON MISES On:

7] S-MAJOR FRIN.

< [ pJ

SHELL STRESS
SWON MISES TOP , Nicn™2

+4,32449+004

6.5%
+4.10595e+004

7.9%
+3.88740+004

6.7%

Model Analysis  Results




" rost > EXxtract Result...

Procedure [ Extract Results - —r—

Output Data
@ Result Type: Hpatbe

Analysis Set [Stress Evaluation

Result Type [ShEIIElementStresses o

Click [S'VON MISES TOP] ‘ Results [SJUIDN MISES TOP vL
Linear Statics:S-VON MISES TOP] e

(ISt R It Step: Results
a ep : Resu :
[Step ] | [J]Linear Static:5-VON MISES TOP

[Shell Element Stresses]

Order :

Element — [Element]

Select [41 Elements]

(Red Colored Elements in Figure) Select All ] | Unselect Al J
Click [X Dir] Button Orcier

Check on [Ascending] ©step ® Node/Bement
Extraction Position in Element : Object e e .
[Center] © Node O Hement

Click [Table] Button Element Result Extraction
(@ User Defined

Select Object 555 385 575 585 585 6056151

Sort [ X E[ X ][ z ]Asoending
Use 3k “Polyline” Selection.

() Maxdrmum v Minimum () Abs, Max

Only Show Mode/Element

Extraction Position in Element gCenter 0
e [ Table E [ Close ]

“R Direction” in Cylindrical CSys
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/ |, Click Two Column Headers > R and Stress Evaluation(1)

MS-Excel Compatible table

Linear Static
Ho Element [c)r(n} (cfn} [c?n} S
(njem?2)
1 555 1,3464512+001  3.232543=+000 | 0.000000=+000 172157224004
2 565 1.317550e+001 3.163397e+000 0.000000e+000 1.757974e+004
3 575 1,288849¢+001 3.0942522+000 0.000000=+000 178745 1=+004
E} 535 1.260048e+001 3.025107e+000 0.000000e+000 1.821750e+004
5 555 1.231246+001 2.9559622+000 0.0000002+000 1.8694382+004
a 605 1.202445e+001 2.856815e+000 0.000000e+000 1.935103e+004
7 615 1.173644e+001 2.817671e+000 0.000000e +000 2.019492=+004
8 625 1.144843e+001 2.743526e+000 0.000000e+000 2.120641e+004
9 635 1.116042e+001 2.679380e+000 0.000000e +000 2.235143=+004
10 645 1.087241e+001 2.610235e+000 0.000000e+000 2.359172e+004
11 655 1.058440e+001 2.541090e+4000 0.000000e +000 2.439113=+004
12 665 1.029639e+001 2.471944e+000 0.000000e +000 2.621901e+004
13 675 1.000838e+001 2.402799e+000 0.000000e +000 2. 7551262 +004
14 685 |9.720367e+000  2.333654e+000 0.000000e+000 2.836988=+004
15 695 9,432355e+000 2.2645092+4+000 0.000000e+000 3.016232e+004
15 705 9,.144345e+000  2,195353e+000 0.000000e+000 3.142079e+004
17 715 8.856334e+000 2.126218=+000 0.000000e+000 3.264129=+004
13 725 8.568324e+000 2.057073e+000 0.000000e+000 3.382293e+004
19 735 8.280313e+000 1.987927=+000 0.000000e+000 3.49676 1e+004
20 745 | 7.992302e+000  1.9187322+000 0.000000e+000 3.607972+004
21 755 7.7042914+000 1.849637=+000 0.000000e+000 3. 7165738 +004
22 765 | 7.416280e+000  1.780491=+000 0.000000e+000 3.823467=+004
23 F75 7.1282659=4+000 1.711346e+000 0.000000e+000 3.92978%=+004
24 7385 | 6,840258e+000 1,642201=+000 0,000000e+000 4.036938e+004
25 795 6.552247=4+000 1.573056e+000 0.000000e+000 4, 146870 +004
268 805 | 6,264237e+000  1,503910e+4000 0.000000e +000 4,261757e+004
27 815 5.975226e+000 1.434755e+000 0.000000e+000 4,384578e+004
28 545 | 5,693358e+000  1,366854=+000 0,000000e+000 4,185294e+004
29 535 5.415633e+000 1.300179e+000 0.000000e+000 3. 7440022 +004
30 525 | 5,137908e+000  1,233503e+000 0,000000e+000 3.33448 5e+004
31 515 4.860134e4+000 1.1668272+000 0.000000e+000 3.087966e+004
32 505 4,58245%e+000 1,100151=+000 0,000000e+000 2.840984e+004
33 495 4,304734e+000  1.033475e+000 0.000000e+000 2.633792e+004
34 435 4.027009e+000 5.6675%4e-001 0.000000e+000 2.459354 +004
35 475 | 3.749284e 4000 9.001236e-001 0.000000e+000 2.312759+004
3% 465 3,471560e+000  §.3344782-001 0.000000=+000 2,130953=+004
37 455 3.193835e+000  7.667719e-001 0.000000e+000 2.0928 16e+004
3 445 29161104000 7.000961=-001 0.000000=+000 2,0196922+004
39 435 2.638385e+000 ©.334203e-001 0.000000e+000 1.9767 16e+004
) 425 2,360661=+000  5.6674452-001 0.000000=+000 1.9756572+004
41 415 2.052930e+000 5.000686e-001 0.000000e+000 2.041135=+004




