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Case Analysis: Non linear Analysis
Constraint: Fixed Support

Material: AISI 1060, AISI 304, Polypropylene, FRP, TPR
Load: Force
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Add(|sotropic-Elastoplastic)

Add(lsctropic-Hyperelastic)
Add{Orthotropic-LinearElastic)

Define Material

All

e

17-4PH, H1100

AISI 1020

AISI 1060

AISI 304 55 Annealed
AISI_310_55
AISI_410_55
AISI_Steel_1005
AISI_Steel_1008-HR
AISI 4340 Annealed
AISI_Steel_Maraging
Alloy Steel

Cast Alloy Steel
Cast Carbon Steel
Cast Stainless Steel
Chrome Stainless Steel
FC250

Galvanized Steel
Hp-1

Hp-4
Inconel_718_Aged
Plain Carbon Steel
5/5teel PH15-5
SAPH-400

SES08

SGACC

SGACEN
SGARC340-E

SGCC

SGCD1

Steel

Steel_Rolled
55304

SUS316

SUS316L

Wrought Stainless Steel
Ductile Iran

Gray Cast Iron
Iron_40

Iron_50
Iron_Cast_G25
Iron_Cast_G40
Iron_Cast_G&0
Iron_Malleable

Iron_Modular
Mzllazhle maat Tran

EAr7i (AISI 1060)

Name  AISI 1060

Elastoplastic | Thermal

Color [ | =

Coord, Sys. |Mone

r Structural

Elastic Modulus 212000 Mjfmm2
Poisson's Ratio 0.29

Mass Density 7.85e-06 kgfmm?

Thermal Expansion
Expansion

Ref.Temperature

1.1e-05

0 I=q]

~ Factor of Safety Calculation
Failure Theory None

Tension 0 Nfmmz

Compression

0 Njmmz

18 Elastoplastic

Plastic Hardening Curve None

Stress Strain Curve None

Hardening Rule Isotropic

Combined hardening factor

Fuonction |-

Fupction |+ |

O Perfect Plastic
Yield Stress

355 Njmmz

r General

Mass Proportional Damping

Stiffness Proportional Damping

0 1fsec

0 sec

Load

Edit
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Define Material

Mame AISI 30455 Annealed

Color [ | =

g b

all ~ Coord. Sys. |Mone
Elastoplastic | Thermal

17-4PH, H1100

AISI 1020 r Structural

AISI 1060 Thermal Expansion

ATSI 304 S5 Annealed Elastic Modulus 197000 Njmm? i

AISI_310_55 Expansion 1.7e05

AISI_410_55 Poisson's Ratio 0.27

v s [ 01
il - i 3

ATSI 4340 Annealed Mass Density 783508 kgjmm

AISI_Steel_Maraging

Alloy Steel r Factor of Safety Calculation

Cast Alloy Steel .

Cast Carbon Steel Failure Theory e -

Cast Stainless Steel ) .

Chrome Stainless Steel Tension 0 Njmm? Compression 0 Nfmm2

FC250

Galvanized Steel ) Elastoplastic

Hp-1 .

Hp-4 Plastic Hardening Curve None Function |~ |

Inconel_718_Aged -

Plain Carbon Steel Stress Strain Curve None Function. | ~ |

SfSteel_PH15-5

SAPH-400 Hardening Rule Isotropic

SES08

SGALCC Combined hardening factor 0

SGACEN

SGEARCI40-E 0 Perfect Plastic

SGCC Yield Stress 215 Mfmm?

SGCD1

Steel

Steel_Rolled — General

SUSs304

SUS316 Mass Proportional Damping 0 1fsec

SUS316L

Wrought Stainless Steel Stiffness Proportional Damping 0 sec

Ductile Iron -

Gray Cast Iron

Iron_40

Iron_g0

Iron_Cast_G25
Iron_Cast_G40
Iron_Cast_G6&0
Iron_Mallesble
Iron_Modular
Malleahle Caat Tron

Load
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wr

17-4PH, H1100

AISI 1020

AISI 1060

AISI 304 55 Annealed
AISI_310_55
AISI_410_55

AISI Steel_1005
AISI Steel_1008-HR
AISI 4340 Annealed
AISI_Steel_Maraging
Alloy Steel

Cast Alloy Steel
Cast Carbon Steel
Cast Stainless Steel
Chrome Stainless Steel
FC250

Galvanized Steel
Hp-1

Hp-4
Inconel_718_Aged
Plain Carbon Steel

5 /5teel_PH15-5
SAPH-400

SES08

SGACC

SGACEM
SGARC3I40-E

SGCC

SGCD1

Steel

Steel_Rolled
SUS304

S5US316

SUs316L

Wrought Stainless Steel
Ductile Iron

Gray Cast Iron
Iron_40

Iron_60
Iron_Cast_G25
Iron_Cast_G40
Iron_Cast_Ga0
Iron_Malleable
Iron_Modular
Mall=shls Cast Tran

Mame PP Color |l = Coord Sys. 1iore ~ E|
Elastoplastic | Thermal
r Structural
Th | E i
Elastic Modulus 1180 N fmmz2 Ermal Expansion
- Expansion 0
Poisson's Ratio 0.402
- Ref Temperature 0 [=q
Mass Density 8.92-07 kgfmm?
r Factor of Safety Calculation
Failure Theary Mone v
Tension 0 Njmm2 Compression 0 Njmm?2
8 Elastoplastic
Plastic Hardening Curve Mone Fnction |~ |
Stress Strain Curve None Fonction | ¥ |
Hardening Rule Isotropic
o
O Perfect Plastic
Yield Stress 15 pjmm?
General
Mass Proportional Damping 0 1jsec
Stiffness Proportional Damping 0 sec

Load

Edit




A2 114 (FRP)

Define Material

all

H

17-4PH, H1100

AISI 1020

AISI 1060

AISI 304 55 Annealed
AISI_310_85
AISI_410_55
AISI_Stesl_1005
AISI_Steel_1008-HR
AISI 4340 Annealed
AISI_Steel_Maraaing
Alloy Steel

Cast Alloy Steel
Cast Carbon Steel
Cast Stainless Steel
Chrome Stainless Steel
FC250

Galvanized Steel
Hp-1

Hp-4
Inconel_718_Aged
Plain Carbon Steel
S/Steel_PH15-5
SAPH-400

SES08

SGACC

SGACEM
SGARC340-E

SGCC

SGCD1

Steel

Steel_Rolled
SUS304

SUS316

SUS316L

Wrought Stainless Steel
Ductile Iron

Gray Cast Iron
Iron_40

Iron_s0
Iron_Cast_G25
Iron_Cast_G40
Iron_Cast_Go0
Iron_Malleable
Iron_Modular
Mallaahle Cact Tron

Load

Edit

Mame FRP Color | =| coord. Sys. [1ione v |I|
Elastoplastic | Thermal
r Structural
. Thermal Expansion
Elastic Modulus 30000 njmm2
Expansion 0
Poisson's Ratio 0
- Ref. Temperature 0 =]
Mass Density 1.5e-06 kgfmm?
~ Factor of Safety Calculation
Failure Theory Nane ~
Tension 0 Njmm2 Compression 0 Nfmm2
8 Elastoplastic
Plastic Hardening Curve None
Stress Strain Curve None __Fumiion ."
Hardening Rule Isotropic
Combined hardening factor 0
0 Perfect Plastic
Yield Stress 600 Mjmm2
r General
Mass Proportional Damping 0 1fsec
Stiffness Proportional Damping 0 sec
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—#14 (TPR)

Define Material

Al

Mame TFR

17-4PH, H1100

AISI 1020

AISI 1060

AISI 304 55 Annealed
AISI 310 S5

AISI_ 410 55

AISI Steel 1005
AISI_Steel_1008-HR
AISI 4340 Annealed
AISI_Steel_Maraging
Alloy Steel

Cast Alloy Steel
Cast Carbon Steel
Cast Stainless Steel
Chrome Stainless Steel
FC250

Galvanized Steel
Hp-1

Hp-4
Inconel_718_Aged
Plain Carbon Steel
S/Steel_PH15-5
SAPH-400

SESD8

SGACC

SGACEN
SGARC340-E

SGCC

SGCD1

Steel

Steel_Rolled
SUS304

SUS316

S5US316L

Wrought Stainless Steel
Ductile Iron

Gray CastIron
Iron_40

Iron_&0
Iron_Cast_G25
Iron_Cast_G40
Iron_Cast_G60
Iron_Malleable

Iron_MNodular
Mzll=zhls Cast Trom

Load

Elastoplastic | Thermal |

Color - -

Coord. Sys.

MNaone A D

r Structural
Elastic Modulus 10 Njmm2 L= o
Expansion 0
Poisson's Ratio 0.49
- Ref. Temperature 0 [=q]
Mass Density 8.9e-07  kg/mm?
— Factor of Safety Calculation
Failure Theory Mone i
Tension 0 Nfmmz Compression 0 Njmmz
| Elastoplastic
Plastic Hardening Curve None
Stress Strain Curve MNane Function |+
Hardening Rule Isotropic
Combined hardening factor 0
Perfect Plastic
Yield Stress 0 Moz
r General
Mass Proportional Damping 0 1/sec
Stiffness Proportional Damping 0 sec
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Define Boundary Condition

G G

Mame  Boundary-1

Select o
Face | Selected EOI:njen:...I
Reference Object o

Type |Glubal Coordinate System |
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e
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Contact
Condition

Define Force

Consteaant Fizd Spng We
Link

Mame  Force-1
Load Category o
Load Type | Force e |
O Total Individual
Selected 2 Object(s)
Reference Object o

Type |G|u|::a| Coordinate System Vl

Direction &
X 0N

Y 0 N
Fi -500 M

=0

Choavity

Fouce

P OO ¥ b

Towque  Rotehionel — Enfosced

Foice

Concentiated  Pressue
lass

Thsplacerent Temperat'lue

il

Ternperatue
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Contact | Constesdnt Fazd Weld olt Croanihy Fopce  Concentiated  Poessuie
Cmuiltlms Condition ' Ilass

Define Contact

A

| Selected 7 Object(s) |

Type

|WE|dEd Contact w |

Coeffident of friction ]
Mormal Stiffness factor 0.1

Tangential Stiffness factor 0.01

Search Range -
8 Auto 0.745906 mmm

MIDAS
HTERER

il

Ternperatue

9O ¥ b

Towque  Rotehionel — Enfosced
Foice  Displacerment Temperat'lue




v [ Nonlinear Static-1

m Restart Control
> © Model(7)
ﬂ Connect Condition
W m Sub Case-1
m Sub Analysis Control
> B Boundary(1)
> 1 Load(1)
> B contact(12)

Analysis Control

{} o8

Nonlinear Control -

Geometric Nonlinear

Mumber of Increments 10

- LOMVErgence Lritena j trror lolerance
Displacement 0.001
Load 0.001
Work 1e-06
~ Intermediate Qutput
|E\;'E:r!‘|I Mon-bisecting Increment N 1

‘ Advanced Menlinear Parameter ‘

MiDAs ~ il )
A TIREE W

Define Grid

Geometry Body(1330)

Value

. Automatic - Relative Grid Density

High Medium Low

X 3
¥ 22
Z 4

' User Defined (Mumber of Divisions)

- User Defined (Grid Size)
Length 10 mm

~—— Relative Geometric Feature Size
(0.1: Refined, 10. : Rough)

(0. 1~10) 1

(0,001 : Accurate, 3. @ Robust)

(0,001 ~3.) 0.003

Stabilization for Hyperelastic material

Adapt Grid Crientation to Shape

Increased Integration Accuracy
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mEm

Deformations
DISPLACEMEMT-=YZ

+207, 70030
4.0%
+190.39213
6,75
+173.08375
4.0%
+155. 77538
3.1%
+133. 46701
4.53%
——+1Z1.15363
2.5%
+103. 85026
1.1%
+86.54185
1.3%:
+69,23351
1.1%
——+51.92514
1.3%
+34.61676
1.9%
+17.308359
6. 6%
+0.00001

Monlinear Skakic-1

Sub Case-1

INCR=10 (LOAD=1,000)
Uik mnn

o\ Simy,
o /:,/’
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STRESS VON MISES

Stress

STRESS WOM MISES

+355.00000
0.0%
+325.41674
0.0%
+295.83346
0.2%
— +266,25020
0.2%
— +236.66694
0.1%
_ +207.058365
0. 2%
[ +177.50039
0.2%
| +147.,21712
0.6%
= +118.33386
2.2%
— +88.75059
1.6%:
+59.16732
5%
+29.55405
a7 4%
+0.00075

Monlinear Skatic-1

Sub Case-1

INCR.=10 (LOAD=1,000)

Init ¢ Mimm™2

Stress

STRESS WOM MISES

+355.00000
0.0%:
+325.41674
0.0%
+295.83346
0.2%
— +266,25020
0.2%
— +236.66694
0.1%:
—_ +207.08365
0.2%
= +177,50039
0.2%
| +147.91712
0.6%
= +118,33386
£.59%
= +85.75059
1.6%:
+59.16732
&.3%
+29.58405
a7 4%
+0.00075

Morlinear Skatic-1

Sub Case-1

INCR=10 (LOAD=1,000)

rik ¢ M2
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STRESS VON MISES

Stress

STRESS WOM MISES

+355.00000
0.0%:
+325.41677
0.0%
+295,83351
0.2%
— +266, 25025
0.2%
— +236.66705
0.1%:
—_ +207,08379
0.2%
= +177,50056
0.2%
| +147,91731
0.6%
— +118,33403
£.59%
= +85. 75054
1.6%:
+59. 16760
&.3%
+29.55436
a7 4%
+0.00112

Morlinear Skatic-1

Sub Case-1

INCR=10 (LOAD=1,000}

T

Stress

STRESS WOM MISES

+290,99509
0.2%:
+266,75754
0.2%
+242,51953
0.1%
— +215.283133
0.1%
— +194,04309
0.1%:
_ +1659,50452
0.2%
= +145,56653
0.5%
| +121,32832
2.3%
= +97.09005
1.0%:
— +72.85182
2.8%:
+48.61357
8.1%
+24.375352
G4.9%:
+0.13707

Morlinear Skatic-1

Sub Case-1

INCR=10 (LOAD=1,000)

rik ¢ M2
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