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Case Analysis: Non-Linear Analysis
Constraint: Fixed Support, Rigid Link

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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) —#11 (Polypropylene)

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




Define Material

all

R

Mame FRP

17-4PH, H1100

AISI 1020

AISI 1060

AISI 304 55 Annealed
AISI_310_55

AISI 410 55
AISI_Steel_1005
AISI_Steel_1008-+HR
AIST 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
Flain Carbon Steel
5/5teel_PH15-5
SAPH-400

SES08

SGEACC

SGACEN
SGARC340-E

SGCC

S5GCD1

Steel

Steel_Rolled
SUS304

505316

5053160

Wrought Stainless Steel
Ductile Iran

Gray Cast Iron
Iron_40

Iron_60
Iron_Cast_G25
Iron_Cast_G40
Iron_Cast_Ge0
Iron_Malleable
Iron_Modular
Mallezhls Cazt Tran

Load

Edit

Elastoplastic | Thermal |

color | [N =

Coord. Sys. |MNaone

‘L

r Structural
Elastic Modulus

Poiszon's Ratio

Mass Density

30000 N/mm?2

1.5e-08 kgfmm?

Thermal Expansion
Expansion 0

Ref Temperature 0 [=q]

— Factor of Safety Calculation

Failure Theory

Tension

0 Nfmmz

Mone o

Compression 0 Njmm2

8 Elastoplastic

Plastic Hardening Curve
Stress Strain Curve

Hardening Rule

Combined hardening factor

None _Fuetion |7
Fonction |+ |

Mone

Isotropic

0 Perfect Plastic
Yield Stress

400 M frm

~ General

Mass Proportional Damping

Stiffness Proportional Damping

0 1jsec

0 sec

MIDAS \
AU THEME
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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




Define Material

all w  Name Alloy Steel Color |l -~ Coord. Sys. 1one v D
Elastoplastic | Thermal
17-4PH, H1100
AISI 100 r Structural
AISI 1060 Th IE )
AISI 304 55 Annealed Elastic Modulus 210000 1yjmm?2 ermal Evpansan
AISI_310_53 — Expansion 1.3e-05
AISI_410_S5 Poisson's Ratio 0.28 -
ﬁg_gie:_ggg-mq — Ref.Temperature 0 [=q]
e i 7.7e-06 2 —
AISI 4340 Annealed Mass Density kg/mm
AISI_Steel_Maraging
Alloy Steel ~ Factor of Safety Calculation
Cast Alloy Steel i
Cast Carbon Steel Failure Theory Mone ~
Cast Stainless Steel ) i
Chrome Stainless Steel Tension 0 pfmmz Compression 0 Mfmm2
FC250
Ealvlanized Steel ] Elastoplastic
P- .
Hp-4 Plastic Hardening Curve Mone M
Inconel_718_Aged ]
Plain Carbon Steel Stress Strain Curve Mane Function [+ |
5/Steel_PH15-5
SAPH-400 Hardening Rule Isotropic
SES08
SGACC Combined hardening factor a
SGACENM
SGARC340-E Perfect Plastic
ggggl Yield Stress 0 pfrarnz
Steel
Steel_Rolled — General _
SUS304
5U5316 Mass Proportional Damping 0 1fsec
SUS3168L -
Wrought Stainless Steel Stiffness Proportional Damping 0 sec
Ductile Iron —_—
Gray Cast Iron
Iron_40
Iron_60
Iron_Cast_G25
Iron_Cast_G40
Iron_Cast_God
Iron_Malleable
Iron_Modular
Mallrahls Cact Tran

Load Edit
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Ly Matedsl  Contact] Constaint Weld Croanihy Fopce  Concentiated  Poessuie Towque  Rotehionel — Enfosced Ternperatue
Conditions Comdition Ilasz Foure  Displacernent Temperat'lue

Define Boundary Condition

G G

Mame  Boundary-1

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

Type |Glubal Coordinate System |

MIDAS \
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Ly Mateds]l  Contact  Consheadn Figid Weld Croanihy Fopce  Concentiated  Poessuie Towque  Rotehionel — Enfosced Ternperatue
Conditions Comdition Linl Ilasz Foure  Displacernent Temperat'lue

Define Rigid Link

Mame  Rigid Link Property-1

Link o~
— Master
) Geometry [dselected 1 Objec. ..

Pasition 0,0,0

~ Dependent

| Selected 1 Object(s)

MIDAS %
AU THEME




LR

AMIR | aslf
J, B LESANEZT | L UOOKL M

Ly Mateds]l  Contact  Conshednt  Fizmd Weld Croanihy Fopce  Concentiated  Poessuie Tovque  Rotehionel]  Enfosced
Conditions Comdition Linl Ilasz Fouce | Displacernend Terrpssstume

Ternperatue

Define Enforced Displacement

Mame  Displacement-1
| Selected 1 Object(s) |

Reference Object o

Type |Glnbal Coordinate System V|

Direction i
Tx 0 mm Rx W]
Ty [ rmm Ry 0
Tz  -200 mm Rz 0

o\ Simy,
o ey,

MIDAS \
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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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Deformations
DISPLACEMEMT-2YZ

+266.62736
3.9%

+262.74194
5.4

+2358.85630
2.
+214.97065
9.6%:
+191.03506
f,3%

+167.19942
1.58%:

+143.31380
+119,42817
1.0%%
=——+95,54254
0.9%,
=——+71.65691 -
1.0%: 2
+47. 77129
1.5%:
+23.88566
65.8%
+0.00003
Monlinear Skakic-1
Sub Case-1
INCR=50 (LOAD=1,000)
Uik mimn

MIDAS
2HUTEERE
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STRESS VON MISES

Stress

STRESS WOM MISES

+400, 00000
0.4%
+366.66667
0.1%
+333.33333
0.1%
— +300, 00000
0.1%:
— +266,66667
0.1%
= +£33.33333
0.2%
— +200, 00000
0.5%
= +166. 6666
3.1%:
— +133.533353534
1.9%:
== +100, 00000
3.6%
+66. 66657
5.3%
+33.333353
4. 1%
+0.00000

Monlinear Skakic-1

Sub Case-1

INCR="50 (LoAD=1,000)

Unit : Mfmm™2

Stress

STRESS WOM MISES

+400, 00000
0.4%
+366.66667
0.1%
+333.33333
0.1%:
— +300. 00000
0.1%
— +266. 666065
0.1%
— +233.33333
0.2%
— +200, 00000
0.5%
= +166.66666
3.1%
— +133.33334
1.9%:
= +100, 00000
3.6%
+66, 66667
5.53%
+33.33334
g4, 1%
+0.00000

Monlinear Skatic-1

Sub Case-1

INCR=50 (LOAD=1,000)

rik ¢ Mfrar™2
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STRESS VON MISES

Stress

STRESS WOM MISES

+355.00000
0,5%:
+325.41674
0.1%:
+293,563347
0.1%
— +266,25021
0.1%
— +236,.66695
0,2%
_ +207.08365
0.4%:
| +177,50042
2.8%
| +147,91715
1.58%
= +118,33390
1.7%:
— +585. 75063
3.6%
+59.16737
a.0%:
+29.55410
82.6%
+0.00034

Monlinear Skatic-1

Sub Case-1

IMNCR.=50 (LOAD=1,000)

Init ¢ Mimm™2

Stress

STRESS WOM MISES

+15.00000
30.5%:
+13.779:22
2.6%:
+12.55843
2.3%
— +11.33764
2.6%
— +10.11656
2.6%
— +5.59607
2.4%:
= +7.67529
2.28%:
| +6.45450
2.8%
= +5.23372
5.6%
— +4.01293
3. 9%
+2.79215
a.4%s
+1.57136
25.0%:
+0.35055

Monlinear Skakic-1

Sub Case-1

INCR=50 (LOaD=1,000)

Unik ¢ M2
74



vakiks FORCE DISPLACEMENT CURVE
= q[ 1 "E @ BB

Ly Analy=is Point | Reaction Fooee Ponnecting Load  CnCuore Helect Fealt
Conditions Eesultz Walue Caleulation Caleulation Dhagrarm Result Flle Corrpedsom Froint Resulis

Reaction

| |:| Selected 1 Object(s)

Sub Case-1: INCR=50 (LOAD=1.000) | Calculation

Name Yalue
FX 0.0
= 0.0
FZ 0.0
M 0.0
MY 0.0
MZ 0.0
Step &

Multi-step result table

Step : Result

Sub Case-1: INCR=0 (LOAD=0.000) I

Sub Case-1: INCR=1 (LOAD=0.020)
Sub Case-1: INCR=2 (LOAD=0,040)
Sub Case-1: INCR=3 (LOAD=0.060)
Sub Case-1: INCR=4 (LOAD=0.080)
Sub Case-1: INCR=5 (LOAD=0. 100)
Suh Case-1 @ TNCR =6 {1 OAN=0. 120




vakigs FORCE DISPLACEMENT CURVE

Multi-step result table

Step FX FY FZ MX MY MZ
0.000 0.000e-+00 0.000e+00 0.000e +00 0.000e+00 0.000e+00 0.000e+00
0.020 0.000e-+00 0.000e+00 -1.118e+01 0.000e+00 0.000e+00 0.000e+00
0.040 0.000e-+00 0,000 -+00 -8.182=+01 0.000e+00 0.000e+00 0.000e+00
0.060 0.000e-+00 0,000 -+00 -1.219=+02 0.000e+00 0.000e+00 0.000e+20
0.080 0.000e-+00 0,000 -+00 -1.615e+02 0.000e+00 0.000e+00 0.000e+00
0.100 0.000e-+00 0.000e+00 -2.007e+02 0.000e+00 0.000e+00 0.000e+00
0.120 0.000e-+00 0.000e+00 -2.394e +02 0.000e+00 0.000e+00 0.000e+00
0.140 0.000e-+00 0.000e-+00 -2.7foe+02 0.000e+00 0.000e+00 0.000e+00
0.160 0.000e-+00 0.000e-+00 -3.1535e+02 0.000e+00 0.000e+00 0.000e+00
= 0.130 0.000e-+00 0.000e+00 -3.529e+02 0.000e+00 0.000e+00 0.000e+00
3 0,200 0.000e-+00 0.000e+00 -3.900e+02 0.000e+00 0.000e+00 0.000e+00
0.220 0.000e-+00 0.000e+00 -4, 267e+02 0.000e+00 0.000e+00 0.000e+00
0.240 0.000e-+00 0,000 -+00 -4.631e+02 0.000e-+00 0.000e-+00 0.000e-+00
0,260 0.000e-+00 0,000 -+00 -4.992e+02 0.000e-+00 0.000e-+00 0.000e-+00
0,230 0.000e-+00 0,000 -+00 -5.399e+02 0.000e-+00 0.000e-+00 0.000e-+00

2HUTEER
%"nmﬂ‘f




VAR ik FORCE DISPLACEMENT CURVE

Fy Fz Iteration Value F resultant
0.00E400  0.00E+00  0.00E+00 0 0
0.00E+00  0.00E+00  -4.12E+01 2 41.18
0.00E400  0.00E+00  -8.18E+01 a4 81.82
0.00E+00  0.00E+00  -1.22E+02 6 121.9
0.00E+00  0.00E+00  -1.62E+02 8 161.5
0.00E400  0.00E+00  -2.01E+02 10 200.7
0.00E+00  0.00E+00  -2.39E+02 12 239.4 .
0.00E400  0.00E+00  -2.78E+02 14 277.6 Chart Title
0.00E+00  0.00E+00  -3.16E+02 16 315.5 1800
0.00E400  0.00E+00  -3.53E+02 18 352.9 1600
0.00E+00  0.00E+00  -3.90E+02 20 390 1400
0.00E+00  0.00E+00  -4.27E+02 22 426.7 1200
0.00E+00  0.00E+00  -4.63E+02 24 463.1 1000
0.00E+00  0.00E+00  -4.99E+02 26 499,2
0.00E400  0.00E+00  -5.35E+02 28 534.9 500
0.00E+00  0.00E+00  -5.71E+02 30 570.5 500
0.00E+00  0.00E+00  -6.06E+02 32 605.7 400
0.00E+00  0.00E+00  -6.41E+02 34 640.7 200
0.00E400  0.00E+00  -6.76E+02 36 675.5 0
0.00E+00  0.00E+00  -7.10E+02 38 710 0 20 40 60 80 100 120
0.00E+00  0.00E+00  -7.44E+02 40 744.1
0.00E400 | O.00E400 | -7.77E402 42 7774 Red Line: Linear curve (theoretical)
0.00E+00  0.00E+00  -8.10E+02 810.3 ) :
0.00E100 | 0.00E100 | 2435402 s Blue Line: Non linear curve (actual)

0.00E+00 0.00E+00 -9.05E+02 904.6

44
46
0.00E+00 0.00E+00 -8.74E+02 43 &73.9
50
0.00E+00 0.00E+00 -9.35E+02 52 934.7
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