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Analysis Case Medel =1
Material Color
Mame  Linear Analysis-2 m Mode] Setting
S > E QO Bodytd
> & Matessl Add(lsotropic-Elastoplastic)
G @ O > O Contactid) Add(lsotropic-Hyperelastic)

Linear
Static

@
@

Thermal
Stress

&

Transient
Response

o
©

Response
Spectrum

(TR)Thermal
Stress

Madal

Prestress

Freguency
Response

Monlinear
Static

Steady Heat
Transfer

D

Topology
Optimization

Random
Response

(9

Transient
Heat Transfer

O Connect Conditi
> M B Bowdsoil)
> E1 Lean

Add{Orthotropic-LinearElastic)

Define Material

All

e

ey (SUS304)

17-4PH, H1100

AISI 1020

AISI 1080

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_715_Aged
Plain Carbon Steel
5/Steel_PH15-5
SAPH-400

SES08

SGACC

SGACEN
SGARC340-E

S5GCC

5GCD1

Steel

Steel_Rolled
SUS304

5U5316

SUS316L

Wrought Stainless Steel
Ductile Iron

Gray Cast Iron
Iron_40

Iron_50
Iron_Cast_G25
Iron_Cast_G40
Iron_Cast_Ga0
Iron_Malleable
Iron_Modular
Mzallashls Cact Tran

Load

Edit

Name SUS304 Color |l = Coord. Sys. |Hone v |Z|
Elastoplastic | Thermal |
r Structural
) Thermal Expansion
Elastic Modulus 196500 Nfmm2
Expansion 1.7e-05
Poiggon's Ratio 0.27
- Ref Temperature 0 [=q]
Mass Density 7.955e-06  kg/mm?
— Factor of Safety Calculation
Failure Theory Mone ~
Tension 0 Mfmm2 Compression 0 Nfmm2
| Elastoplastic
Plastic Hardening Curve MNone Function |~
Stress Strain Curve MNone Funstion |~ I
Hardening Rule Isotropic
Combined hardening factor 0
Perfect Plastic
Yield Stress 0 Mymm?
r General
Mass Proportional Damping 0 1fsec

Stiffness Proportional Damping
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Define Material

all w | MName SUS304 color | ~| coord. Sys. | jone ke |Z|

Elastoplastic | Thermal

17-4PH, H1100

AISI 1020 r Structural

AISI 1060 = = ]

AISI 304 55 Annealed Elastic Modulus 196500 Njmm? ermal Expansion

AISI_310_55 (S Expansion 1.7e-05

ﬁg%_g;f_lsioos Poisson's Ratio 0.27 —

AIS Steel_1008-+R Ref.Temperature 0 I
> 3 i 7.955e-06 3 —

AISI 4340 Annealed Mass Density kg/mm

AISI_Steel_Maraging

Alloy Steel r Factor of Safety Calculation

Cast Alloy Steel i

Cast Carbon Steel Failure Theory Mone w

Cast Stainless Steel ) )

Chrome Stainless Steel Tension 0 Nfmm2 Compression 0 Nfmm2

FC250

Galvanized Steel - | Elastoplastic

Hp-1 :
Hp-4 Plastic Hardening Curve None Function |+ |
Inconel_715_Aged -
Plain Carbon Steel Stress Strain Curve MNone Function |~
5/Steel_PH15-5
SAPH-400 Hardening Rule Isotropic
SES08
SGACC Combined hardening factor 0
SGACEN
SGARC340-E Perfect Plastic

gggg 1 Yield Stress 0
Steel
Steel_Rolled ~ General
SUS304
SUS316 Mass Proportional Damping 0 1fsec
SUS316L -
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_Go0
Iron_Malleable
Iron_Modular
Mallashls Cazt Tram

| Load | |
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Define Material

Al

RV

17-94PH, H1100
AIST 1020
AIST 1060
AISI 304 55 Annealed
AISI_310_55
AISI_410_55
AISI_Steel_1005
AISI_Steel_1003-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/Steel_PH15-5
SAPH-400

SES08

SGACC

SGACEN

SGARC340-E

SGCC

SGC01

Steel

Steel_Rolled

5US304

505316

5053160

Wrought Stainless Steel
Ductile Iron

Gray Cast Iron
Iron_40

Iron_&0
Iron_Cast_G25
Iron_Cast_G40
Iron_Cast_ G0
Iron_Malleable
Iron_Nodular
Malleshle Caat Tran

AR -5

R BIELM L (9K)

MName Water Colar Iil Coord. Sys. | Mone =2 |Z|
Elastoplastic | Thermal
r Structural
Thermal Expansion
Elastic Modulus 10 Njmm2 xpa
Expansion 0
Poisson's Ratio 0.45
- Ref Temperature 0 [=q]
Mass Density 1e-06  kg/fmm?
— Factor of Safety Calculation
Failure Theary None £
Tension 0 Njmm2 Compression 0 Njmm2

~ | Elastoplastic

Flastic Hardening Curve

None

Stress Strain Curve Mone Function |~
Hardening Rule Isotropic
Combined hardening factor [t}
Perfect Plastic
Yield Stress 0 Mjmm?
~ General
Mass Proportional Damping 0 1fsec
Stiffness Proportional Damping 0 sec
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CDIuﬂltlDIIS Comdition Ilasz Foure  Displacernent Temperat'lue

Define Boundary Condition

% % G

Mame  Boundary-1

Select &

Face Selected 4 Objec.. I
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Mateds]l  Contact  Conshednt  Fizmd Spng Weld Eoalt Croanihy Fopce  fConcentiated  Poessue Towque  Rotehionel — Enfosced Ternperatue
Linle lass Foice  Displacerment Temperat'lue

Cmuiltlms Condition

Define Force

e

Mame  Force-1

Load Category o

Load Type |Force N4 |
Q) Total Individual

| Selected 1 Object{s) ‘

Reference Object o

Type |Global Coordinate System V|

Direction &
¥ oM
Y 0N

Z -4000 M

MIDAS
HTERER
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Contact  Consteadnt

A W

Condition

Define Gravity

(0 Umb

(1N

E.

Mame

Gravity-1

Value

Gx
Gy

Gz

0 mm/sec?

0 mm/sec?

-9308 mm/sec?

oud Simy,
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25 TiRER
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Fopce  Concentiated  Poessuie Towque  Rotehionel — Enfosced Ternperatue
lass Foice  Displacerment Temperat'lue




»

COWIR | HhEE:
FJ B ILESAMEQTI[I|L L HOO L L U

Mateds]l  Contact  Conshednt  Fizmd Spng eld Eoalt Croanihy Fopce  Concentiated  Poessuie Towque  Rotehionel — Enfosced Ternperatue
Cmuiltlms Condition Link Iufazz

Foice  Displacerment Temperat'lue

lmli
(LY

&

Define Gravity

Mame  EQx

Value ~

Ex -98306™0.3 mm/sec

c 0 mmfsect Simplified earthquake load using
! the weight of the tank system

Gz 0 mmjsec?

W wmias
bl 2AUTRER
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Btart Analyzsiz= % Matedsl  Contact  Conshmint Rigid R png Weld Ealt ity Fouce  Concentiated  Fresswe Fotational — Enfouced
hlass

Ternperatue
Conditions Condition Linle Fowee  Displacerment Temperat'lue

Define Gravity

Mame EQz

Value -

Gx 0 mm/fsec? . - g

. 0| mmsec: Simplified earthquake load using
¥ mm/sec the weight of the tank system

Gz -AR06™0.15 mm/sec?
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Mateds]l  Contact  Conshednt  Fizmd Weld Eoalt Croanihy Fopce  Concentisted Puessuie Fotationel  Enfoeced Ternperatue
CDIuﬂltlDIIS Comdition ' Ilasz Foure  Displacernent Temperat'lue

Define Pressure

el

Marme  Pressure-1

Wind Load:

1. Computed from a mid-
to-high-rise roof.

2. Tank is not big enough
to produce a varying
wind load based on

Selected 54 Object(s) |

|Diﬂ:tinn v|
E—— : height.

3. To analyze the most
P 0.003 Mfmm?2 el . .

critical combination,
= x wind load direction
.L.Ise Follower Force in Geometrically should align with the @
Monlinear Analysis EQX - i
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Ly Matedsl | Contact | Consteednt  Faizmd Weld Croanihy Fopce  Concentiated  Poessuie Towque  Rotehionel — Enfosced Ternperatue
Conditions Comdition ' Ilasz Foure  Displacernent Temperat'lue

v O Contsct3n
| Ol buscketleg!  Welded
O becketlez 2 Welded
O tscketlegd  Welded

Mame

O tecketlezd  Welded
Select - O beckettank 2 Welded
| Selected 14 Object(s) | P weterbuacket  Welded

O weterFevclve Welded
Type -~ O weterRevclve-. Welded
|'|.I'l.|'eldv.=_-d Contact e | O weterRevalve-. Welded

water-Fevolre-, Weldad

Coeffident of friction 0 H ﬂ

O weterFevclve Welded
Mormal Stiffness factor 0.1 Ll ﬂ et Eevclre. Walind =
Tangential Stiffness factor 0.01 O ﬂ water-Fevolve-. Welded

O weterRevolve-. Welded
O weterFevclve Welded
O weterRevclve-. Welded
O weterRevclve-. Welded
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B fnalysis Case

4 ﬂ Linear Analysis-1
Eg Analysis Control
> 1 Model(14)
> B Contact(25)
ﬂ Connect Condition
v B Boundary(1)
Bt Boundary-1
w 1 Load(s)
Force-1
Gravity-1
EQx
EQz

Pressure-1

|~ 1= = I~ |-

Define Grid

Geometry Bracket

Value

. Automatic - Relative Grid Density

High Medium Loww

X 12
y 12
Z 6

' User Defined (Mumber of Divisions)

- User Defined (Grid Size)
Length 30 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 Qrientation to Shape

Increased Integration Accuracy

ATV LT

VAP AT

AAVIOIGTE 5
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Deformations

DISPLACEMEMNT-=YZ

+5.30945
45, 2%
+5.32536
27.8%:

+4.84124

0.9%
+4.35712

1.3%
+3.87300

2.9%:
+3. 353539

2.2%
+2.9047F7

. 2.0%
+2.42065

2.9%:
———+1.93653

2.9%:
+1.45241

2.5%
+0.96529

2.9%

+0.453417
T3

+0.00005
Lingar Analysis-1

Linear Static

=%,

ll‘nll\

A
7/

N\

7z
”
L
‘
NIy
7z
[
‘

i

Deformations

DISPLACEMEMNT-2YZ

+7.694442-01
1.4%:

+7.05326e-01
0.3%

+6.412058e-01
0.3%
+5.77091e-01
3.7%
+5.12973e-01
14.0%

+4.45555e-01
14. 4%

+3.84737e-01
. 14.5%
+3.20620e-01
33.6%
—+Z.56502e-01
12.8%
+1.923584e-01
1.7%:
+1.25267e-01
0.6%:
+6.4145%e-02
2.3%
+3.11758e-05

Linear Analysis-1

Linear Skatic

nik : mrn
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Deformations

DISPLACEMEMT-2YZ

Deformations

DISPLACEMENT-=%¥Z

?2.9':';5'33248 ?DID%E.Q":EEEE-DI
El.9°.-::.+4I8881 1 IBIQDEZ.?DD?SE-DI
DID%+4.443?4 5 1%+2.455248-Dl

— 3I5%+3.9993? — 3,|:|°.-'..-_.+2I2Dg?5e-m
— 1,?%.+3'555DD e 1.5°,.-'.c.+1 S6425e-01
— 2.50.-".:.+3I11D63 — D.D°fo+ll?18?ﬁe-m
lE:-EIE‘E‘Ele‘ lﬁ:l A3 7e-01
2,5°.-'.;.+2'2219D |:|,5°,-:-_.+1 L2 Te-01
_E-H GEISE —m:':'J.BEEEEE-DE
— 2,40,.-':1 33316 — DI4%+?.36?9EIE-EIE
320’.’:0.888?9 |:|.8°.-"..-_.+4I9129?E-D2
E.,Ei°.-'.;.+DI44442 " 1%+2.458EI4E-I32
+0.00005 +3.11758e-05

Linear Analysis-1

Linear Skatic

Linear fsnalysis-1

Linear Static

Uik mnn



D ZEER | STRESS VON MISES

Stress

STRESS WOM MISES

+624. 91272
I 0. 2%

+572.83067
0,3%
= +520.76059
0.5%:
— +465.65454
0.3%:
— +416.605830
1.1%
— +364.53241
1.5%
—_ +312.45637
1.9%
B= +260.353030
Z.6%:
— +205.50425
3.4%
— +156.22519
4. 8%
+104.15213
6, 7%
+52.07607
TE.2%
+0.00001

Lingar Analysis-1

Linear static

Inik N,l'mmAZ

Stress

STRESS YWOM MISES

+213.65440
I 0.0%

+200.43321
0.0%
= +1582.21200
0.1%
— +163,99051
0,1%:
— +145.76961
0, 3%
— +127.54540
0. 4%
— +109,32721
0, 3%
B= +91.10601
0, 3%
— +72.858451
0,75
— +54. 663561
0,9%:
+36. 44241
4.3%
+18.22121
92, 6%
+0.00001

Lingar Analysis-1

Linear Skatic

nit ¢ Mmm™2




D #5R | STRESS VON MISES

Stress Stress
STRESS YOM MISES STRESS WOM MISES
+624,91272 +215,65440
. 0.2% . 0.0%:
+572.85804 +200,46793
0.3%: 0.0%:
— +520,80332 _— +182.28144
0.5% 0.1%:
— +465, 74564 — +164,09407
0.8% 0.1%:
— +416.69396 — +145,90849
1.1% 0.3%:
— +364.63924 — +127.72201
1.5% 0. 4%
— +312.28456 — +109,53553
1.9% 0.3%:
| +260,52956 | +91.34905
2.6% 0.3%:
— +208.47518 — +73.16258
4% 0.7%:
— +156.42049 — +54.97610
4.8% 0.59%
+104, 36580 +36.75962
6, 7% 4.2%:
+52.31110 +18.60314
Th.2% Q2.7%:
+0.25641 +0.41666
Linear Analysis-1 Lingar Analysis-1
Linear Skatic Linear Static
Init : B2 Unit ¢ M2

Bracket legs are experiencing a high stress due to its slenderness. Redesigning through making it

. . . . . oqe "‘ ”"
shorter (geometrically) or changing the material is a possibility to solve the problem. ‘ j



Stress

STRESS WOM MISES

+19.27503
32.4%
+17.68316
0, 5%:
+16.09129
0. 3%:
+14. 49942
1.1%:
+12.90755
1.1%:
+11.31567
1.6%:
———+9.72380
£, 3%
——+5.13193
3.1%:
——+6.54006
4.8%
+4.94319
9.6%
+3.35631
13.1%
+1.76444
33.5%
+0.17257

Linear Analysis-1

Linear Skatic

nit ¢ Mfmme™2

Stress

STRESS WOM MISES

+19,98033
7%
+15.32965
0.7%
+16.67902
1.0%:
+15.028356
1.5%:
+13.37771
1.5%
+11.72705
1.6%
= —+10.07840
2.4%
— 4842574
3.2%
— 4677509
2.6%
+5. 12443
9.2%
+3.473785
18.53%
+1.82312
47 . 53%
+0.17246

Linear Analysis-1

Linear Skatic

nit + Mfmme™2
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v [ Liness fnalysis

O Anslysis Rename
0 Modells Open result file...

Define Fatigue Material Property Define Fatigue Material Property
> ﬂ Comtact] .
Make Active
BF Comest|  Show Only Material |sUS304 ~ | Material | water v |
LY =-$ Boundauy ]
b Run Analysis Material Material
. N TEsmEETe 5US304
v b Loeds Water
l Fo Automatic-Relative Grid Density Pilot-Test
1 Add Fatigue Analysis
1
T Delete Add Modify Delete Add Modify Delete
Property o Property ~
Fatigue Analysis Uitimate Tensile Strength 520 mjmm2 Ultimate Tensile Strength 10000 Mjmmz
Analysis Method 5N method using load his -~ Endurance Strength %% Njmm: Endurance Strength 9000 WMjmm?
Stress Type Signed von-Mises v e —mmmnn Cydes at Endurance 1000000
Froper : L [X]
Material Define
Function Load Full Cydle e
1000000 Note: Water parameters are
Mumber of Load parameters. :
Infinite Life 1e+0% Cyde




-

JR
N
7

K55 7]

Misc.

Misc.
DarMacE

DAMAGE

+0.00000e+00

)

+9.16667e+01
0.0%:

B +3.33333e+01
0.0%

— +7.50000e+01
0.0%

— +6.66667e+01
0.0%

— +5.83335e+01
0.0%:

— +5.00000e+01
0.0%:

— +4.16667e+01
0.0%

— +3.33335e+01
0.0%

— +Z.50000e+01
0.0%

+1.666672+01
0.0%:

+5.333335e+00

I +1.00000e+02

0.0%
+0.00000e+00
0.0%
= +0.00000e+00
0.0%:
— +0.00000e+00
0.0%
— +0.00000e+00
0.0%
— +0.00000e+00
0.0%
— +0.00000e+00
0.0%
— +0.00000e+00
0.0%:
— +0.00000e+00
0.0%
= +0.00000e+00
0.0%
+0.00000e+00
0.0%
+0.00000e+00
100, 0%

FL A ; 92,7 % +0.00000:-4-00
: "I ii. ,' +0.00000e+00 Lineat Analysis-1_Fatigue Resulk-1
\& i Linear Analysis-1_Fatigue Resulk-1 Linear Skakic
» R ‘ Linear Skatic it & Mone
- Urik @ Mane

g7 7
Ly s barn

- >

48




A

i
¥
d\

Misc.

LIFE CYCLE

+1,00000e+09
I 92T
+3, 1666Te+08
0. 0%
= +5. 3333 3e+08
0.0%
— +7.50000e+05
0. 0%
— +6,GEG6Te+0E
0. 0%
— +5. 8333 3e+08
0. 0%
— +5. 00000e+08
0.0%
— +4, 1666T2+05
0.0%:
— +5.33333e+05
0. 0%
— +2,50000e+08
| 0. 0%
/. +1.666672+08
o 0. 0%
/8 % +5.33333e+07
T 2 7. 3%

Linear Skatic

- A Uit : Maone

"{ ’i( Y e/ +1.00000e-+00
\ NS : ’4 Linear Analysis-1_Fatigue Resulk-1

MliscC.

LIFE CYCLE

+1.00000e+09
0.0%:
+1.00000e+09
0.0%
= +1.00000e+09
0.0%
— +1.00000e+09
0.0%
— +1.00000e+09
0.0%
_ +1.00000e+09
0.0%
— +1.00000e+09
0.0%
— +1.00000e+09
0.0%
— +1.00000e+09
0.0%
— +1.00000e+09
0.0%
+1.00000e+09
0.0%
+1.00000e+09
100, 0%
+1.00000e+09

Linear Analysis-1_Fatigue Result-1
Linear Skatic
Uit : Mone

y:
’,;y} "oan
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