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Meystct,

» Searching Increment = 5 Deg £

g,

Material &=0|A “...” HHES MEiBtLICE,

12{™ Material Manager Dialog 7}

LIEFEL| T

Material Manager Dialog 0| A{ Ct21tZH0|

HAgL

» [Steel] 1020 S MEiStD QER OLRA
HESZ Pop-up Menu £ 0|&3}0]
J&0t 20| Make Active

i
>
m
o
-
=l

= OK HES FELULL

A Fatigue Evaluation x
Axial Mode O Uni-Axial (@) Bi-Axial
- Life Criteria
() Stress - Based () strain - Based (®) Safety Factor

Life Criterion | soodman [~]
Goodman
class B
2 |

Searching Increment |5Deg 54 |

Material
’VMatEnE\ < mm-N >

[Steel] 1020 [ Sample.xm! ] E E3 ‘

Element / Patch Set [ [Ed]
Time History [Histany_1 |
Qceurrence |1. |

[] Pre-Stress File [ |

[ Recalculate Recovery Data

Fatigue Results
Time Range Face Mode ID Safety Factor (Min.} |
Material Manager
Select sample.xml [+ || Mew Library
Unit | mm-N -]
Name | Reference ‘ Description | Yi|zl

[Steel] H11/660
[Steel] RQC100
[Steel] 10B62
[Steel] 1005/20
[Steel] 1005/327
[Steel] 1015/80
[Steel] 1045/225
[Steel] 1045/390
[Steel] 1045/410
[Steel] 1045/450
[Steel] 1045/500
[Steel] 1045/595

SAE J1099, FEB, 1975 Entry 6, data ref 6/[..
SAE 1099, FEB. 1975 Entry 12, data ref 1... |E|
SAF 11099, FEB. 1975  Entry 13, data ref T:...
SAE J1099, FEB. 1975  Entry 17, data ref 7...
SAE J1099, FEB. 1975 Entry 16, data ref 7...
SAE 1099, FEB. 1975 Entry 18, data ref 4...
SAF 11099, FEB. 1975  Entry 21, data ref 7...
SAE J1099, FEB. 1975  Entry 23, data ref 7...
SAE J1099, FEB. 1975 Entry 22, data ref 7...
SAE J1099, FEB. 1975 Entry 24, data ref 7...
SAE 11099, FEB. 1975  Entry 25, data ref 7...
SAE J1099, FEB. 1975  Entry 26, data ref 7...

[Steel] 1020 - = | Entry 19, data ref1... | |
[Steel] 1040 [ Mekeache | Entry 20, data ref 1...
[Steel] 1144 Edit... Entry 32, data ref 1...
[Steel] 1541F New Material... Entry 34, data ref 1...
[Steel] 4130/258 Entry 39, data ref 1...
[Steel] 4130/365 Cut Entry 40, data ref 1...
[Steel] 4142/380 Copy Entry 44, data ref 6...
[Steel] 4142/400 Entry 45, data ref ...
Paste |z|
ICkaal A1ATLER Erbrs AG Aabs raf £
Delete El
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10.

11.

12.

13.

14.
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Element/Patch Set 0| A{ “EL”
HESZ FELICt.

—_—=2 T3
OFRAE O| 8510 2 EH0|A
RFlexBody1 0 47 Patch
Set = MEATIL|CH

Time History 0|A{ “SEL”
HES FELICH

—= T8

Time History
Mo | Use | Mame Time Range I—IAdd Row
1 [ History_1 1,721 R |

Clear

QK

|| Cancel |

Time History Dialog
HEst7| fIs "R” HE

o
=

o
=

=

Time Range Dialog 0f|A{ “All” Eiot

2, Close H=2 F&L|Ct

OK HHEZ =2 Time History Dialog
ESLC

Calculation 8 +SL|C}.

Fatigue Analysis X8 Aghs
2&2{F= Progress Bar 7}

E ™ Time History set 0| StL} BHS0{N QUSLICH AlZE EYES
St

Time Range x
Use Frame Time Step | %
1 0. =
2 5.55555555555..,
2 3 111111111111,
4 1.66666666666..,
5 2.22222222223..,
6 2TTTTITTTTT 0
7 3.33333333333...
1 3.38233388588...
9 4,44444444444,
10 5.2-004
11 555555355555, ]
—a . m e e a4 a4 a4 4.
| selection by simple Rule | | All | [ mothing |

Fatigue Results

Time Range Face Node ID Safety Factor (Min.)
Histary_1 T7,1908,1910 2,18658827852219
Fatigue Tools | | Import | | Calculation || OK | | Cancel

LiEtLtD, @7t oo
Jgn e #nE o

U H L
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15. Fatigue Evaluation Dialog 0| 7}& 1% zt=

Fatigue Tools

SICHO| 2|X|3t Fatigue Tools HES =2

H =
{ Dialog & Time History -
o
I &L C}, Patch Info.
@Max Damage OUser-defined
[ ]

Fatigue Tools Dailog 0| Rainflow Node IDs  [77,1909,1910 |
Counting HHEZ FEL|C}.

—= T8

Rainflow Counting | | Plot History |
ofz§ &1t 20|, Excel file O Damage 7t 7+
A LtEHH Patch @0 MEE Stress Time

History £ HI®2Z Rainflow Counting & ot Z1tE E0{FL|Ct. Z1t= Stress

Amplitude 2t Mean Stress 0| (12 Cycle =7} LtEFELICE,

Rainflow Counting (History_1)

Cycles |

/ 9.792E+01
==/ 7.570E+01
;r" 5.347E+01
/" 3.425€+01

Mean
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Otef Ot 0|, Damage 7 7t A E=EE|&= Patch @90 M8 Stress Time

A Original History x
@Bk OMBEPS D & EE K ME

100. 00 - 2y

50.00 - / ‘\ “\ &

ol A\t A A
SR AV MR

-50.00 -

" .K
\
-100. 00 - \

it

e

—

| e
e

_.--"‘I'
e
-

0.000 0.005 ©0.010 0.015 0.020 0.025 0.030 0.035 0.040
Time

History & Plot 2 20Igt = QUEL|CH

Contour Z1} 2015}7|:

Durability Contour

] 1. Post Analysis £°| Durability 1&0iA

. Time History |History_1 |'|
Contaur Contour Icon S MEiGILICE,

View Type |Contour |'|

2. Durability Contour D|alog 7|' |_|'E|' IEII' |_| EI‘_ r Contour Option ———— [~ Style Option
Safety Factor Calor Option

HA i o Z+
3. Durability Contour Dialog 0|A{ CtZ1f Z0| r—— Colors
HZgtLct, cqenaspe [owm ||
Text Color :
* Dialog &7t0 ?/X[3t Calculation HHES Location Sottom ||
_I'—_% |_| I:I-_ [ show Text Legend

. Band Level{10~50)
= “Enable Log Scale”S X3 gL|Ct,

. r Min/Max Option
= Contour View HEZ =2 Z1tE | 5 Oweshtnes [ 7]
Display hd
%!.OIJ %I- |_| EI_. Wector Color Iil
I Calculation I Wector Size Factor | 5.07

Min | 2.7006 2.7006 rProbe Option ——

cl
[ shows Min/Max ®patch
|Enable Log Scale |
Enahle Lyafm £ []show Probe Results
| View | | 0K ‘
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4. Contour ZItE &Qls EH, F2M HE 20| Safety Factor ¢40| 222 A& EX7t Q=

FY0|E 2, Durability Contour Dialog Ol A Z1}E ELC} A|[ZX o2 HESHY| 2sA Style

Select Band Color Select Band Color
First Band Color (vin) | N AN - | First Band Color (Mir) | [NNRMMMN - |
Last Band Color (Max) |_ v | Last Band Caolor (Max) |_ v |
| OK | | Cancel | | oK | | Cancel |

Option 2| Edit HES =2 L5t 20| gL
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5. CiA| Contour View HES +2H Otz 121} 20|, Safety Factor 2t0| 7% 22 HEO0|
F2MOZ LIEILIEA Safety Factor 240 4TiHCZ 22 FYS '71| otolg = UASHCH

(Tip: O|M, Contour Plot Z0tE o XS] 27| 2I8HA, Toolbar Off 2|X|3t Wireframe

< (‘Q‘u )

= = a

-4

Icon 2 MEisH F|, ZOtE Zolgfiof gfL|Ct,)

Material 7 =, Safety Factor CtA| 715}7]:

1. Fatigue Evaluation Dialog 0| A Material Manager
= A\Y " EOS =2 "
Material 9)1 Q:'|9—| "en H'l —-= T= I—l I:I' Select |Samp|e.xm| |v| New Library
unit
MName | Reference | Description | il |
2. Material Manager Dialog 7|' l—|'E|"E||' |—| |:|'. [Steel] MANTEN SAE J1099, FEB. 1975  Entry 61, data ref 3... =
[Stainless Steel] 304/160 SAE 1098, FEB. 1975 Entry 36, data ref 1...
[Stainless Steel] 304/327  SAE 1099, FEB. 1975  Entry 37, data ref 1...
[Stainless Steel] 310/145  SAE 1099, FEE. 1975  Entry 38, data ref 1...
[Steel] AM350 SAE 11099, FEB. 1975  Entry 5, data ref 1/]...
= XX 2| ZF
3. 2 = 1 |:|J—-'|' = Ol, POD-Up Menu O"A‘I [Steel] GAINEX SAE J1099, FEB. 1975 Entry 7, data ref 7/L...
Steel] H11/660 SAE 11099, FEE. 1975 data ref 6/]...
st © MEHD )
New Material = M —'1 %I' |—| |:|'- [Steel] ROC100 SAE 11099, FEE. Make Active
[Steel] 10B62 SAE 11099, FEB. -
[Steel] 1005/90 SAE J1099, FEB. —
[Steel] 1005/327 SAE 11099, FEB. New Material...
[Steel] 1015/80 SAE 11099, FEB. -
[Steel] 1045/225 SAE 11099, FEB.
[Steel] 1045/330 SAE J1099, FEB. Copy
[Steel] 1045/410 SAE 11099, FEB. Paste
[Steel] 1045/450 SAE 11099, FEB. Berm
[Steel] 1045/500 SAE 11099, FEB. —
[Steel] 1045/595 SAE 11099, FEB. 1975  Entry 26, data ref 7...
[Steel] 1020 SAE 11099, FEB. 1975 Entry 19, data ref 1...
[Steel] 1040 SAE 11099, FEB. 1975  Entry 20, data ref 1...
IC#aall 1144 CAF I1NQ0 FFR 1075 Frtms 27 Aata raf 1 E
4 m [»]
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4. New Material 242 2[$t Dialog 0| Al Ct21t ZH0| HZATHL|CE,
=  FatigueLimitStress ¥ 0| 400 2 HgtL|Ct,
= Name 2 Crankshaft_Material 2 2 =2tL|C}.
» OFX|2}S 2 UltimateStrength E2j0|= 850 S & &HgtL|Ct,

= OK HES FELULL

Material: Crankshaft_Material [mm-M] Material: untitled [mm-N]
& 4
TransitionFatiguelife |Z| El Cyclic Properties -
B Misc CydicStrainHardeningExponen |
Description CydicStrengthCoeffident
LastModifiedDate 2017-05-17 16:05:07 CydicYieldStrength
Name Crankshaft_Material E Fatigue Properties
Modifier FatigueDuctilityCoefficient =
Reference 1 FatigueDuctilityExponent
Tags FatiguelimitinCydes
H Monotonic Properties FatiguelimitStress 400
ModulusOfElasticity FatigueStrengthCoeffident
ModulusOfShear FatigueStrengthExponent W
PercentReductionInArea = TransitionFatigueLife
PoissonsRatio B Misc
TrueFractureDuctility Description
TrueFractureStrength LastModifiedDate
850 Mame Crankshaft_Material
YieldStress = Modifier |Z|
UltimateStrength UltimateStrength
OK | | Cancel oK | | Cancel

Tip: Safety Factor & 737 {IsllA Material Property Z5E ZQ3%t HEE Fatigue Limit
Stress 2t Ultimate Strength 2 L|Ct. SHX|2F Material Library | A M3 %22 U= Material Property
HEO|= Fatigue Limit Stress £ A|&dt1 UX| REELICH O|H FR0|& Fatigue Limit Stress
MHEE Cyclic Yield Stress 2 CiH|5}0] Safety Factor ZAIE T8 WM Ar2StA Euch 2Lt
X| 20|, Safety Factor A4S QI8 AME7 Material 2 MdE 0= Fatigue Limit Stress &

5 YT E FLich
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5. C}A| Material Manager Dialog 0| A M&2| ‘4 E Crankshaft_Material 2 022
OZar 20|, oA REZ HE 22 2 Pop-up Menu 0| A Make Active & M1Ei%H £, OK

HES FELICH

[High-Temperature Alloy] I... SAE J1099, JUN1988  ENTRY 12: TABLE 4B...
[High-Temperature Alloy] ... SAE 11099, JUN19%3 EMTRY 13; TAELE 4E... H
Crankshaft_Material _—.
Make Active
| |
Edit...
I: Mew Material, ..

6. Fatigue Evaluation Dialog 0 A| Calculation HHEZ F&L|C}.

7. Of2fel 12t 20| Safety Factor CHSHA] CHA| Al4tEl ZIE FAES = JUSLICE ME Edst
Crankshaft Material 2| & O|O|E| Fatigue Limit Stress 2} Yield Stres 0| [Steel] 1020
Hot =N 2 o2 MFELJS D2, Minimum Safety Factor Z1t7F O] ZutECH I

LIEtES =g =+ AL

4 Fatigue Evaluation X
Axial Mode (O Uni-Axial (®) Bi-Axial
r— Life Criteria
O Stress - Based O Strain - Based @ Safety Factor
Life Criterion |Goodman |'|
Goodman
class B
2 |
Searching Increment |5 Deg |V|
— Material
Material < mm-N = |Crankshaft_|\-'|ateria| [Sample.xml| lz‘
Element / Patch Set [ Crankshaft.setPatent [[eL]
Time History [ History_1 |
Crceurrence | - |
|:| Pre-Stress File | |
|:| Recalculate Recovery Data
Fatigue Results
Time Range Face Mode IO Safety Factor (Min.) |
History_1 77,1909,1910 3,32987598066552
Fatigue Tools | | Import | | Calculation | | oK | | Cancel
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-

Patch Set |2 =, Safety Factor CtA| 115} 7]:

o)
rx

F

bl

f

0

40| A= RFlex Body 2| 2 HMZ Patch Set 2= MEHSI0] Safety Factor &
Ct. m2tA, O ALSH7| QShAM ot A|Zto] 2R &S =olg 5= ASL|Ct Bt

> o
I
-

CHE35E1, Von-Mises Stress Contour Z1ME HIEOE £ 2EE0| CisiA DZsHA
HOX} SO, E 220 patch Set 22 AHSIEZ 2 sfjof gL|Ct, CtE2 0]t
CHoh deL(C,

—

m oy X 4 H
B
L L =y
™

0z ot
2 1o o
ot

ro

l—l
-

RFlexBodyl £ & £&/%}0{, RFlex Body Edit Mode £ ZTII%tL|C},

N

RFlex Edit 22| Set 1&0|Al Patch Set Icon & ME{BfL|Ct
J12{™ Patch Set Dialog 7} LtEFEL|Ct,

3. Patch Set Dialog 0| A] CtS1F Z0| #1ZgtL|CE,

= Tolerance (Degree) 7{2 60 22 3BiL|CE

= Add/Remove (Continuos) HHES +£ F, ot2fe] O8N E OAZ MESIIXL
St= Element StLEE MEHSHL|CE,

«  MEHE| patch QF F=H Q| Patch 2| Normal Vector 2| ZHE X}O|7F 60 & HQ| L{of|
T AFS O 2 Patch Set 22 MYELC,

= OIRA 2 282 3 Z, Pop-up Menu Y|A] Finish Operation 2 MEHSHL|CE,
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Eist 5|, Checking_Point_1 O Z O|§3 HZATL|CH

o
= General Tab & MEHS
Patch Set [ Current Unit : MN/kg/mm/s/deg ] Properties of SetPatch2 [ Current Unit : MN/kg/mm,/s/d
General | External Patch Set | General | External Patch Set |
Color || Automatic ] -~ | Mame IChecking_Point1 I
Add/Remove | Unit
Force [newton [-] WKS
| Add/Remove (Continuous) | Tolerance (Degree) Mass |ki|ogram |'| | MMEKS |
[] check Reverse Direction Length | millimeter | . | Ccs
[ Add/mremave (Jlect Front) | Time [secona =] 1PS
[ Add [Nodk Set) | Angle [dearee [=] [Frs ]
|:| Preview Mornjhal
Mormal Adjust
Automatic [ Auto Adjust | Switch |
Manual | Select Target | | Switch |
Mo. of Patches [1458 |
oK | | Cancel oK | | Cancel | | Apply

/W

A‘hﬂﬂn‘y‘y
ARV

\WAVAVAVAVAY

PAvavAS DOOG
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E

Checking_Point

Checking_Point

35510, Patch Set & Of2fQt 20| Ml 7§ T ‘d/dgfL|ct. ofiy,
hecking_Point_2, Checking_Point_3, Checking_Point_4 7} &= 2 gfL|C},

Checking_Point

24Z}9| Patch Set

|_:_|' PatchSets

2 792 S Ul 742l Patch Set Ol 4BHOR MAE, il Checking Poirt 1

Checking_Point_2
©E% 2831 20| Database o Patch set 44 BEE %+ | et
UA Lt ' Checking_Point_4

{0 setPatchl

%, RFlex Edit 2| Exit 1&0|A Exit Icon = =2 49|

5. Patch Set 0| 44 &S =olst
pCE2 g|E0f SLC}

6. Analysis £1°|, Animation Control
20| M “Reload the last
animation file” HHE2 F&L|CH

7. Post Analysis 2| Durability

JE0|M Fatigue Icon 2 =24
Dialog EX[2 %, LIHX| 42 A=

= X, Element/Patch Set 2/2iZtoj|
7|E Ol§2 RIf1
Crankshaft.Checking_Point_1 &
AY etk

i

8. Calculation HES =2{ AL 21t
2}OIBtL|Ct,

Fatigue Evaluation

Axial Mode (O Uni-Axial (®) Bi-Axial
r— Life Criteria
O Stress - Based O Strain - Based @ Safety Factor

Life Criterion

hean Stress Effect

B Weld

Murn of Std.Deviations

Searching Increment

|Goodman

4

class B

& &

[2.

|5Deg

4

 Material

Material < mm-M =

|Crankshaft_|\-'|ateria| [Sample.xml| lz‘

Element / Patch Set | Crankshatt.Checking_Paint1 [[Ec]
Time History |Hi5t0f¥_1 |
Occurrence | 1. |
Fatigue Results
Time Range Face Node ID Safety Factor (Min.) |
History_1 1552,1550,256 7.13752291875641
| Fatigue Tools | | Import | | Caleculation | | oK | | Cancel
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11. Post Analysis 2| Durability 1504 Countour Icon 2 ME{SH & Contour
Dialog Ol Al Calculation HES +Z 5|, Contour View HES MEisIH ofzfet Z0|

icreeEngnell 24
Time = InifiaFSta || |
1] " ||

Il | Durability Contour

| T —

| e Er T E— | |
! | Contour Option - Style Option ‘ ‘
S Safety Factor Calor Option i,
I e — eocanm ]
style Stepped
\ e (sepoed ||
o ot

Location Bottom

[ show Text Legend

sand Levei10-501

I~ Min/Max Option

B T

Vector Calor [ =
Vector Size Factor
win 80086 |[80086 | | -Probe Option —————————
s s s ||| Ovose
[ shew Min/ax @ Patcn
Enable Log Scale Show Frobe Results

Checking_Point_1 0f Cist ZatE 2olgt = QUELICEH

12. OREZEX|] o 2 Checking_Point_2, Checking_Point_3, Checking_Point4 Of

ChofM e 2aE =l = ASLIL,
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b HESH AL

D Eo| safety Factor

=
[

= YoM

Ole 28 AlZh

Me
0

i~

10&
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= Q= L 2Z00f|& D|24Y(Fatigue Life) 0|20 = 2+ E(Safety
S YEE o= 213 5183t #AE Safety Factor 2
=2

=
Sl FolX|= Safety Factor = O|2F 2|0|7t CHEL|CY,

= Of2ff Jglnt 20|, m 2= (Fatigue Limit Stress)2t =8HS & (Ultimate Strength)2| 2HA 2
O|20{Zl XM (Goodman A1} ZEM(Gerber BHAl) BFEAlO 2 HE| LI TSiAS Q8|

Z 3t Rainflow Counting Z1t(Mean Stress, Stress Amplitude)E 0|23t0 Minimum

Stress Amplitude, o,

—— Goodman

55; '_ ) Gerber

Compressive mean Tensile mean

™ | .

Sy Mean Stress, g,
Safety Factor & 5tA & L|C.

= [2}A, Safety Factor & 715}7| Il €%t =KX= Fatigue Limit Stress 2t Yield Stress
271X HEH SETtLCH ol 2 nXjof| Z&tEl New Material M81PH0A & 7HX]|
JEZ2 2 Crankshaft Material & 4'd3t1l, 0|5 0|&3t0] Safety Factor & Tot= Y RO
CHEHA =2lsh 2Rt LC.

= QPN dlish A MW LA 0| A= RFlex Body M0 CH$t Patch Set & MMst0 Safety
Factor & 7& I 2Q%[= AlZF2 & 2 & = AQF LT (PC AFZO| M2} CHE
UASLICE) O|= MUiFe=Z 71 AZHY 5= USLICL [2tM 0|QF 22 A[ZtE E0[7] 2IsiA
Von-Mises Stress #X& RFlex/Contour 0| A] 2t01510] LR F9| FALE &0l F
F AR EC Patch Set 22 HFSHH LM AlZtE OF 22 = JASLICH Ol LiTsiA
=

Z7S BTN HEHOR IRAWS F0j0F T Mol Tk

HJ|0
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Won Mises stress (Mpa)
Max at Mode 1910 time:0.035056
Min at Node 3 time:0,000000

b 4

+000 20067000 400:+000 6.00e+000 8.00e+000 L00e+001 1L20e+001 140e+001 160e+001 L80e+00T 200001

TS ’«i

Checking_Point

nt Checking_Point Checking_Point

» A MHTE QL 20|, 7|0 M™El [Steel]1020 ot MEAH MM=l Crankshaft Material 2
7tX|2 4 7HC| Patch Set & HIE S 2 T=ZEI Safety Factor 5 H|WsHH Cr3at 24 L CH

\ Minimum Safety Factor

Crankshaft material [Steel] 1020
| Checking Point 1 RS 4,300

| Checking Point 2 [BEREN 8,361

| Checking Point 3 [WGER 4.599

| Checking_Point 4 [EIEIK 2.186

= Crankshaft Material O A H|Z|otEot 583 442 [Steel]1020 ECF 3 47E5I%eEE,
EEq|= 7MY A2 Safety Factor 2| Zit= o =7 =&E LTt £ Safety Factor 7F 7+
4

A ZEEE Y2 Checking Point 4 2 20Ig &= QUEL|CH

[ === T
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o o 11—

YutMo 2 JAXF0|A Safety Factor = Z|IHSHI SESHO| HAZE AT = JSLICH
otoF 2 WXHOAM A2 S Crankshaft 2| Checking_Point_4 X|HO0A %|Cf £20| 72Mpa 0|11

[Streel]1020 °| &=-8 20| 262Mpa 0|2t $ICHH Safety Factor = ZHEHS|

% — — =
262/72=3.63 22 HAUY = UASFLICE SHX|T 2 UxHE Sl E2 dat= 2.24 2 XO|7}
ol 2 3lOo|gt A Ol
AMAO2 JL-=2 T Mg

0t Crankshaft 7t ATILHROIM & StES UX| 1, TF o550 e HEfStH
SEZHNM X SHOE Safety Factor & T+5t= A0| 20|17t JUELICH SHX|2H Crankshaft 2t
20| 88 AsE Hole X220 CisiM = TESHA S Sl ==k[= Safety Factor 7t 2|0]7¢
AA L

Thanks for participating in this tutorial
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