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Details of "Matenial” == e e ]J. Ox
= | Geometry
Scoping Method Geometry Selection
Geometry 1 Body
| Definition
Material Name S41M
Density 7.8E-06 kg/mm*
Type Thermal

Carbon and Carbon in Carbide (Wt. frag)

0.002

Iron Carbide (Wt. frac)

0

Iron Carbide Size (nm)

Alloy Carbide [Wt. frac)

Alloy Carbide Size (nm)

Nitrogen (Wt. fraq)

Nitride A (Wt. frag)

0
1
0
0
0

Nitride B (Wt. frac)

Mat. Initial Phase
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blf's trial oil data
A i&*}% 5'% = X L % 7/ j’j Temperature, C | HTC, W/mmA2K . .
> DANTE Bﬁ‘ s ﬁ }Eﬁ RS 154 ’fT N 20 0.0001 Generic Oil Quench HTC
> i& > ~ [ N ‘ CADANTE\Ansys_Link\Generic HTC Data 150 0.0005 0.006
35 1 P4 11 DANTE R £ o =
ﬁ D?F A Name 350 0.002 0.005
"4
NN S — . \)-[_ Mz b o 400 0.0025 N 0.004
> |:[| U\ IEX}I% g f |; '—LL“[& N E Gener!c_Alr_Cool.csv - 250 0.00375 E
Generlc_Furnace_Heatmg.lcsv 500 0.005 E 0.003
¥ y % > B4 Generic_Oil_Quench.csv > -
o /ftl: Hn IR F-I-T‘ % il I 550 0.005 g
bcf LSRRI - e Hre e oW
Mz AJ Mz . ) 3 3
;&*}% ( XT‘]‘ Y)lb?ﬁﬂ% ;& ) Generic_Still_Air_Cool.csv 650 0.003 0.001
Generic_Water_Quench.csv 700 0.002 0
H > L - . 750 0.0015
o DANTE_LFEIMIHA £ ) AR5 2% Generic Water Wesh.csv 200 00013 0 200 400 600 800 1000 1200
;I:,r L QX /N 850 0.0005 Temperature, °C
—JW M - p ’
q:ﬂ‘ iwl—l_"l g\—[‘ DANTE Iﬂ‘ﬂﬁﬁﬁ 1000 0.0008
DANTEH(HE FEEXCELT ) B 7R
A\ 4
Details of "Quench” * Dl Ox Gra|_::h_ v 0 O X Tabular Data
- Scope A~ }_" Temperature [°C] |[7 Convection Coefficient [W/mm?®:C]
Scoping Method Named Selection NE 5.e-3 1 |20 1.e-004
MNamed Selection Exposed_Surfaces(Geometry and Mesh]) ,E g_ ;x ?'E'O%B
= | Definition 2 de3 e =2e-
= 4 |350. 2,e-003
Type Convection ‘é i 400, 2.5e-003
Film Coefficient Tabular Data g e 6_|450. 3.75¢-003
Coefficient Type Surface Temperature % 7_|500. 5.e-003
Ambient Temperature | 65, °C (step applied) 8 2.8-3 g— zgg ZI;;DO?)OB
Convection Matrix Program Controlled E Tl 650. 3?-{:{;3
Suppressed No E 1e3 E 00, 3.6.003
Edit Data For Film Coefficient 214 12 |750. 1.5e-003
| Vabutar Data 3 127, 0. 250. 500. 750. 1147,  13{800. 1.5¢-005
Independent Variable Temperature . 14 850. 5.e-004
- o . v Temperature [*C] 15 | 1000. 8.e-004
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> 1] DLE i AEAR E A R s S16NCDXX
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o BT BT TR E f /s G A R LR S e sax | ™| Name :
S43XX
S48XX DANTEDB6_0_S41XX.ppix
C:A\DANTE\DANTEDB6_0 S51XX ™ S41XX.CRBB Carbon diffusivity
S8EXX e S41XXCTL  Model control
Name CADANTE\DANTEDB6_O\STEEL S93XX ™ sa41xX.DQTB Phase transformation
ALUM Mame - 5300M " S41XXHRDB Hardness
DCTRLA " R 51547 ™ S41XXMECB Mechanical properties
Material_ID = d | 1 s4650 ™ S41XXNTDB Nitrogen diffusivity
MNICKEL U8 552100 ™ S41XXPHAB Precipitation properties
STEEL *}]&‘{ﬁﬁ*ﬁ“ﬁ & ﬂg}i‘ Qﬁ)‘(ﬁ*&“ﬁ SAMATI00 = S41XXTHMB Thermal properties
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2% DANTE Model Builder
Active Model: GasCarb_OilQuench_AxisymRing_2D_c, Carburization

Models  Materials Steps Initial/Boundary Conditions  Controls

Model Selection

Active Model GasCarb_QilQuench_AxisymRing_2D_¢ ~

Model Type Carburization E|

New Model Name ReGauEaiy] A
Nitriding

Create DANTE Md Thermal
Write Input File Stress

Coupled Thermal/Stress

cpus |1 Thermal-Aluminum

Stress-Aluminum
Coupled Thermal/Stress-Aluminum v

Help Cancel

Model  Results

g Model Database M S

48 Models (3)

&
[
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¥

GasCarb_OilQuench_AxisymRing_2D_c
GasCarb_0ilQuench_AxisymRing_2D_s
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Hii Analysis
o B Jobs (3)

w,a Adaptivity Processes
EH Co-executions
#X Optimization Processes
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X
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Models  Materials Steps Initial/Boundary Conditions Controls

Model Selection
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Create DANTE Model Convert to Stress

Write Input File Submit Job
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REALIZE YOUrR PRODUCT DREAM

Contents [ index | Search |
1—‘—» N S l:l l%) = I'l a () Introduction
I '__—E \J ) _ ® (3 Installation
ine |V o 5 43 DANTEACT Define Material
@ () Carburization Modal
: - 1. Select Analysis Settings = HNL;:I;M:LO ¢
_LF _LF E /J %& %]j ) : 2. Modify the Details of “Analysis Settings” e ~10x 2 ) Do The Material object under the Static Structural tab is added from the DANTE Stress Model
_ - a Controb
A - NOTE: The IMUST by to lowest; Le., start with  [Fiumber o 51 7. ACT. Figure 1 shows an example of the necessary Material inputs required to execute a
> 3737 + 5 5 Staticstructural (03) NoTe: e e il — - " @i b iminion. The il st et deine e et
-/ﬁ Analysis Settings 3. Repeat for Current Step N 6 through 1 C—— oo [oten Enatime 258123 £l Phase Transformation Kinetics Mode cat ireatu-mlt simulation. The Material o je&fl is used to efine material from
& Frictionle Lol B [£1 Mode! Control Data the DANTE material database that will be used during the analysis. It also defines the
N N g onless Support | Jpal (Gjpetme [T [E] Material Conrol Data - P . ; . i
> K @ Di ent sl arry Over Time Step | O B Phase Transformation Data density, the initial total carbon, carbon in carbide (iron and alloy carbides), nitrogen and
% Displacem bty JmssiTetv BN o [8) Hardness Data nitrides (white layer and alloy nitrides), the initial phases, and the chemical composition.
ey 8 e scirn [inimum Time Step 10005 s 5] Carbon Diflsivty Data
o e asimn Tme step 136005 ek Al There is a description of the various options following Figure 1. Up to 5 materials may be
|l Mocel Control b 5o o e oo (9 Thermal Data modcled using DANTE, though 5 Material objects would need to be added under the
. Qutput Fri ) Sekton bemetin Wesk Sprgs Tor [8) Mechanical Data .
-/"I'r tput Frequency o 8 Precipitation Data Static Structural tab.
-4 CN C/N Profile curentseg] sip o | Aut Time v T I & G2 Process Database
. Number | Time | tepping | Define 8y | Time step | Step | Time Step | Time step. T B ‘23 Build DANTE Models
. ,/u Finalize Stress Setting T sz et Renet > 5] Meshin
e 9
[#-, e & ([ Carburization Mode!
Gy FiT) on Time. O | 1ooe0 | 1ooeos [ _soo @ (3 Nitriding Model
8- f 612 1 & (2 Thermal Model
} ﬁ T “’m B &3 Sress Model
w & &3 Pre-Processing
~ . S — - Define Initial Temperature
Details of "Material® i w § 0] X %Mnemﬂﬁ\smngs
Dafine Model Control
||| Geometry . [£] Define Output Frequency
Scoping Method Geometry Selection E m::ﬁ:f":m“::’;" Profile
Geometry 1 Body 1. Select Material from the Dante Toolbar = o % Intoe Finaize Stress Setings
Defne Boundary Condi
|-/| Definition ~F 2 Q@ - p“wmam::"ga.y onditions
- Details of “Material” Qume Mt et B £3 Additional Topics
Material Name S410 2. Clicking the yellow box next to . O] @ E :mngl mf;f":n:r;a:upacn |
- o esolve leat Convergence Issues
Density 7.8E-06 kg/mm* Geometry -» Select the part body e = 8] Hardness Prediction
3. Select Apply for Geometry s [2] Alloy Compeosition . i
Type Stress 3 st amely a ﬁ' B o uing Faie Formaion Figuro 1: Material inpuss vequired for the DANTE Strass Model.
z ) Bk [£1 Carvide Decomposition
Carbon and Carbon in Carbide (Wt. fraq | 0.002 5. Change the Cartion and Cordan in [f p— 51 immersion Quenching Scoping Method: Used to define the method for sclecting the geometry to be defined by
Iron Carbide (Wt. frac) 0 Carbide (Wt. frac) to 0.002 Bl i o 01 [£1 Press Quenching § N B . y
. ) P P 5 Induction Hardening the Material object. The two options are Geometry Selection, selecting the geometry
Iron Carbide Size (nm) ] Note: The Type should be set as Stress a4 O Y E] Swass Rolasaiion doecdle fom i e " o i
78 Sohtien (04) 5] DANTE Usiities: rectly from the CAD m at the time of definition. and Named Selection. using
Alloy Carbide [Wt. fraq) 0 previously defined geometry.
Alloy Carbide Size (nm] 1
- ¥ (nm) Geometry: This option lists what has been chosen after a selection has been made; e g. 1
Nitrogen (Wt. frag) 0 body or 2 bodies or 6 faces, etc.
Nitride A (Wt. frac) 0
Nitride B (Wt. frac) 0 ‘ - Material Name: Used to define the material name from the DANTE material database
Mat. Initial Phase Tabular Data Material names starting with the letter S are from the standard database, in the SDB
B p ] dircctory, and are included with the DANTE software package. MAT Names starting with
lement K niform r integration " ;
Element eyopt[!]r : Uniform reduced integratio the letter U are from the user database, in the UDB directory, that DANTE users may
Chemical Composition Tabular Data L= — populate with specific materials not available in the standard database. Any material name
1. Select Model Control in the Dante toolbar BBl e oo v e e
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Induction hardened automotive crankshaft
with angled lubrication thru-hole

Scanning induction hardening
of automotive axle shaft

Temperature
%
1200
1102
1003
905
807
708
610
512
413
315
217
118
20

Complex powder-met
heat treated gear

Carburized and
press quenched
aerospace spur gear

Large 300M
landing gear

Oil quenched geared shaft
Bevel gear press quench
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&84 20CrNiMo, xSRI F3ER8620
FAElERE: BRWRIN, RERT, IBENT, TREKEEE, IR/, IEIMERNEBERYY.

20CrNiMo (8620) #¥MtF iy
C Si Cr Mn Mo Ni S P

0.18~023 0.15~035 040~060 0.70~090 0.15~025 0.40~0.70 <0.040 <0.035

EEEFE: 0.8mm~1.2mm
BRIZ28: B/sRE00°C, SixAdiah, %#E1.05%; ¥ ERES90°C, AFE100min, #%30.9%;
[EHEZE 840°C (FRXRE) . fRiE2h, 350.8%.

SR L 900°C

890 °C

20°C 20°C

FEEEIXE): 58~63HRC
ILEREEIRE): 32~45HRC

BETE0.35% LA ENEXEE, BEREFRRREMNT20%, OEBRHEANT10%,
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[7.0371¢-002 o

[7.0354-002 ¢ e
 Max | 2.7505e-002 & 7 -

[7.01992-002 3

7.8238e-003 /,

786 [3.9799e-002 61

51.797

49.195 0.063246 10059532 7.82292-003 )
e 5.98750-002 3 0.052706 5.1580-002 3 L] 0.0052943
43.992 e g-g‘;ﬁgg sas 0.0046355 7.8231e-003 )
? . : t 0.0039766
41.39 0.0088273 Gag37e000 ) 0.021085 7.1366e-002 00033177 7.8231e-003 )}
e dasTesMin : 0.010545 0.0026589
ok T 4.954e-6 Min 8.1737e-002 S

7.8219e-003 g4
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1.505E+H12
1.046E+H12
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1.297E+H01

Mode 32690

Mode 11033

¥

X‘J/Z

Stress{vonhises)

Mlax = 4. 254E-+HI2

Ilin = 1.297E+11

Contour Plot
StressivonMises)
Global System
Simple Average

4. 254E+H12
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1.963E-+02
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Tim 0
2020/8/5 8= T4 17:10

70.247 Max
66.816
63.386
59.956
56.526
53.096
49.666
46.235
42.805
39.375 Min

=Gt
o HEEDIE

80.00 (mm)
]

Time: 27000 ‘
2020/8/5 EH= TF 1701

70.247 Max

39.375 Min

45.00
67.50

90.00 (rnm)
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0.0068111
0.0058523

- 0.0048936
0.0039349
0.0029762
0.0020174
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50.00 100.00 (mrm)
I 1

25.00

75.00

2020/8/5 BH= T4 172

0.0094265 Max
0.0088791
= 0.0083317
. 0.0077843
0.0072369
&l
[i 0.0066896
] 0.0061422
0.0055%48
0.0050474
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50.00
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25.00
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0.0083317
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0.0050474
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50.00

100.00 (rm)
]

25.00

75.00

BENHIE

= -
2020/8/5 M= T4 17:16
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0.0077698
0.0068111
0.0058523
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0.0039349
0.0029762
0.0020174
0.0010587
0.0001 Min

0.00

45.00
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Contour Plot 1: QZ0702--Transient Thermal (B4)

TE'T'EP;;?E%EU‘“ value) QZ0702-Transient Thermal (B4) - Step 1 : Substep 101, Time/Freq 18.000000 : Frame 26
':7 S07E402
=—6.85E+2
—5905E402
= 4.954E 402
+—4003E402
052E+02

1026402
1151E402
2.000E+01

Max = 8757E+02
Node 105742

Min = 2 000E+01
Node 11052

e

2T X mimEntaER

® NFAMIER

Contour Plot 1: QZ0702--Transient Thermal (B4)

"“L

Temperature(Scalar value)

8.729E402
[7 7B1E402

6.834E+02
—5.896E+402
—4.938E+402
—3.991E+02
——3043E402

2.095E+02

1148402

2.000E+01
Max = 8.729E+02
Node 19051

Min = 2.000E+01
Node 56313

QZ0702-Transient Thermal (B4) - Step 3 : Substep 93, Time/Freq 54.000000 : Frame 25
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® [ENR/SHIMER

Contour Plot
Temperature(Scalar value)
3541E402
[3 170E+02
——2.799E402
—2.427E402
——2.056E402
16856402
T 1314E402
9.425E+401
5712E401
2.000E+401

Max = 3.541E+02
Node 52481
Min = 2.000E+01
Node 10464

=

q ks =
:‘E I=§0K 5
o ELRSEMER

Contour Plot
Temperature(Scalar value)
28936402

7.985E+01

4.993E+01

2.000E+01
Max = 2.893E+02
Node 40156

Min = 2.000E+01
Node 55466
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1: QZO702--Transient Thermal (B4)
QZ0702--Transient Thermal (B4) - Step 2 : Substep 80, Time/Freq 26.597876 : Frame 25

1: QZ0702--Transient Thermal (B4)
QZ0702-Transient Thermal (B4) - Step 4 - Substep 103, Time/Freq 72.000000 : Frame 25
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Ois pl i) quzhou-1209-Static Structural (C4) - Step 13 : Substep 48, Time/Freq 52.000000 : Frame 16 Displacement(tag) Q70702--Static Structural (C4) - Step 1 : Substep 20, Time/Freq 3.018824 : Frame 25
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1R, TIREN9,3671, ZMERITEN9,1881 . THRIRIEE
7~ T AISI 52100889k . DANTERRGMEIRHAEIGE
HMRIEURESE52100508980E, TERATLHRD .

41.9mm

4—»1
. 1.0mm _I___

e

17.9mm

AIS| 52100594 F K5

36.2mm

C, wt.% Mn, wt.% Si, wt.% Cr, wt.% Ni,wt.% Mo, wt.% Fe

0.93/1.05| 0.25/0.45 | 0.15/0.35 | 1.35/1.60 | 0.25max. | 0.10max. | Bal. 48.05mm ™ o omm !
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Die Load: 4000 Ibs. | l

—— Friction: 0.05,0.2 and 0.5

Xt E S KT R BRI D LA A5 HH EE R J IS A A R S R L
DT IMTE. SHLEWGER, BHSEKEEZ B
LR, E/RERNERRRSHRAER TR, MEREEE
mE, BHSMERGEE L, EESHNBEAKYE. XAEE
BRI EPSEEMEPRIIMI., FEXTUEARF, FiTE7S
MARRERESG. EP=AFHEEREENERER, 575l
yS)

@05 @02 (30.05
ISR RE T Z BRI LA BN

@ HREIFHTRER @ MERIFHERS @ LR TME
B R M5 Al LB E s s SRR, M TnPRH2HAEERE]
NBEAK s, AEIFRNMERENENEFEEEIINE.

— Friction: 0.05,0.2 and 0.5

Radial Direction
—_——

Localized “sticking” excursions /

during the press quench were
simulated by restricting radial
displacement of the top and bottom
surfaces, both independently and
jointly.
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Viewport:1  QDB: EZDAHTE_MODEL/GLEASON/PH...ASELINE'case-1-stress.odb

S, Max. Principal
{Avg: 7500)

630.00
563.33
496.67
430.00
363.33
296.67
230.00
163.33
96.67
30.00
-36.67
-103.33
-170.00

Teotal Time: 0.000000

¥crement

| Step: Activate_dies, activate die load with small magnitude
F4

0: Step Time = 0,000

Primary ar: S, Max. Principal
Deformed Yar: U Deformation Scale Factor: +5.00e+00

Step: Activate Frame:

4]

B SIEBRRES

Viewport: 4 0DB: EZDAHTE_MODEL/GLEASON/PH...ASELIHNE/case-1-stress.odb Yiewport: 5 QDB: EZDAHNTE_MODEL/GLEASON/PH...ASELINE/case-1-stress.odb
Step: Activate Frame: 0O Step: Activate Frame:
NT11 Total Time: 0.000000 SDV_MARTENSITE Total Time: 0.000000
{Avg: 7500)
880.00
806.67
733.33 (1,:83
660.00 0.83
586.67 0.75
513.33 0.67
440,00 0.58
366.67 0.50
293.33 0.42
220.00 0.33
146.67 0.25
73.33 0.17
0.00 0.08
0.00

¥

N

¥
Step: Activate_dies, activate die load with small magnitude I Step: Activate_dies, activate die load with small magnitude
*icrement 0: Step Time = 0.000 z Bicrement 0: Step Time = 0,000
Primary ¥ar: NT11 Primary %ar: SDV_MARTENSITE

Deformed Var: U Deformation Scale Factor: +5.00e+00 Deformed Yar: U Deformation Scale Factor: +5.00e+00
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Final Stress State
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Final Stress State

AR

(FWRESESAGE TS

MPa

746 MPa

/

12 Seconds into Quench
(Time max stress is reached)

472 MPa

/

X
Final Stress State

Outside Quench —Standard
Inside Quench Reduced

325MPa

I

Final Stress State

22 Seconds into Quench
(Time max stress is reached)

#

R

KEARAE]

WD NN




OIS W EREXSREEEAT

TEAN=ENMER T =AM 54w Rka950Mm, N=EHa]LAERE:

1. A SR EFIREME ISR E P 2RISR I PRI D /8882MPa; X EEEPEERLMIE B ~Em iR A
860MPa,

2 (IR R M I R AT FEN (N H680MPa, BEETF AR N IERIERY

3G EEMREM MR NS AIREPN N SRER X RENR SR N OHITILR, BN DRIIEEEEER XIREERI N
#3200 MPa,

A DTSR FTIAIT A VR XAEE R AN DA EES M, 7R EER AN IR EEIN 2B AR AR E X
BYEER BT ImERkEY. 1ZMERAV AR AR S EEPIEREMMEE S, B OEPEIBLa iR EERE,

StICklng to Btm 4 Seconds into Quench Sthk|ng to Btm
Die (Time max stress is reached) Die

14 Seconds into Quench StICkIng to Btm 4 Seconds into Quench
(Time max stress is reached) Dle (Time max stress is reached)

Sticking to Btm™

Final Stress State

TREEE A EE TR R

R FEARAE



OIS Y

IVEEEHAYRREEK

cdante

_4&71‘Eﬁﬂaﬁa



@;nté e

FEA Model with fine surface mesh.
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w1 ODB: EZDANTE_MODELDANA_Shaft. full_redesign _hteidet: 2 ODB: EXDANTE_MODELDANA_Shaft. full_redesign hte1det: 3 ODB: EZDANTE_MODELDANA_Shaft. full_redesign_htcidet: 4 ODB: EZDANTE_MODEL/DANA_Shaft. full_redesign_hte1det: 5 ODB: EZDANTE_MODEL/DANA_Shaft.. full_redesign_htct
NT11 SDV_AUSTENITE SDV_MARTENSITE s, 822 u, U2
(Avg: 75%0) (Avg: 75%) (Avg: 75%0)
20.0 0.00
20.0 0.000 0.000 800.0 0.00
20.0 0.000 0.000 650.0 0.00
20.0 0.000 0.000 500.0 0.00
20.0 0.000 0.000 350.0 0.00
20.0 0.000 0.000 200.0 0.00
20.0 0.000 0.000 50.0 0.00
20.0 0.000 0.000 -100.0 0.00
20.0 0.000 0.000 -250.0 0.00
20.0 0.000 0.000 -400.0 0.00
20.0 0.000 0.000 -550.0 0.00
20.0 0.000 0.000 -700.0 0.00
20.0 0.000 0.000 -850.0 0.00
0.000 0.000 -1000.0

Induction Hardening
Process Modeled

by

Fluxtrol and
DANTE Solutions

Temperature Axial Stress

Axial Displacement
Unit: C Austenite Martensite Unit: MPa

Unit: mm
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800.00
650,00 -950 MPa
500,00
250,00
500.00
50.00
100,00

250,00
~400.00
550,00
700,00
~850.00
10006.00

{Avg: 75%)

S00.00
375.00
250,00
125.00
0,00
-125.00
-250.00
-375.00
-z00,00
-625.00
-750.00
-37%.00
-1000,00

Axial Stress (MPa)

-825 MPa

Hoop Stress (MPa)
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-495 MPa

5, 522
(Avg: 75%)

o
800.00 HTC= 5K W/(m?-°C)
£50.00
500.00
350.00
200.00
50,00
~100.00
-250.00
~400.00
~550.00
-700.00
~850.00
~1000.00

-750 MPa

HTC= 12K W/(m?-°C)

Axial Stress (MPa)
HTC= 25K W/(m?-°C)
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HTC= 5K W/(m?-°C)
Axial Displacement

2.30
2.10
1.90
1.70
1.50

HTC= 12K W/(m?-°C)

HTC= 25K W/(m?-°C)
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-930 MPa
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(Ayg: 75%)

250,00
787.50
G25,00

452,50
200,00
137,50
-25.00
-1587.50
-350.00
-512.50
-575.00
-g=7.50
-1000,00

AlSI 1541

-980 MPa

AlSI 1040

Axial Stress (MPa)
AlSI 4140
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