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Relationship between Cooling State and Heat Treatment
Deformation
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In oil quenching, uneven cooling of the surface due to the
collapse of the vapor film affects heat treatment deformation.

Influence of thermal boundary conditions on the results of heat treatment simulation, Tsuyoshi Sugimoto, Dong Ying Ju, Materials Transactions 59(6) 950-956 2018
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Reproducing vapor film collapse by cellular
automaton




Heat Treatment Deformation in Group Processing

Heat treatment
deformation of group
packages is occurred as
followed.
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Repeated changes in heat treatment deformation (experimental)




Classification of heat treatment deformation

Note: In reality, it is not
Factor that simple because there
are interactions.
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Vapor film

E Vap r F"m E Heat Treatment Deformation in Group Processing é
: QuenChant(Oil) E . 2 I — Heattrea'tment
: . . K o deformation of group
: : 3] § \ = | packages can occur
B The vapor film vibration | B | mx il arge at 3 specifc ocation
£ causes the vapor fim R RO 2o oot
O thickness to become P P | specificlocation |
Vapor. fi'm : 8— thinner’ and the Vapor Repeated changes in heat treatment deformation (experimental)
. . : wn / f- A i e T~ - s 1 A N
variation ! ilm begins to collapse | / === e S NS _ il
i when the quenchant , _
| reaches the object By reproducing the vapor film
surface. vibration as a wave, uneven cooling
v will be reproduced.
. .1 62u 2 ) . v ‘
Wave Function:——— = V?u *+EQ, (4) v: Phase velocity
v dt u: Film thickness
+ t : time
External excitation with random factors: r




Heat treatment deformation calculation for a single piece
-Change in vapor film collapse-

mation Calculation

v=0, | v=|

1st Upper

4th |
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The vapor film collapse pattern
and repeated changes are

chaotic phenomena that
change depending on the phase
velocity (vibration pattern)
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Repeated changes in the collapse of the vapor fllm at the perlphery when v is changed




Heat treatment deformation calculation for a single piece

-Deformation-

Heat treatment deformation calculation for a single piece =
-Heat transfer coefficient- @

57 - 152 (MPa)

753 I
665

578

491

403 =S

We can predlct the occurrence of cooling [ ...

unevenness and deformation.

Max Deformation 0.3mm |
(The rear surface flatness under the
same conditions was 0.3 mm. )

- The calculations are generally quantltatlvely accurate
- Thermal deformation caused by initial temperature unevenness
continues to have an effect unt|| the end
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Ssmaraton conditions

Solver SFTC DEFORM-HT ver|3
Nodes 14520

Elements 12000

Coating Mesh 0. Imm

Size

Element Shape Hexagon
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Heat treatment deformation in group packaging

Scope(Red)

Elow Speed(cm/ Large deformation occurs where
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The flow speed is
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Oil flow velocity distribution
within the red frame during ring
part quenching

Position in Packing
Repeated changes in heat treatment deformation (experimental)

Is it possible to solve the Heat Treatment Deformation of Group
process by solving the interaction between fluid and cooling




Interactions of Fluid flow and Boiling Film Collapse

Research report on the 2002 IMS

'E’ Latent heat Of International Joint Research Project of
epe . NEDO, Yoichi Watanabe et al., 2002 .
2 | boiling Cooling . Vapor Film
o Fluctuations due Newton Cooling
[ . .
b to flow velocity Quenchant(0Oil)
o 8000 ~
o 7000 A\ : :
" = g 2 c @) » Excitation r
7 G 7 £ @ Forced displacement
§ . PREEN | A— == O of vapor film thickness
’ ’ . 100 200 300 4(1(; 0f:()O 600 700 800 Q
: — = "Forced the vapor film col.lap.se SR L — ) due to external flow
8 = due to external force/excitation / force f
T Of the vapor fllm ?esearch on the vapor <
ilm collapse process in .
triggering of vapor When the thickness
explosion enomenon,
Temperature Takahiro Arai, 2010 becomes zero, the
. . . . vapor film collapses.
Changes in the vapor film thickness due to flow velocity P P

and flow, and changes in the vapor film vibration are Hypothesis of Flow Effect on
incorporated into the vapor film vibration equation. Boiling Cooling
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CFD conditions

Solver ANSYS Fluent 2023

Pressure Outlet | Quenchant Density[kg/m3] 800
| , Quenchant Viscosity[kg/m/s] 0.8m/s
B Inlet Velocity[m/s] 0.8mis
: Outlet Pressure[Pa] 0
Flow Model Laminar
Mesh number 313,567

Target maximum cell size[mm] | 3mm

Target minimum cell size[mm] | 35mm

Model: $180mm(outer), $100mm(inner) x t=35mm
P Process Load setting: 3 x 4 x 7 pieces
i Velocity Inlet Area size: 1200 x 1200 x 1000 (mm)

Because this study aims to easily solve the cooling of a group processing, a
simple calculation model is set up. The free surface on the upper surface, the
swirling flow due to agltatlon the temperature etc are ignored.




CFD results -Flow State-
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Estimation of external force acting on vapor film

Target of Observation

1400

-800
Total

Pressure[m/s]

In areas with high flow speeds, strong forces act on the
surface of the parts.

Definition of vapor
film thickness
reduction




Vapor film collapse reflecting pressure fluctuations in
group processing

Vapor Blanket
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Direction
By applying a forced film thickness change f .
to the area with large total pressure, the vapor Stable and large cooling unevenness (heat
treatment deformation)

film collapse was stabilized.




Agenda

v Conclusion

1




Conclusion

From the results

By incorporating phase velocity v (oil properties, scale) and vapor film
excitation force f (pressure, etc.) and coupling with steady-state fluid analysis,
we were able to perform cooling analysis of group processing

Future

Since many phenomena that change the steam film thickness have been
reported, we will experimentally extract and incorporate important parameters,
especially in "collective quenching™

Quantitative verification of repetition and variation within the package

This research was partly supported by JSPS Grant No. Research
JP21K14061 "Quenching Simulation Reflecting Manufacturing Variations
Using Low-Dimensional Cellular Automaton Method"
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Basic Formula
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