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1. Red-hot ice cube by induction heating
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1. Electrical O|&}?
Electrical resistivity of material(St2|: ohm-m)

Mzeo| M7 MgE: ©el 20|18 4= =X £= o =42 B2 88(1cm”3)2| 7MY

Relative magnetic permeability of material
Mzo| &S FXt=
i Mold matenal @1

Description | Thermal | Mechanical | Electrical
Blectrical resisitivity of material he-007| ohm-m [0:1e+020]
Relative magnetic permeability of material i) [0:1e+020]

Mame |Tool Steel W3G0

OK || Cancel || Heb
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1. RO M 7| X 2= (Electrical resistivity of material) O 2F7?
OfH EX|7l M7|E S &GS Hlwstr| 2ot 2dK(TH: Qm)
> IS EO| RE+E M7= =227| €Lt

Epe HE =Lk
Metals (Qm) Semiconductors Insulators
o Steel,low carbon 142e-8 e GaAs o Air
e Titanium 42.0e8 . Silicon (pure) e Diamond
» Platinum 10.60e® . Silicon (0025 ohm-cm) * Epoxy
* Nickel 6.84e8 e Silicon Dioxide e Glass
e Aluminum 2.65e8 (amorphous) « water
 Gold 2.35~2.65e3 e Silicon Nitride .16 - .33 e Liquid Nitrogen(77K)
« Copper 1.67~2.65e8 e Silicon Carbide e Liquid Argon(85K)
e Silver 1.59¢8

ot

M7\ Xe&%& 10 http://www.reade.com/Particle Briefings/elec res.html
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0



http://www.reade.com/Particle_Briefings/elec_res.html
http://www.reade.com/Particle_Briefings/elec_res.html
http://www.reade.com/Particle_Briefings/elec_res.html

S<ED&C

Induction Heating ofj & O] & v edn.com

L Mzo| T FXt=

(Relative magnetic permeability of material)?

magnetic permeability = £XI& = & FAlSICH(E) & XM (X)) = H|2(2)

dH FX=m p = =22 FAEp/ e BAE

Mold material

Description | Thermal | Mechanical | Electical |

Electrical resisitivity of material |, 665e-008 ~ohm-m [0:1e+020]
Felative maanetic permeability of material l (0:1e+020]

Name |Copper (PURE) 4
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L M=ol &t FXt=

(Relative magnetic permeability of material)?

oSO FAtg = 2L §XrE / 3L Fits
23 EX}8
270l 7|5 4ES UEE &
Sxo| s20f ttrar SEba
YAEH > 1 (8 JUE LY SR B EE 8E)
SRPIA| = 1 (ATS120[5..)
HEXFA A < 1 (2], QHE| 2, =..)
AE £
20| 113 2FIN A7IX HIL Lsts ¥
0j2 Ze 7t 2 Ao 00f 7HZCh AR = 4nx10—7 ~ 126x10—6 Hm)

A1 S A OILE M, Beiots A71E S8 =20 X7|H0| &&8ot= 51t
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L Mzo| T FXt=

(Relative magnetic permeability of material)?

Meold material !ﬂ}

| Description | Thermal | Mechanical  Electical |

Electrical resisitivity of material 1,665e-008 ohm-m [0:1e+020]

Relative magnetic permeability of material | [0:1e+020]

D| St
Name |Copper (PURE) B B
. |26x1078 H-m
o [ &2 || =8% |
- e R ——

L w——— . AR

= F2|o EXEHM Y
O| AFfCH EXIES = =T T T
2o & FArE XZO| EXS(Hm D)

_ 1.2566368x10—6 _ )
= =57 — = 0999999791955 = 1
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= o
L M=zo S FAt=
(Relative magnetic permeability of material)?

HAMSUE: CH9) BN G SXO2 XLt A7|HMol 4, 0|E ASUE

Wb/m? = N/(Am) [EHe]: =M B2 A 712 2(G), CGS HiE2HT)]

Output: 10A | < Input: 10A |
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1. Elemental properties= Coil2 X|d 9||Of &t
SLIEE BXOo2 8= coil2 52 =X

Mold material ﬂ
| Diescription | Themal | Mechanical | Hlectrical |
Blectrical resisitivity of material 2e-003 ohm-m [0:1e+020]
Relative magnetic permeability of materal 1 . [0:1e+020]
" e
Induction Coil (3D) X |
Mold maternial
[Select a different mold material v] | Select... Name |Cnpper {FURE)
Initial temperature for production start-up 40 C {-120:500) OK i [ Cancel ] [ Help
Frequency 25000 "~ Hz (0:10000000)
Induction coil control
[Tu'ne '][ Specify... ]r .
Mold half assignment Moving v] Induction Coil (3D) time
3 . 3 :
Name [Induction Coil (30) (defaut) &1 Swich off tme |} s[0]
Switch on time 36
(V| Apply to all entities that share this property
L ook || Canca {\ AUTODESK.
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7| XNE.(HFe T2

Induction Coil low potential terminal E

V2 =Bl induction Coil low potential temminal

Apply to all entities that share this property

0K [ Coneel || Heb |

p
Induction Coil high potential terminal

Induction coil electrical options

[Specﬁy electric cument v] Electric cumrent 500.0 ] ampere (0:100000]
Name [IB&udion C;Jl| hlgh pMeMiél terminal property (E;f;&)
Apply to all entities that share this property
ok || Cancel |[ Hep |
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= Induction heating SHA QA MBI EE =0|7| &2t =X Q| Ojd 7| H
= FERO 86%7 =N HH g0|00 HMFE U=

s (X[QT EHEO| EJH) S = —

fr2T718| Fap=(s),
w: Mz EXF8MH -ml=kg-m?2-s2.A2.ml),
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= Meshing 1244t
= Mold Insert(ZFEA|)

= Mold Insert(ZFE ) &E ™ Mesh size

" mesh size = s

)

0.
= Mold Insert(Z}LA|)Q| 1t layer == S(ZE 2 X|H
" BHF S| 4 Layerg =g

| Help |

Mesh Mow || Job Manager || Canicel |

General | CAD | Teta | Guidelines

Mirirrium nurber of lapers between external
and internal mold surfaces [4:20]

Mesh size gradation ratio from
surface to intenar regions [1.0:1.5]:

Fatio of first element layer thickness b
local surface edge length [0.2:1.0]

MNumber of enhancement layers on mold
blocks and mald inzerts [0:4]

Scale factor to the thickness of
enhancement lapers [0.5:1.0]

HHO M Sa7HX[2| Layer ==( 6-Layer <4-d)
HHO|M SHTK[| FH S7tH|=(1.3H{ = S71)
1st Layer =7} AtO|=(1t layer £74 0.8mm)

1st Layer S=H12| 7= 27 (1%t layer 0.8mm7Zt 27}) K

d

1st Layer 74| AFO| =0 Scale B & a
Ex) 1stlayer 0.8mm &I} 0.55 ¥HGSIH 0.4mm F7H| &,

ZZ AUTNoTZEa Tramnmng Center
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1st Layer 574 AFO|=(1st layer =74 0.2mm / 1mm)

General | Tetra | Guidelines

binimum number of layers between external
and internal mold surfaces [4:20]:

bdesh size gradation ratio from surface
to interior regions [1.0:1.5]:

Fatio of first element layer thickness to local

surface edge length [0.2:1.0]:

Mumber of enhancement layers an mold
blacks and mald inserts [0:5]:

ocale factor to the thickness of
enhancement layers [0.5:1.0]

IKED&.C

www.ednc.com

General | Tetra | Guidelines

tdinimum number of layers hetweaen external
and internal mold surfaces [4:20]:

tdesh size gradation ratio from surface
to interor regions [1.0:1.5]:

Fatio of first element layer thickness to local
surface edge length [0.2:1.07:

Mumber of enhancement layers an mold
blocks and mald inserts [0:8]:

ocale factor to the thickness of
enhancement layers [1.5:1.0]

e
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1st Layer =7H|12| 7= 2715t layer 1mmZ} 17} / 27{)

General | Tetra | Guidelines

bdinimum number of layers hetween external
and internal mald surfaces [4:20]:

bdesh size gradation ratio from surface
to interiar regions [1.0:1.5]:

Mumber of enhancement layers on mold
blocks and mold inserts [0:6]:

ocale tactor to the thickness of
enhancement layers [0.5:1.0]

General | Tetra | Guidelines

bdinimum number of layers hetween external
and internal mald surfaces [4:20]:

bdesh size gradation ratio from surface
to interiar regions [1.0:1.5]:

Mumber of enhancement layers on mold
blocks and mold insers [0:5]:

mcale factar ta the thickness of
enhancement layers [0.5:1.0]

/\
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1st Layer =74 AtO| =0 Scale 8 &
Ex) 1st IaMmm QI 1/0.5

tdinimum number of layers between external c tAinimum number of layvers between external c
and internal mold surfaces [4:20]: and internal mold surfaces [4:20]:

hesh size gradation ratio from surface hdesh size gradation ratio from surface

to interior regions [1.0:1.5]: 15 to interior regions [1.0:1.5]: 1.5
Fatio of first elerment layer thickness to local : Fiatio of first element layer thickness to local :
surface edge length [0.2:1.0]: surface edge length [0.2:1.0]:

Mumber of enhancement layers on mold 2 Murnber of enhancement layers on mold 5
hlocks and mold inserts [0:8]: blocks and mold inserts [0:8]:

ocale factor to the thickness of
enhancement layers [0.5:1.0]

scale factor to the thickness of

enhancement layers [0.5:1.0]

.
-
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1. Mold Surface Wizard(FEM)

nnhwnh e

7. Mold Block(FEM)

oA WN

e 22E

Runner 2 &2l (Beam or 3D CAD)
Channel 2 22! (Beam)

Coil 2EIZ/(3D CAD)

Insert 2 E=2l(3D CAD)

e 22

Runner 2 &2l (Beam or 3D CAD)
Channel E%‘ 2| (Beam)

Coil & =2l(3D CAD)

Insert 2 & 2!/(3D CAD)

=4 g (3D CAD)
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= Runner 2 &2 (Beam or 3D CAD)
= Channel 2 & & (Beam)

= Coil 2EI2l(3D CAD)

= Insert 2 EI=/(3D CAD)
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= X|&, Runner, Coil, Mold insert - Import

“a o = Active View ~|= utodesk Moldflow Insight 2

Type a keyword or phrase

Home Tools View Geometry [BNIES] BEndaryConditions Results Reports Start & Learn  Community

avan 2 / -0 A = : R

% 9 E [7" Merge Nodes ™\, Move Nodes <, Fix Aspect Ratio @ R
42 s 1 Al i ENIP= | @R

ES Density Generate 3D Mold | Mesh % Swap Edges I, Align Nodes [ Fill Hole h 2 & g ed &

Mesh Mesh | Statistics ~ Insert Nodes *{‘: Global Merge g2 Remesh Area v
Mesh ~ | Mesh Diagnostics Mesh Repair v | Selection v Properties Utilities h

—_— = @ %
Tasks ‘Tunls

1] Project 'induction_heating_validation’
1% new_model_for_paper_new_coil {copy)
1% Induction model_study
[ Block_study

% v
@ &5 mg E’L T —— (% Move

(4
Measure Q Query

3] [or] [

[¥] Study Tasks : Induction model_study
¥ % Part (Induction model.sat)
% Create Mesh. ..
¥ " Cool (FEM)
<« @ Generic PP: Generic Default
Material Quality Indicators e
Environmental Properties Lo
2 Set Injection Locations, ..
< Cooling Circuits (None)
= Coolant Inlets/Outlets
%3 Create Mold Components. ..
&? Create Mold 3D Mesh. .,
< U5 Process Settings (Default)
< {1 Optimization (None)
& Start Ana !
[ Logs+

£ Lavers

-[#]&z Default Layer
4.[/]t3 CAD Geometry
[l Induction model 1 l | B
[z Induction model 2 AUTODESK'

R -35
: = Induction model 3 MOLDFLOW' INSIGHT Scale (10 mm) .30

[ new_model_for_...|[¥ Induction mode.. [B|[s  Block_study |

Ready Logs Thermoplastics Injection Molding
Product Support Specialized
Authorized Developer
Authorized Certification Center
2 8 Authorized Training Center
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= Induction Coil 2 &M AX

[— todesk Moldfloy

1 nsight 201
Start & Learn

n model_study]

Type a keyword or phrase

Home Tools View Geometry [@VUISSll Boundary Conditions Results  Reports Community o -

o E‘zﬂ Merge N Move N 4 Fix Aspect Rati o BB & % Move
O - % @g * E7j erge Nodes ~\, Move Nodes <, Fix Aspect Ratio @ By iy ;@ ER hg et [ Remove —— (% Move
— ©% Swap Edges .. Align Nodes [&] Fill Hole By £ & & 6 & (4 Query
Density Generate 3D Mold | Mesh [ Assign EE] Change | Measure
Mesh Mesh | Statistics ~ Insert Nodes 4:'} Global Merge g8 Remesh Area BD3 || ¥ Delete
\ ‘ \ ‘
I Mesh « h Mesh Diagnostics v | Mesh Repair ~ | Selection » | Properties | Utilities
1 x|
o | = @ X
Tasks | Tools
F] Project ‘induction_heating_validation' r' ~ :
[ new_model_for_paper_new_coil (copy) B Change Property Type :
[ Induction model_study [E . o
3] Block_study 6,

Hot runner (307 Ok \ ‘

Fartinsert (30
Mold block (3D) anee ~
bold insert (300 3

Heater (30) Help
Channel (30

[#] Study Tasks : Induction model_study
« % Part (Induction model sat)

W Create Mesh, ..
¥ % Cool (FEM)

on Coil (30

<« @ Generic PP: Generic Default Cold runner [3D:I 3
Material Quality Indicators % 2%
Environmental Properties LR

2 Set Injection Locations, ..
¥ & Cooling Circuits (None)
2= Coolant Inlets/Outlets
< 8 Induction Coil(s)
0 High and O low potential terminals
< %3 1 Mold Component(s)
1 CAD Mold Component{s)
&% Create Mold 3D Mesh. .,
v &5 Process Settings (Default)
< i1 Optimization (None)
& Start Analysis!
[ Logs+

Choose a new property type thatyou want to apply to the selected
entities

= i
3200 z
£ Lavers
-[/]& Default Layer
4.[7]&3 CAD Geometry
& Induction model 1 I | 85
.[¥] Induction model 2 AUTODESK -35
|_Zl& Induction model 3 MOLDFLOW' INSIGHT Scale (10 mm) 30
[+ new_model_for_...|[® Induction mode.. [/  Block_study |
Ready E4 Logs Thermoglastics Injection Molding
Product Support Speciahzed

Authorized Developer
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= Mold insert 2 =M AN

- ~ -_’ = E% Active View ~ (™ utodesk Moldflow Insight 2016 ion model_study] Type a keyword or phrase ," ) » = (s -3 |
Home Tools View Geometry [@NESIMl Boundary Conditions Results Reports  Start & Learn  Community o -
e E Merge Nodes Move Nodes <3, Fix Aspect Ratio iR B & — (% Move ~
— 3 Swap Edges g Align Nodes [}j Fill Hole By £ & d_t\'} an & (q Query
Density Generate 3D Mold | Mesh [ Assign EE] Change | Measure
Mesh Mesh | Statistics ~ Insert Nodes 4}:" Global Merge g2 Remesh Area BD3 || ¥ Delete
| “
I Mesh « h Mesh Diagnostics v | Mesh Repairl Cha nge Propert ne | X |
x|
— P
Tasks | Tools
] Project 'induction_heating_validation' Hot runner [3D:I Ok,
8 new_model _for_paper_new_coil (copy) B8 Partinsert (30
1% Induction model_study [E artinsert (30]
‘ 3]
8 Block_study Core (3D Cancel
hdald in
Gramnel (1
Channel (30} =H =
Induction Cail {301 -
Part (3D} N
[3 Study Tasks : Induction model_study Cold runner (30)
< % Part (Induction model,sat) ,
W Create Mesh,,,
¥ “% Cool (FEM) N
v & Generic PP: Generic Default
Material Quality Indicators BloEo o) =
Environmental Properties HF Dy
2 Set Injection Locations, .. ]
< Cooling Circuits (None) Choose a new property type that you want to apply to the selected &
3 Coolant Inlets/Outlets entities
« & Induction Coil(s)
0 High and O low potential terminals
< %3 1 Mold Component(s)
1 CAD Mold Component(s)
&% Create Mold 3D Mesh. .,
v &5 Process Settings (Default)
< {1 Optimization (None)
& Start Analysis!
[ Logs+*
= x|
2ANGEEEER z
£ Lavers
-[/]& Default Layer
4.[7]&3 CAD Geometry
& Induction model 1 I | 85
.[¥] Induction model 2 AUTODESK -35
|_Zl& Induction model 3 MOLDFLOW' INSIGHT Scale (10 mm) 30
[+ new_model_for_...|[# Induction mode.. [@|[s  Block_study |
Ready E4 Logs Thermo?lastics Injection Molding
Product Support Speciahzed

Authorized Developer
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3 O Authorized Training Center



S<ED&C

Induction Heating ojj M 45 wwwrw_edinG com

= Induction Coil High/Low Potential Terminal &7 (Boundary Condition)

Autodesk Moldflow Insight 2016  [Induction model_study] Resulis Reoorts Start & Learn

Results Reports Start & Learn Community

Y B8 Tije ~ T New Lock View ~ y [+ Select b._-"
(C§ Entities EI'.’ Model Display cf Edit E I:l W E E&‘ L ‘; N—
Split ~ Close ~ Lock Plot ~ " Pan —p

lj Perspective Metric units v User Z Clean Switch P o 8 Full Navigation ™

Interface Screen ¥ @ Cascade [ Arrange | €8 Lock Animation ~ Wheel @ Zoom All ~

Coolant

Appearance | Cutting Plane | Windows \ Locking | Navig InIets;’Dutlets ¥
- x|

Tasks | Tools \

] induction_heating_validation A
new_model_for_paper_new_coil (copy) Bl
Induction model_study

Block_study [
Model _study EEEE
Study
new_model_for_paper_new_coil {copy) (copy)
Study 1

Induction model_study_1 =
Induction model_study_1 {copy) B
Induction model_study_1 (copy) (copy)e]
Induction model_study_1 (copy) (copy) (copy)
Induction model_study_1 (copy) (copy) (copy) ( «

Coolant Inlets

m

Channel (3D} Inlets

Channel (3D} Outlets

| @@ EE @ @ @ 6 e e

Rapid Heating and Cooling Inlets

< | TT— ‘ P

|% Study Tasks : Induction model_study -
¥ % Part (Induction model, sat) ‘
v @ 3D Mesh (156276 elements)
< " Cool (FEM)
<« @ Generic PP: Generic Default ‘
Material Quality Indicators b
Environmental Properties EHEP
¥ 2 1 Injection Location(s) L=
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