Kg/ Fuji Electric Innovating Energy Technology

IREBHNm BeHCR

Comprehensive Guide to Industrial Melting and Heating

28A2-W-0012a



gBHEEOEODHaye Sk~

B _
Concept of Manufacturing of Fuiji Electric

ZE2MEDHER

Ensuring
safety

TDDEKE REMEDIER

Achieving Pursuit of
security stability

T2 im B High quality |
B2 DR ZIDDEIE LREMDIENR
RELTRETEDRMOREM

Pursuit of Stability
Provision of facilities that
can be operated stably

ReMEERLRIEORE BIOLTEZABEWVSEEEDR L
Achieving Security

Ensuring Safety
Improved reliability ensuring security

Provision of products ensuring safety

LCCOEH IORE

LCC Eco management

RIBHEEAN DRI

IIRLGSATHA4YILARXE
Measures to protect the environment

Minimum Life Cycle Cost

EADEIXEM COBHEI Y LVATLOREMR

Most energy-efficient products Provision of systems with minimum COz emissions

1ISO9001

HHEEHDRBEFEOLED
HAIXIVF—DEHFICBBALET,

We fulfills your expectations concerning the solving of
environmental problems and enhancing energy saving.

JQA-2034
REYRT RS
Quality System
Certification obtained
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Advantages of Electric Heating

ESUNBDORARISIZIZITEOTEY ., £EMR L RIBRS- TG EITHEUDE. EEEHMICKEIRIDEIM T,
FCNBAREORELHIEEORENS, HRLAGINMALETOEESERLARNE T, MEOEERER. TL W
ERHATONMBAD AR LD S, IXIVF—HEEZR/NRICHIAT T, Ffeo BEEzHDEVINIRAHE
DT RIEWELLZ2MAEICHERMLET,

Electric heating with wide-ranging applications ensures improved productivity, environmental preservation, and enhanced
safety, thus facilitating innovative production. Its high heating rate and superior controllability improve productivity in various

heating processes. Direct material heating and local heating of the necessary areas only minimize energy consumption.
Electric heating, which does not involve combustion, helps improve the environment and safety.

Eﬂfﬁiﬁ’\d)ﬁﬂ% Consideration for the surrounding environment

O IR LBHEAR. CAHLOBEEO
®Zero emissions of exhaust gas or dust from combustion

EEMMELE - BHIEANDZFE Improved productivity and power saving

OZENMH eSS DEBL eMEDA YA UL
®Rapid heating ®Line automation  @Inline heating

ESB)EOA R4S Comprehensive cost reduction
OEANL OXTVTFURBDHH eI LEEDHIK
®Fewer workers  ®Reduced maintenance cost ~ @Shorter startup time

@éﬁ maick 3 EEIEIEDOWUZE Improvement of the industrial environment
IEE*& OIEED S DMEEIR O BEEADIEIR

@ Minimized heat dissipation from devices ®Reduced waste

Production innovation
achieved by electric heating

2mE{t - 2{THN{#{E{E Higher quality/added values
OTRELEEEE eoHEmEMAR
@ Highly-accurate temperature control ~ @Ultra high temperature heating

féﬁ%% Safe operation
ORHSDEN  eFAEMERE

®Free from the danger of flames ~ ®No need for combustible fuels

BIRIVF— - BEFEDOTIREME  Possibility of energy/resource saving

OEIERH - FESINEUC L2 BUBRDER
®Reduced heat loss achieved by direct/local heating

B AN—ZR  Space saving

ORA T, MRV VI EDNTEBHIAE
@ Eliminating the need for incidental devices such as boilers and fuel tanks
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Melting Technology

—1964F LK. 2,000EZEADMARBL TR —
BEE % DIFHZEER 40T/10,000kW (S585A)

60T /3,500kW EB&&F)
AR5 DIFHEEELR 25T/13,000kW (B585F)
BRI ER FEIF 85T /60T/2,000kW (&%)
BB OHRER/BELLTEY., B#EOBZE - 2 - ®REVLITTEL BIX - COH!
BWE EIRIBAEBANKRESCEMLE T,
—Delivery record exceeding 2000 units and record-breaking items since 1964 -
Low-frequency crucible type induction furnace: 40T/10,000kW (for cast iron)

60T/3,500kW (for copper alloy)

High-frequency crucible type induction furnace: 25T/13,000kW (for cast iron)
Low-frequency channel type induction furnace: 85T/60T/2,000kW (for cast iron)

We focus not only on improving the operability, safety, and maintainability of our products handling molten metal
but also on improving the environment through saving energy and reducing CO2 emissions.

. E & 5& 5D (i HZ Eﬁ %E: ﬂ(ﬁ High-frequency crucible type induction furnace

2% {+ F  Standard specification

P A2 Furnace capacity 30~30,000kg

/] Power 60~20,000kW

B/ \1{/NT—(CKB23EAM  High-power rapid melting
BAEEMAELE  Improved productivity
mCOMiB  Reduction in CO2 emissions

. 1& E.l ”;& 5D ‘f Hg §§ g *ﬁ Low-frequency crucible type induction furnace

fZ# {+ Kk  Standard specification

JA A& Furnace capacity 150~60,000kg

E /] Power 90~10,000kW

B KHZ5HA  Large-scale casting
mEHREE  Continuous operation
B FE  Component adjustment




B EFSHEEAFEEIR Channel type induction furnace for cast iron

fE# (L K&  Standard specification

A A& Furnace capacity 7,000~50,000kg

BT Power 300~1,000kW

BA5EDOFE - 858  Retaining and temperature increase of molten metal
WARR S EEE D A DS Cushioning between melting furnace and casting line
BIECHOBAE  Recycling of waste molten metal

B mEXBE§EHIE  Pressure type automatic pouring furnace

fE# (L K&  Standard specification

A A E Furnace capacity 2,500~8,500kg

/] Power 150~300kW

m TN DBENES  Automatic pouring into mold
B 2HDF5ERIAE  Pouring while receiving molten metal also allowed
S S ADRIE  Applicable to molding lines

. E: % E?% ﬁ ﬂfﬁ Vacuum induction furnace

1E X (L &k  Standard specification

JFZA & Furnace capacity 10~20,000kg

& /1 Power 20~1,800kW

B350/ X Degassing of molten metal
mi55R  Refining
B SRkEEMOEE  Production of high-quality steel

. *Eé ﬁ *% 'ﬁ'é’, 17_1' ,%7'% g ﬂfﬁ Induction furnace with refining function

1E# {+ K&  Standard specification

A A E Furnace capacity 2,000~8,000kg

7] Power 1,800~4,000kW

B 06 o EHIR < T OARMREBRESS  Melting and dezincing of zinc-plated steel scrap
B R ABRZE Removal of impurities

BIZIEANE  Environmental improvement

BE T X Energysaving
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Heating Technology

FEMBUISBMBICEITZEIROTIAL, ELY be—2ZmHEL, FHREL Y be—% - @BIMBE L,
EA2DERBMER - BRIBITICAEN. £EETOCAERICRIIDOTVET, REGRECRaDOREZES. T
NOBEMBDFFEHR T,

Induction heating, a master card for energy saving in metal heating, is applied to various metal heating and thermal

processes using billet heaters, special billet heaters, and mold heaters to support innovative production processes. Creating
optimal quality in a comfortable environment is the hallmark of induction heating.

B 7I/IVZEL Y FeE—% Auminum billet heater

1ZE XA (L Kk  Standard specification

T Power 300~1,000kW

B eEFEEEEGFHESE  Fully automatic optimum operation control system
B2y FOA)VATHEEB  One-touch coil replacement system
mET X Energysaving

B ESREEBEL Y bbe—%4 Biletheater for warm forging

fZE#E (L Kk  Standard specification

& /] Power 180~1,300kW

RERBEATIEFHR - T v EV D - MEAD=1&%ZE—&(t
The heater for warm forging integrates the following three functions: Preheating, dipping, and heating

Ty EVTRBOBIRLTAY T AR L
Enhanced maintainability achieved by a simplified dipping device

B K7 kb—%4 Boreheater

fEX (L &k  Standard specification

T Power 50~200kwW

BT — 7 NEOREIE

Local heating of the internal surface of circular work

. =8 7]” LA b — A Heater for mold heating

fZE#E (L #k  Standard specification

& /1 Power 50~200kW

B OESE CRAE RENIIEE

Heating up to the specified temperature in a short time
B BIFASRESM  Accurate temperature control
BEINR—XEEERIBONE  Space saving and improved work environment
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Pipe Making Technology

BEEEREMOESHEMORMEICEFZLOLET, ERERERI SXMUET T SVVJIX DK
RIZHIREB AR RINE T, IMBEEDNOAREETC HELSIEXEET CHOWIEREICEMLTVET,
Advancement of high-frequency power supply technology spawns innovation in pipe manufacturing.

Such innovation includes significantly reduced running costs and space saving in electric resistance tube welding and
surface processing.Our pipe making technology improves the manufacturing of various pipes including steel and nonferrous

pipes.

EREREEE RENEBIEERAE—Z
Electric resistance tube Heater for surface processing/drying
welding equipment

a7 FERX

Contact type Induction type

REEZIRAE—X

Heater for surface processing/drying

: L7Fa—Ac—%
Electric resistance tube welding annealer HYNIEAE b — & Heater for reducer
Heater for thermal treatment

BRNERE—%Z L7a—9RAEe—%

Heater for thermal treatment Heater for reducer
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Electromagnetic Force Technology

BEICEETHER IR BREIBHEITU .

MEDEEAH - RDEEL - FRLICK DS Reverberatory furnace A5
BEUML - 4TX BSBEOMMLICLS F’OL;”Q orturnings
SOk | 2 \ IN—F 28s "
BHRELLICEE LTVET, A L&
Forcible agitation is performed using electromagnetic LR

force generated in molten metal to mix in materials, — = B
and achieve the homogenization of components jROtate L 7\’5‘—3
and temperature, thus improving the yield, saving — — ‘ Spiral sirrer
energy, and enhancing characteristics based on | KRIEA S — Fumace bottom sirrer |
refinement of the crystal structure.

B FEX%Z—F(EMS) Furnace bottom stirrer (EMS)

RS & DBEMER DD E WIEEME D TA Y TV AH
IERICEETY,
The structure without a contact area with molten metal
facilitates maintenance.

BRI BHREZ LT T IFOEERZEHET,
The rate of solution of materials can be increased to enhance
furnace productivity.

B A&EFEFX2—5(SMS) Spiralsstirrer (SMS)

BV T LEM SEBOBRERY S TEIFEMTA
HOBDHRANNRANICEE LI BHBYDEETT,
Waste aluminum materials and various types of lightweight

scrap are taken into molten metal efficiently without making
physical contact, which achieves high yield.

B COHEITZEHER DR HBHICISET 5 & T EaiE
BOWHREAIBET T,
By applying this technology to the agitation of molten metal
prior to forging, the crystal structure can be refined.




Steel Making Technology

AL S HMIL T O RICHIFHFEMARMIC L DREME - IAFEHIRERL - TR - SEXYELRIFT
0 FGRERARICEMLE Y, FEMBARRKLENSAT 5080 - HlHGEEOBEEZELERYIL—7 TEY
HATVET,

Temperature compensation and heating control based on our induction heating technology in the smelting and product
manufacturing processes not only improve quality, save energy, and increase yield but also contribute to the development of

new products. The Fuji Electric group has been focusing on combining the products manufactured by induction heating with
drive, measurement, and control technologies.

TL—b3 AN - ERL
Plate mill ] !
) Hardening. tempering uoE
e UO pipe
@ A HAR
O AEHRMRIC KD EMEL *D?:%%iﬁk%%
Tundish heater ) Large bore pipe hardening system
® Molten metal temperature increase
® Higher quality achieved by the molten
metal refining effect BE5 % L,;%TE AN -

L TL—he—% BREL EHREIR
X7_7\t~5 Z Plate heater ~ Annealing. hardening. Thick steel plate
ORTTHIR tempering
Slab heater Ry
@ Slab temperature increase Z Ry FI L

R % Hot strip mill
— X IR
Soaking furnace Thin steel plate

SEIRANFAEE

Thin steel plate heating system

; 73tk
A Tinned steel plate

4‘/@‘5*‘)3 70—

Induction reflow

NSy | | BRERRY R

. AN g \
Acid pickling  [] Crucibletypepot | BR(LA EieH > EHR
line Alloying furnace Galvanized steel plate

BRK b
Channel type pot

A=tk

I = Colored steel plate

FRMIRGE S A~
® 52JF - SIS
Coated steel plate baking line
® Drying/baking
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Power Supply Technology

EFRERED SMHZE TERNIDIRIAV AR EEZFEHRRER CTH/N—LTVWETDT. HEDBARE - N
RarHGELE Y, FMADOBRERIMEAREREZREIETCVWEIOC WHLTERTEEY,
Our semiconductor type power supplies cover the industry’s widest frequency band; ranging from commercial frequency

to figures in the order of MHz, thus satisfying various melting/heating loads. In addition, our substantial protective devices
ensure safety when faced with unanticipated circumstances.

BRE - INEARERE A

Range of power supplies for melting and heating

=5 20000 | |

7 —1 — — ‘

[kW] 10000 i I‘

Power 7000 — ﬁ

« T

[ W] 5000 :: ﬂ
3000
2000

A% Emni A
1000 :Eﬁ’#ﬁIGBT{‘J} —% MHZzZ#%
- - IGBT inverter for melting o m—— MOSFETA ) (=% A IIN—%
. MOSFET inverter MHzr:[cIass
inverter
— ——— e
100
70,
HBAUREAVI\—5 IGBTA VI\—% 1wk (/)
= Thyristor inverter IGBT inverter unit (compact type)
20,
5 3 g =T 51T = = 1 SIRE
ER#E (kHZ)

Frequency [kHz]

B YA YRBZA)\N\—2  Thyristor inverter

10

1E % {+ £ Standard specification

S Power 60~13,000kW

8K £ Frequency 50Hz~10kHz

FEIR ELy he—2 SBMAEE

R & Application Induction furnace, Billet heater, Various heating
systems




A BIGBTA >/\— A IGBT inverter for melting

- BEXVNTSRER B
*g ;_E ,f:t *}% Standard speciﬁcation . Fuji MELT PLL;S power supply/control
! R \ No.2/F /)
== H ! H Power for
% 7] Power 750’\“20,000|<W >"_g i ) furnace No.2
B BORE No2 47
3 % ] Afj:fetﬁg —Ft;qrgazce THES
b 3 5 - 100%
B Frequency 50~500Hz 2¥ o
27
8z Toovh
- e 2 o
FEIR (EEUFERRE) | E% BAEE | Nl
. - cLyhe—4 g ) Adutng — g
A& Application _ _ _ s system Nod
Induction furnace (simultaneous multiple = No. RS
furnace operation),Billet heater Power for

furnace No.1

B IGBTA /N\—21 =y F(/J\BY) 1GBT inverter unit (compact type)

fZE X (L £k Standard specification

B Power 20~50kW

JB R # Frequency 10~30kHz

INIDARRRER (FER HSRGEE)  T4IVLFEER
& Application Compact melting system (semiconductors, glass,
etc.) for film deposition

20kWZL = b 20kW unit

[ MOSFETA >//\—%  MOSFET inverter

2 % {+ $ Standard specification

20~75kW (L= k41 7F) ,100~1,000kW

ES P
= ower 20 to 75kW (Unit type),100 to 1,000kW

JA K £ Frequency 50~500kHz

BREEREN EIRMAZE, SEMBEE.

e ]
- A
2z R Application Electric resistance tube welder, thin plate heating
system, various heating systems, levitation melting
system

B MHz#kA >/\—%2  MHz-class inverter

2 #£ {+ # Standard specification

S Power 100~300kW

B R B Frequency 500kHz~1MHz

BEEAER. WEIRINAEE.
FERSERNBEEE. I EMNRERE
AR Application Electric resistance tube welder, ultra-thin plate

heating system, nonferrous plate heating system,
wire rod heating system

11
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Applied technology

HHEBICRTm XM ZR AN HRZRFEL. RAGDBFIRELTVET,
FETOCLATERYDI L EETOCADEFHICBETLTHADHIELLS. T—HREFELTVET,

We have been and will keep developing products integrating advanced technologies, providing them for various fields.
We are happy to receive your feedback with your concerns and updating of your production process.

B ERtE8eas - §5:53EE  High melting point alloy smelting/forging system

B ARR MO REED LA EBREEE — ML LE LT -
Melting technology capitalizing on levitation melting has been - ‘
integrated with precision forging.

B RS2 EARERE  High melting point metal melting unit

BB DR BV ORFEARBRIMICK Y. SRs - BHE - Bk
EEDERARDARETT,
Levitation melting technology using a water-cooled crucible facilitates
the production of alloys with high melting points, purities and specific
gravity differences.

. 33§ % FH %; 1 Power supply for deposition

BRI R Y MGITHERTEMER - BT % ($20%) #RI[ L
F LT

Higher efficiency and energy saving (by approximately 20% higher than
MG) achieved by the semiconductor system

BRSF - RIRDBZ (AT ABER) T,

Easy maintenance and inspection (lower maintenance cost)

BT o7y \ZIVEEMLDFRBICKY) . BIEED L - b aRIB
LELT

Adoption of automatic graphic panel improves operability and ensures
higher efficiency.

12
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Example of improvements achieved by induction heating (IH)

BROBRER - F2RS = FEFAN

Change of heat source for melting: Cupola = Induction furnace

WSV ORXMER Reduced running costs u COHEHERL Reduced co: emissions
usnEt Higher quality S ENE Ease of finding successors
mIRIENE Improved environment
J— Y ABHEEE Ik =5 EERRFCOFEHBI S A (1246R/)
Unit price of coke and break-even point (example) Example of percentage of CO2 emissions (for 12 years)
(FEIFRER) — (F2RSHER) (BAMA) F21RKZ(18%) " |
(Overall cost for induction furnace) — (Overall cost for cupola) [Unit: ¥million] Cupola (18%) -
100 — R 18% B R S (150 [ —

Cupola (15%)

Fa1RZ(12%)

e O—AH15% Cupola (12%)

Coke ratio: 15% . FLUR

Induction furnace

300
200
100

Coke ratio: 18%

0
oo O—UXH12%
Coke ratio: 12%

-100 0 50 100 150 200 250 300 [%]
-200
-300
-400

-500

FRHZE 4480t F. 2tF 1 RT X 2EX AR =

BERIR 1t 600kW X 2 BEIREA#E T DO EH|

HE  BFEIFEAICLBEE - BEDRELAFADBEREARZAERY AT LBEHITSE
R T 2)LF— ) XU HRE (200853 8)

01— A8 (F3/kg) Unit price of coke (¥/kg)

Annual pouring volume: 4480t/year, Example of estimation: the

case in which alternate melting with two 2t cupolas was replaced by

simultaneous melting with two 1t/600 kW high-frequency furnaces

Source: Environmental/economical effect of the introduction of induction furnaces
and development of the life cycle assessment (LCA) method Graduate School
of the University of Tsukuba, Faculty of Systems and Information Engineering,
Department of Risk Engineering (March 2008)

MEBADRREGHR - MBF=>4254 AFEMHAEN

Change of heat source for heating: Combustion furnace = Inline induction furnace

W FERESD20~30% 77 v

20% to 30% increase in production capacity
mEULIBDOO X MY1/3NBIE

Heat treatment cost reduced to 1/3
W EEESEER DN C K2 BAEER

Reduced thermal strain achieved by short-term local heating
B EH AN

Space saving

i : 27 LADERLILE

Example of change: Solution treatment of stainless steel

Updatlng ofa h|gh—frequency power supply system: Vacuum tubes = Semiconductors

m #30%DESUTEIR
Electricity expense reduced by approximately 30%

B AT UREDHE (EEEDITHAE)
Reduced maintenance cost (no need to replace vacuum tubes)
BEEEHR AR ORHE

Eliminated anxiety about vacuum tube supply

B BRESEER

Example of updating: Electric resistance tube welding power supply

13
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Test Melting and Heating Test

HUTIE BEFRDODTELISC T BEF AR MAEBRD TEALDICERBLTVE T, TABIETERVLDHE?
LTHEWGEREWSTEENTTWVWELES. BREBICBEEEIEEL,

We are ready to perform various test melting and heating tests. Contact us with any requests or if there is something you
would like to do.

&R

Customer

D . D
SEE. BN ﬁ I )a1—3VTIZTIVY

Your requests and Solution engineering

concerns

V)1—2avREES VT IVINIHBROITEE

Proposal of solutions and discussion on sample processing test

|

BT IV OEERE T TR

Preparation and provision of
sample materials

|

BT IVINTEERDERE
BHOIRVEENILEY

Implementation of sample processing test

Your witnessing is welcome

BRZER

Preparation for test

Y7 IV EHi X Y7 VT AR (R
Assessment of samples F—2DIIRH ° 500cCRimARERE
Submittal of processed samples ° SEE100kg7Af#F
and data - BAREREL
Examples of test facilities

© 500cc levitation melting furnace

%ﬁﬁ)\&:ﬁtﬁ:é%ﬂ’ﬂt?&i ¢ High-frequency 100kg melting furnace
Specific proposals for introducing facilities * High-frequency power supply

BEHDSDTELEESFELTHSIUET  We look forward to hearing from you soon

14
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After-sale Service System

BERDLUHMADRRBZE ZEICROLTAL=XIcTEAV K edlciE. RARITASTIVZRIEL. K% &

BOOAYTAY IVIAFOENEBE T,

—BrSTIVHEETCLES L BIRDLSICHREERNDD BT THL RADKEFLEZBOSN, 5%

FTCICEZLDIBRIFEELET,

CDEIGE ST IVDFEEERAIFH Teblch,
REFTEDPDCAZ[EIL. RBELRBREZR
RLUCWKESETITHLTNET,

To ensure your equipment can be used safely,
smoothly, and with peace of mind, it is essential to
prevent potential trouble and constantly maintain
the equipment in optimum condition.

Once trouble occurs, not only are time and cost
required for restoration but sudden equipment
suspension may also result in significant losses to
your business partners.

To prevent the occurrence of such trouble, we
recommend that you perform plan-do-check-act
(PDCA) activities for maintenance, thus achieving
optimum equipment maintenance status.

B ITEERHRT 72— —ERADELA 21—

7 72 —H—E X

After-sale service system

““PLAN |

BERORBRRICELf
RARSFHBEDOFER

Creation of a long-term
maintenance plan ideal for the
status of your facilities

>

Do |

® FIHREDEHE
OHEDAYTF VA

® FlEmMDIEA

@ Implementation of preventivemaintenance
@ Daily maintenance

@ Purchasing of spare parts

AN

A\

AR
REBPRORE « FTEIDREL

BHHERICEST

Study of the areas to be improved and
review of the plan according to the
results of inspection and diagnosis

R - RimEDk
Inspection /
facility diagnosis

Major after-sale service menu for industrial

electric heating products

1) VIEIRER / (P AMEIE /
ARG RAF—I\KR—)b
Repair and replacement of furnace
coil insulator

Repair of furnace body

Overhaul of inductor

RIBRHHIRIEE /
JAIVAM ) £ A SR
Various on-site repair services
Coil replacement

Cement repair

FAw1IL - FlalPasEs
Flg1 > 20 25
Spare coil, new manufacture

of spare furnace and spare
inductor

REHR - R D

US4 =2 BsHREOH
Diagnosis of relining timing
of retaining/pouring furnace

RIFEPRRRT—EX

Periodic facility inspection service

BRARUSAZVT TS
Relining work of channel-
type furnace

RIBRDWEEHTIRS

Facility improvement/update
proposal

KB miRsT

Flam  JHFEmAE

Sale of various parts such as
spare parts and consumables

15
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p 3k Reference material

I:I?"; hu 0 0) ,?IE Principle of Induction Heating

‘ [ [RIE  Operating principle

:l’rll/«lka)%ﬁ-(@q:‘f*ﬁﬁﬁE%HjL)\’hj%)c‘: WAL L. BERICERNANE T, INZBHFEEREVVET,

GREERZEFA L. BAaEDRDOVICACIVCRERZR L. XEWRZEINT 5 &I K > THRMBWEH(IC
E&Eﬁb‘%ibiﬂ' CDREBERBICL DY 12— IVATIIRT 2OH0FENH T, IDHBEBEMIIMED A IVISE
BLTWVWBEDICHEEIN, KERIYMEOREITAWNE LR AT ONGELEZA[FRAD I ET,
WP DREIZEDIC TRIVF—ZERE L. WENICRRICNATEL IO SLEEN] - FEEEIRLELET,
FENMCIEBERRT BICHOBMRIFL . RERIEZ LGH 5RO ZBREE TNAT 2FEMAEELHY T,
BRI 2 EAREBITK Y. T&Eﬁ%(%ﬁﬁﬂﬁiﬁ 50/60Hz) & TN EDBERIFLH Y. ARICE > TRIRLE T, Efc
AR ENFRNCHFROBREZMRT 2 LICE D TRATNASIR/IVF—DENEDY | NFREZBRIGEAET S L
DTELY, TOLDICHFEMATIEIMAREZ ——XIIG L. BHIGERTES I EDAREGRRHETT,

Inserting and removing a bar magnet from a spiral conductor changes the magnetic field, causing a current to flow through
the conductor. This is referred to as electromagnetic induction.

By using this phenomenon, and by applying an alternating current to a coil instead of inserting and removing a magnet in
order to produce an alternating magnetic flux, an eddy current is produced in an object to be heated. The heating by Joule
heat attributable to this eddy current loss is called induction heating. In this case, the eddy current is induced in that part of
the object which is adjacent to the coil, and the current intensity is highest on the surface layer and decreases toward the
inside.

The energy can be concentrated on the part of the object to be heated for efficient and quick heating, thereby improving the
productivity and workability.

Induction heating is used for metal melting furnaces, as well as for induction heating equipment for raising the temperature of
an object to a desired level while controlling it.

According to the frequency used, there is the lowfrequency furnace (commercial frequency 50/60Hz) and the highfrequency
furnace, the selection of which depends on the application. Besides the frequency, changing the magnetic field intensity can
vary the charged energy quantity and hence the heating rate.

Thus, induction heating enables the heating conditions to be flexibly changed to suit particular requirements.

FEMBADRER

Operating principle of induction heating

REWR

Alternating magnetic flux

E T
/Elﬁ/?l‘élg :H%:t
Penetration depth /R 88,7010

Eddy current
mEa~Ib
£ Heating coil

Power supply

wAnED
" Object to be heated




‘ [ AH3i& Applications

JBHRIRIE Casting

< AR Melting
B  Holding

N#RERE Forging

. B3 Forging

« FESERLAZ  Roll forming
<3REL FIERIEL  Extrusion
- EJ& Drying

HALIE Heat treatment

< JEAN  Hardening
< BRL  Tempering
< BE75EL  Annealing

¥ & Bonding

B Welding
+ 554t  Brazing
< |[$ATERIF  Soldering

fN#—f% Heating in general

- $7/%& Drying

< TMEMNE  Liquid heating

. JEE|EE  Shrink fitting

« O—)UfN#ER  Roll heating

« NEMZE  Internal heating :
RPE—8, Dvirybe—4, BEREAN
Bore heater, Jacket heater, High-frequency baking

EEINE  Plane heating :

mEAE, vy hTL—he—%, EHEFHES

Heating oven, Jacket plate heater, Electromagnetic cooker

17



EEEMEOFREIE  Principle of Induction Heating
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— A -1 Data-1

o BRERY

TEAEMISEANBORENSAVNEEREL REBICIT IS DONIERBEIHBIITNELTZY KT, Lh’&i‘%)ﬂi’?‘ﬂ%tb‘b\ii
BERDRAENCHITHERBEDOIMBITHD LIERETORALSDREEBRODZERS S MU, FEMBEEF]
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® Current penetration depth

The eddy current is intense on the surface layer of the object to be heated, and attenuates exponentially toward the inside.
This is called the skin effect. The depth from the surface at which the eddy current density is 0.368 times that on the surface
is referred to as current penetration depth d, and is important when using induction heating. Current penetration depth d is
expressed by the following formula. The lower table gives examples of penetration depth d for different materials calculated
by the formula.

d=5.03Vp/uf (cm)

where,

©: Specific resistance of metal (uQ-cm).

For steel, 20 at normal temperature and 128 at 1,000°C.

For copper, 3 at normal temperature and 8 at 450°C.

u: Relative permeability. 1 for nonmagnetic material.

In case of a magnetic material, it changes with the magnetic field intensity. For steel, it is between 20 and 1,000 in heating.

f: Frequency (Hz)

ZEMEDREFE

Current penetration depth of different materials

%44 Condition BARDZBZFES & Current penetration § [cm]

JEE#  Frequency [HZ] | 50 500 1000 3000 10000 20000

el TS, 21°C | 0.64 0.14 0.084 0.042 0.019 0.0025

Carbon steel | Magnetic zone 300°C | 0.86 0.19 0.122 0.058 0.026 0.0035

600°C | 1.30 0.29 0.180 0.090 0.040 0.0054
FERE M 800°C | 7.46 2.37 1.67 0.96 0.53 0.12
Non-magnetic 1250°C | 7.98 2.53 1.79 1.03 0.56 0.13
zone ARRES Melting | 9.00 2.85 2.01 1.16 0.64 0.14
(1550°C)

£ 850°C 1.95 0.62 0.44 0.25 0.14 0.03

Copper AfEES  Melting (1200°C) 3.30 1.04 0.74 0.43 0.23 0.05

B8 (65%) |650°C 2.52 0.79 0.56 0.33 0.18 0.04

Brass, copper |7&f#E; Melting (1000°C) 457 1.44 1.02 0.59 0.32 0.07

7V =L |450°C 2.01 0.64 0.45 0.26 0.14 0.03

Aluminum 7BFEE;  Melting (750°C) 3.70 1.17 0.83 0.48 0.26 0.06
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©® How to select the frequency

In induction heating, the selection of frequency is very important as it considerably affects the heating efficiency and running
cost.

To allow the energy to be efficiently absorbed by an object to be heated, a higher frequency is required for a smaller object,
or a comparatively low frequency for a larger object.

For surface hardening, the object must be cooled immediately after raising the frequency to decrease current penetration
depth & and then shortening the heating time to concentrate the heating part on the surface layer.

Generally, the surface power density is 1 to 5 kW/cm?®. However, if the whole object is to be heated, the frequency must
be lowered to make & 1/3 to 1/7 of the diameter of the object, and the heating time must be comparatively long: a power
density of 0.01 to 1kW/cm? is often used. When heating an entire metal bar, the frequency should be selected so that the
relationship between current penetration depth & (cm) and metal bar radius a (cm) is a/& >2.25.

This frequency is referred to as minimum allowable frequency fc, and is expressed by:

fc =128 p/pa2 (Hz)

The following figure is an example of setting the frequency for heating a steel material by a billet heater.

FEREEER
Frequency selection
100kHz #4474 1,200°CITINEAL 35S
25kHz (FHRIEENEZTRT)
§' I 10kHz When heating steel to 1,200°C
—‘4; /gz 8kHz (red line denotes optimum outer diameter)
[8)
§ (kHz) | I ’ 4kHz
g | I | 3Ktz
w
| | | 2kHz
| | | 1kHz
ey ey
20 40 60 80 100 120 [mm]
FHEIPNE  Material outer diameter
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