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Innovative

Additional Benefits — Additional Years of Service Life
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DHF's S&F (Sprayed and Fused) lining - Synergy
of unique thermal spraying and heat-treatment
technologies
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It is the unique process combining thermal spraying with
high frequency induction heating to form the lining with
excellent wear and corrosion resistances.

Specifically, it is quite effective to improve service life of . N
boiler tubes used at waste to energy (WIE) incinerators, A KB (RIVOBHELSR

which operate at high temperature and under severe Thermal spraying on a tube panel of the water wall
condition.
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And the DHF's S&F lining is made of Ni-Cr rich alloy, so that
it has an excellent resistance against corrosive gases such
as hydrochloric and sulfuric acids.
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Its excellent performance has been fully proved by
the actual applications to facilities so that we are A KEE)(RVBHBROSERMIFNTIEE
fully convinced to satisfy customers by meeting Bending a tube panel of the water wall with the
their requirements. lining at a high frequency heating process
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DHF's S&F lining - Expanding to the world market
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Since DHF started commercial production of the lining to introduce to the markets in Japan and Taiwan in 2002,
demand for the lining has been steadily increasing mainly in the field of the WtE incinerators.

As a result, the market share of the lining in the field of the boiler tube application has been increasing due to its
longer service life and more competitive price than the conventional lining made of the Inconel alloy deposit
formed by welding method.
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DHF's S&F lining - Increasing its market share in the field of application to boiler tubes at WtE incinerators in Taiwan




Innavative Reliable

Additional Benefits — Additional Years of Service Life
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DHF's S&F lining - High reliability and long lifetime
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The lining is made by fusing (melting) the layer formed on
the surface of the base (boiler tube) material by thermal
spraying self-fluxing alloy, which results in diffusion bonding
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between the lining and the base material. Therefore, its
bonding strength is so high that it secures no spalling of the
lining from the base material.

Furthermore, the fusing process ensures the dense lining by
eliminating pinhole-like defects which might entirely
penetrate the lining from its top surface to the bottom
interface with the base material. Therefore the lining
performs excellent corrosion resistance.
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The thermal expansion coefficient of the lining is higher than
the boiler tube material's so that compressive stress is
always loaded on the lining during the usage at high
temperature. Therefore, the fatigue breakdown of the lining,
which might be caused by repeated tensile stress originated
by cyclic temperature changes during the usage, never
occurs.
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Thermal conductivity of the lining is comparable with the
Inconel 625 alloy, which is used as a conventional material
to overlay on the boiler tube.

But the lining's heat transfer coefficient is much higher than
the Inconel 625 alloy because of its thin thickness, which
results in higher heat transfer capacity of the boiler tubes
compared with the Inconel 625 alloy.
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Boiler tubes with the lining at the WIE incinerator
(Incineration capacity; 450 tons/day) after 3 years
running.

The lining surfaces of the tubes shows smooth and
metallic luster demonstrating no corrosion of them.
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Micro structure of the lining. Hard CrB and CrC
particles are uniformly precipitated and dispersed in
the matrix of Ni-Cr alloy.
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The fusing process requires shorter heating time and lower maximum temperature than those of the welding-
overlay method so that the heating effect to the mechanical strength of the base material can be minimized.




Additional Benefits — Additional Years of Service Life
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DHF's S&F lining-Further Advantages
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Furthermore, DHF is able to supply the high quality bent
pipes and panels coated with the lining fabricated by the
unique and proprietary steel pipe bending process, which

employs DHF's induction heating technology.
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As a result, DHF is able to prepare a wide variety of the
products, such as straight/bent tubes, straight/bent tube-
panels, and super heater pipes ensuring to fully meet the
customers' requests and requirements.
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Also, the lining is flexible about thickness so that it can be
optimized to maximize its performance according to

customer's application.
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The lining has excellent wear and corrosion resistance.

A BE/\RIVOBEAKRIT21—IVT

Fusing a straight tube panel by the high frequency
induction heating
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Bent tube panels processed by the high frequency
induction heating and bending

© Characteristics Comparison

HVOF&&t APy ER DHF&4t

HVOF coating Weld Overlay DHF
RV E Ni—Cr A>aR)LB25 NiBBaEa=
coating material inconel 625 Ni-Cr-Fe
AL ::40) =] 7L
dilution with substrate no yes (Fe:10-20%) no
RIRE ~
aIIow?;bIe thickness 0.25mm >2mm 0.3~3mm
A IFELN AL
adverse effect on thermal transter minor notable minor
BICKDE PEL PIELY
tube distortion by thermal stress minor notable minor
(=43 BL B\ B\
corrosion resistance good good good
M EEFE 1% Eil==kals) fEd D BL)
erosion resistance medium medium good
)
bonding strength 70Mpa 450Mpa 400Mpa
FZBERES (HRC)
coating hardness(HRc) 45 <40 >55
REMKAR RiF BV R{F
surface condition even uneven even
REDFE 5% D PR B5
thickness monitoring easy grind necessary easy
Fm EECTo1 ]\ )
peeling off possible impossible impossible
N BEARRDOF S BEREOFS
cost $/2 $ $/2




Additional Benefits — Additional Years of Service Life
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DHF's S&F lining-Verification example
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Erosion resistance of the super heater in the fluid bed type
coal firing boiler improved remarkably after introducing the
lining pipes in Japan in 1993.
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The lining product used as boiler tube panels at the WiE
incinerator in Taiwan, which generates extremely corrosive
combustion gases, showed excellent corrosion resistance.
Specifically, it demonstrates the lining's incomparable
performance. Because the concentration of corrosive
combustion gases generated at the WIE incinerator in
Taiwan are extremely high due to burning both public
garbage and industrial waste simutaneously.
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The both boiler tubes with and without the lining
after 3 years of usage at the Taiwanese WiE

The lining boiler tubes of the WE super heater around soot incinerator.

blower, where corrosion and erosion are extremely severe The tubes without the lining show severe worn-out
due to turbulent flow of combustion gas, shows almost no due to chloride corrosion, however the tubes with
abrasion the lining remain intact.

© Corrosion Resistance

HENEHERM Shu-Lin plant
ELEENESOLCHBENFT, MERDRIESNEL. |, N
BHEICTY KIS RKIRBDOEHEMRENS EALIR.E (MW NEEE)
BICKDREDROSN T BXRLDEVFHEIZIEE. EICENM €30
SENEBIIFELUL. 8.0
Excellent corrosion resistance él.o A B & &
The lining's excellent corrosion resistance has been also EOO i = 5 =

proved at the WEE incinerator which burns garbage including 2002 2003 2004 2005 2006 2007 2008
industrial waste. A BBO2TSYNT. DHFBRNIA S — BRI

As shown in the right figure, no loss of the lining thickness MEERTE,
was confirmed at the follow-up inspections after introduction. - . . . .

. o Eliminate corrosion of boiler tubes by introducing
The customer highly evaluated the lining's performance, DHF panels in two plants in Taiwan.

which convinced enough to secure additional introductions.




Additional Benefits — Additional Years of Service Life
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DHF's S&F lining - Additional merits DHF
3 =1 . installation
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The heat exchange efficiency of the boiler tube with the g AT L s
lining is much higher than those of Inconel alloy layer £ % e e P
deposited with welding. Because the lining thickness is & ' “n E
much lower, and its surface is smoother, and cleaner than E_, w2 ey ek
the Inconel's due to no corrosion. DO e e T
=]

As a result, corrosion of the super heater tube can be

. . . 500
constrained due to lowering combustion gas temperature. R

PR R 1
N P i i g g

year/month

=D 9(c Ly ) 7 PRI o= E A RAS—IRIEZ DKEE) (R)LD245m 72 DHF a4
B DL BRICLOTEEDCH AR DEIRRIE TEHE (EAASHBILE) (=)L CEEL e & T O

BAENET, RIREDE _LFER
EMAS—DIMREDKE) ()L 245m=7= DHF&S (874 ;:improvem:nt of the heat exchange rate at the
PoY ° - =S 4 o

Dﬁmg)f \“:‘Z{IJ(LE\::\:_,%Z'R%E%_‘ A=) \:,l_;_g_lb WIE station which resulted from replacing a 245m?
OZBDRGEH EREDEZEL. MM S—DKETEEDHET section of the original water wall panel in the
UiIgW e, EULESRERH [ ELELT, primary boiler chamber with the lining ones.

It is proven in the right figure which shows the operation
results of the WIE incinerator in Taiwan.

Because gas temperature at the super heater entrance
dropped without dropping the steam temperature after
replacing the section of a 245 m? of the water wall panel in
the primary boiler chamber with the lining, the heat
exchange efficiency improved remarkably.

il DHFBa517Z CHRHFICEA LT ROREMR T
TECDRIC, 976.2X6000mMMODKREDELDHRFAZERLE T,
B2 16FBEALREON 5L IANZHE T HEFRIRZERT DL TRBEVRDDDEMETEXT,
(RZER(E0.8mm&E L. REREFREZ0.05mm/FEREL THEH)

DHF's S&F lining - Benefit estimation of introducing the lining into the W1E incinerator

A comparison of the total running cost of each 76.2 dia. x 6000 mm long tube unit with and without the lining
shows in the bellow table.

It compares the total running cost of each 16 year-operation. It is evaluates under the condition that the lining
thickness is 0.8 mm, and its abrasion rate is 0.05 mm/a year.

Substantial cost reduction can be achieved by introducing the lining.

RAS—EHmEHR 2F 4 B4
Tubes in different lifetime in the boiler 2 years 4 years 6 years
Rt 1 BF COIREEL
C,Ii%ﬁngs'ted Replacemenﬁrequency in 16 years 8 4 2.8
h—5 LHERFE 4480R)L 2240R)b 1460K)L
Total maintenance cost in 16 years (USD) 4480% 2240% 1460%
[RRRFF o 164
Lifetime of coating 16 years
DHF&5¢
1 BEFEDIIZELE 1300R)L
Total Investment in 16 years (USD) 1300$
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Induction Heating(IH) Shrinker for Boiler Extubation

SEARMEHERE
High Frequency Induction Heating Tube Shrinker

KD —R RO KE - fEERA S0 AR, BKBFOEFICHEICKDIMOMITENIcF 21— T DitEIREE
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(CYERHRE T

DHF, gained the reputation as the IH technology pioneer, developed a unique equipment, called "the IH tube shrinker",
which revolutionary improves the extubating operation of both water-and fire-tube boilers, heat exchangers, and water
condensers, in which tubes are joined to the holes of the end plate mechanically.
By introducing the IH tube shrinker, the extubating work requires no burner flame
to heat which results in tremendous improvement of working environment as well
as work efficiency.

@ 158 Features

BEMAICKDERBICF1—TZ2FRT 54, (EERHE
HARIEICIEREENET

It requires a very short time to heat by the IH shrinker so
that working hours are substantially reduced.

EFLICEDIETE o XNEFLDONIE PIRIFDERDTAL
BOFE A

It causes neither damage nor shrinkage of the end plate
holes as well as no distortion of the body barrel.

HaZ ERUE W HIRRE CDERRDEREDSHDE L Ao

There is no risk to expose workers to the oxygen
deficiency atmosphere in the small work space by using
burner flame.

MBS CBIRMENEDI T OT. AFEEDNFETT,

High consistent working quality is secured with any
average skilled operators.

PR - BRSIEL BB S - MEDRENFL. JU—-UTY,

Relatively clean working environment is secured due to
neither hot exhaust gas nor blowing dust caused by using
burner flame.

@ thEEDFEE Mechanism of extubation by heating and relaxation method

Fa1—TJ%ZH1000CICMBAT DL 1%RREEABIRLE T UH U, Fa—THRIIERDARICKDHRENTLDT
OERHE T CD 1 %D REITERFALE T Fa—TEEDERICTNDE. Fa—TNMREID 1 %A EIFUNFEEN.
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In general, tube expands its size when it is heated to about KB\ RILOSEROBEF R EREARILE

1000 degrees C. Spraying and induction fusing of the water wall panel
And the tube outside diameter contacted with the plate E3
hole surface area can not expand due to being tied down
with the plate hole so that such area yields by the
compression force to result in plastic deformation. And
after the tube is cooled down to the room temperature, it
shrinks its size by 1% from the original size which causes a
gap between the tube outer and the end plate hole
diameters to result in relaxation of them.

DHFAS RhTEH
DHF's On — site Thermal Spraying Job Service

BRaEBRHERRIRTIA—IV T
Self-fluxing alloy thermal spraying and IH fusing

i

AT RERARNE
Thermal spraying IH fusing
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Thermal Sprayed Roll

[O—Xvh@di0—Ib] Cermet sprayed roll
Wi Tld “BEDHVORBS Y (BETL— LBSAY) ZREL. — (Lo o RIERY — Xy NS AT
RUTHOET.

RRICHUICEEERERD OIEE T, MERE - Ay TRHLEAFICLLERESNTEDET,
IREAHOIRERIR(E. AR 1500, EES5000KgE O THOET

DHF has two types of HVOF (High Velocity Oxy-Fuel) thermal spray (the high-speed flame spraying gun) system to
form various carbide type cermets coatings to meet customer's requirement.
DHF can supply the roll, of which surface roughness is adjusted to the best use for appolications, as well as wear

resistance, and so on.
Size capacity of roll to be processed: Max. dia. 1500 mm, Max. weight:5000Kg.

%rn':ﬁd% DHF-W 1200 DHF-W 1700 DHS-W250 DHS-HT2500
Rk WC-Co WC-Co WC-NiCr cr3ca-NiCr
Coating
N =t
Sp’r‘:)%jrﬁ’tﬁod HVOF HVOF HVOF HVOF
e (HVO.3) _ _ _
Hardness 1000~1400 800~1000 1000~1100 800~1000
FLZE (%)
Porosity <0.5 <05 <0.5 <0.5
ZEsaE (kgf/mm?)
Adhesion strength >8 >8 >8 >8
EEIRMRE(10-6/T)
Coefficient of thermal 7~8.5 7~8.5 8~9 8~9
expansion
fEFARSFUEE (T)
Max use temperature 550 550 700 850
By B TEEREE plie Fraia
characteristies Anti Heavy Wear Anti Wear Anti Wear & Corrosion | Anti Wear & Corrosion

HVOF spray Process

As sprayed
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BRaEAHE =y TPV ERS LU, RIS T BHRICHERRME (T1—YVD) Zitd &
T MFR>FBERMIESL. BEMEOFAEICBVTHGEBDEMSINE T,

Z D) BEFLIFELED. B EDRBEEHBEE DT,

ST AHEROFRRMUE (T71—IV D) CBVLWCEEMAZHAT DI E T REULAENAIRELED. R M
RKHg—ELDET,

Fle. BRUBNBZICITA DD MR T 21— IV IH RS AN ORIEBAIREE IO T,

RAFATRECIR L RAREP750mm (RIENX—R) .EEBSF VT EEDE T,

Self-fluxing alloy coated roll

Ni or Co-base self-fluxing alloy is the hardfacing material, having low melting temp, which has corrosion and wear
resistance. In case of applying it in the form of powder, it has two processes, thermal spraying and fusing. By fusing
as-sprayed coating, more pinhole or defect free and dense coating layer is formed as well as strong bonding with blank
material due to alloying at the interface between them by fusion process. DHF developed own fusing process, which
uses high frequency induction heating instead of gas flame as heating source, and realizes a high uniform and
consistent quality coating. Also, it becomes possible to process a high melting temp. Production size capacity: Max.
dia. 750, Max. weight:5000Kg

%EE SW1600 SW1618 SW1641 SCW180 SCW200 SHW350
allcf}{{‘)}gse ZwT)LE  nickel JJVJURE  cobalt Wcﬁgk:e‘l‘;\g“’g
%) SFNi448% =Mo So0—L4 SFCotE= aw SFWC21834
chemical composition JIS SFNi4 High Mo High Cr JIS SFCo High W JIS SFWC2
B JU—LA TU—LF5AX | =L, TS5 JL—LAL TJU—LA JU—LT5AX
spray method Flame Flame, Plasma Flame, Plasma Flame Flame Flame, Plasma
s | 700800 | 700800 | 500600 | 600-700 | 800-900 | 900-1000
=7 WE-MEE | BSme | BWE e e - HEEEE it
characteristics Anti Corrosion & Wear | Anti Heavy Corrosion | Anti Heavy Corrosion | Anti Corrosion | Anti Corrosion & Wear | Anti Heavy Wear

BiAaa a8 OMEFEELLE
Comparative result of antiwear test

PEE U SRR

Woar lest by
v Nistvhara methad
o M 150k
5 o7 P |
=~ B | B 0N
- g 2 I

SUJ-2 HreB0 Roll
H® L= LEF Flame spray e 1

DHF Self-Fluxing Alloy Coated

Flasma spray

Plasma spray IH fusing




EEESE DML
Bimetal Pipe “DML.”

ERESEDMLIE. HENEICEMER MBS ZIES S U EBESGE CI . BLVEENZRA . MITO—
JaVFHELDBERLECKIDERBOMRIR. RN IEROREWEREENFVFHEZRZ(TTVE T,
BRN AR Rk CHFEREEDRIN, BRI AL TP — MREEDREICERAEINTVET,

DML is the steel base pipe, of which inner surface is coated with a high wear and corrosion resistance Ni-base alloy
layer, which is strongly bonded with the back steel resulted from diffusion bonding. And due to its high bonding
strength between the lining and the back steel compared with those made by conventional coating methods, there is
no concern about cracking or peeling off due to mechanical impact or vibration.

It is widely used for piping at pneumatic converying systems of fly ash, pulverized coal, pellets, catalysis, etc. in
electric power, petrochemical, and steel industries as well as incineration stations.

SW1600 SHW350
0.2mm
EE i
GEE [
lining layer Sragk. 25
S

diffusion layer

BE
base pipe
EEESEDMLORE DMLEER sEE
Features of DML DML's size specification
z \ = LA AEEDET RABRE3MmM (FE#1.5mm)

OILfEA I SDBENR. WBOTREED DL O By
OFEICKDEEEDEHDETETHE A THAR

(BARBMMEXTHRE Diameter. 40A~300A
OERDEMDARE ICLERNZI CERE JATHE o5mmIUT

Wall thickness <25 mm

@®High bonding strength and no peeling off of the gffﬁﬁ;ﬂtzé; sch40~sch160

lining due to diffusion bonding.

i ini i i ATV ARME -

0W|d.e range o_f th.e lining thickness to ensure its AR sch20~sch160

optimum application. Jr—— 2000mmELE

(The maximum lining thickness:3mm). Length“ <3,0000 mm
@Competitive price compared with the conventional B85 (NV/R) BIFR ADRLL ({44 5DR)

bimetal or non-metal inner coated pipes. Bending R (Radius) | >4D(Regular4.5D)* *D ; diameter

L EREESNC DOV TIFRIERSHBEVE T,

In case of exceeding the above specification limits, please let
us know.
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What's Thermal Spray !?.

SR B INFRZ AV TERD UK FFERIAEL L. CNSZUD D NEBM ORECIRE[F T DETHFH
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[CEDD (T UH—3R) « CNUANDEBENEL THRRENEERILEICKDEENPRFEESH (TOrFILD—Ib
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It is one of the surface processing methods to form a coating layer of various kinds of materials onto the substrate
(base material) by spraying its droplets, which are fully or partially melted by going through a high temperature flame
generated from one of energy sources.

By deforming and shrinking after colliding with and freezing on the patterned indented surface of the substrate, the
sprayed droplets can adhere and pile-up on the substrate to form a coating layer by the force generated by so called
as, "the anchor effect".

In addition to the above, some types of bonding forces
between the coating and substrate are thought to exist, such
as the force originated by the solid phase diffusion between

-?Iﬂ-ET:

them, the attractive force among atoms (Van der Waals force).
And in case of some applications, the fusion process, which e R ST
melts the sprayed coating, follows in order to improve the AN

coating quality by removing defects such as, pinholes, voids,
oxides, non metallic compounds, and so on.

REEAEMALIE -+ 1?
What's High Frequency Induction Heating !?.

B 1 DRRICKAHAZ I )LDORICAN BROZE(EHEE DERICKAWAZ L TS B D EIAIVICEEEERDTRND.
CDKRIFRRZBRIAEEIT S,
COIAIVDRICERBDIFREEEFRZFEAL. R2DRRICOAIVICTRETFZE R I ERIREICINU R DE b (&R
R)DREEL. COMRHNEBFZEEL. FEER CAER) HiiNd. COFEEREGEFRDENICKIDI 1—)LF#
HEEUVEEBFRDHERT D COKRIEMEZFEMEAENLTND,
C OB WRERIFEHRDOREICERL THRN. RENTERHEHNICHRU TVKEDISNTVD, COFEE
MOREDERDO.368EICHN T DRI TDRS ZERRBERS EHU COERRDRICKDKDDEDHFKD
EENTVD
BRIERSO(cm)=5.03x(p/u-F)1/2

P HANEA DEHR(1Q - cm)

ARANEAD D LR

T BRI (Hz)

As shown in the Fig.1, the induced electric current flows through the coil in case of putting a permanent magnet into
the coil and letting it go up and down to change its magnetic flux. Such a phenomenon is called electromagnetic
induction.
On the other hand, as shown in the Fig. 2, the induced electric current (called eddy current) also flows within the rod,
which has electric conductivity like metal, in case of flowing alternating current through the coil, which generates and
change the magnetic flux periodically (called alternating magnetic flux), which penetrates the rod, according to its
frequency.
This eddy current generates Jules heat due to the electric resistance of the rod (conductor), which results in the
heating up its own rod. This kind of heating method is called induction heating.
The alternating current tends to flow mainly on the surface of the FEER
conductor, and its intensity attenuates exponentially with the IR fisR  Induction current
Magpnetic flux Magnetic flux
depth from the surface of the rod (conductor). EEET = ‘ 1L
The depth, at which the alternating eddy current flow decreases Induction current
to 36.8 % of those of the surface, is called as the electric current i
penetrating depth, and which can be calculated by using the
following equation.
Electric current penetrating depth & (cm)=5.03x(p /p *f)1/2
p : Electric resistivity of heating workpiece (p Q *cm) *Gﬁfﬁ?r 8
u : Relative magnetic permeability of heating workpiece alvanometer
f : Frequency (Hz) l
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DAI-ICHI HIGH FREQUENCY CO., LTD.

E:S #H FRBPREBABFR1-6-2 SFHFE—LJL TELO3-5649-3725 (f£) T103-0002
HEAD YOSHINO DAIICHI BLDG,6-2, 1-CHOME,NIHONBASHI-BAKURO-CHO,CHUO-KU,TOKYO,
OFFICE T103-0002,JAPAN

PHONE : 81-3-5649-3725 FAX : 81-3-5649-3726

N 2 % i )IEDIIIEXEET2-8-3 TEL044-288-4221 (f£) T210-0821
KAWASAKI 8-3,2-CHOME, TONO-MACHI,KAWASAKI-KU,KAWASAKI, T 210-0821,JAPAN
SALES DEP. PHONE : 81-44-288-4221 FAX @ 81-44-277-8237

dtAMEEMR JthNm EEXEMBIO-6  TEL093-642-7001 (f£) T806-0001
KITA-KYUSHU  9-6, TSUKIJI,YAWATA-NISHI-KU KITA-KYUSHU, T 806-0001,JAPAN
SALES DEP. PHONE : 81-93-642-7001 FAX @ 81-93-642-3265
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