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Application of the induction type furnace for HGL

Man-Sik, Lee
Cold Rolling Milt Eng'g Team, Rolling Mill Division
POSCO Engineering & Construction Co., Ltd.

Abstract

This article describes the basic engineering concepts to be considered in the application of an induction heating
furnace in the hot-dip galvanizing line. Experience in the Dongkuk project in Pohang, has shown that this
arrangement has many advantages over the conventional method of using a combustion-gas heated furnace.
Investment and operating costs are lower, the line length is much shorter, line operation is more convenient, air
pollution is reduced, and the coated strip is of top-quality. As these benefits become well known, it is anticipated
that the concept of induction heating will be more widely used in both new and revamped process lines. Induction
heating is suitable for the production of Commercial Quality hot galvanized coils. More research is required to
extend the present concept to the production of higher forming grades such as Drawing, Deep Drawing and Extra
Deep Drawing Quality steels. A combination of induction heating and combustion-gas heating may lead to the way
to the processing of these qualities of strip.
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1. A&

Waw dde gFoldE=ZaoA Zinc Por Ao 44X 5o Strip& Pre-heating &
Annealing 3} Furnace: 3}A] A& (LNG or KeroseneF)E A}£3t<] Burnero] &3 A #7149
{Direct fired) E Radiant tubeo] oJg 7+ 7G4 o] A48 A3 E (Combustion type Non-
oxidizing furnace)7} 2 AFEEH I o}, F4A YW= Waste gas(00, NOx, SOx, etc.)&
s #ATHE KEAE Bt ofver dE &0l RO Furnacerl AR st B AN B
Aol a7 @ 5 3, Line A 9 Arbgel B2 Energyd} th# o] Dummy Coilo] 228 %& ¥

o2 & HTolx Compactdtil Controlo] £o)3ly Ao 43 AV SE7FE 2 (Induction
type furnace)”7} 7§ 5}o] CGL(Continuous Galvanizing Line)®] Galvannealing furnace, ETL(
Electrolytic Tinning Line) 9] Reflow, ¢gL(Color Coating Line)9] Oven T sl€e)so] 483 o
Aol . 28y oA = Fetelg Furnaceo] Induction type furnace L AlzEls Al A3 o
2 Pre-heating8 02 Y= e 7] 483 GAZA DA A Turn-Key Base2 £33
AL Engineeringell o8 #3 FZ4A(F) E&FH 2 HeL(Hot-dip Galvanizing Line)oj =tuj
Hz22 HEdle B FHo g 7155 Strip heating® Induction type furnaceo] tf &t
Engineering concept3} AL AHNE ANzt e},
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2. HGL22| AUHE A7)

2.1 ALY

AnkA 02 A4 Furnace® H 43 SHotd=Febel 2 Ht 200~250me] ¥-AE A8 2
?_Hl]— HGLZ P/O Coil(Pickled and Oiled hot coil}& A2 T &8 Guard rail, Deck-plate, %
Y, 82485 2% Pipe, Steel house frame% 9] HFHatAf o] 145 & g Graded] olAEF %
BE AREE Line22A, AR 244 daldoly A (150m o]uf)o.2 13 Line Q°]°ﬂ
714 & 9L F& Furnace dolo HAzel £xule] FE A AL HEE AHA,
HY A7 FENDEE ADslo] Total line ol & 14502 DEAH 2, KoL Aol 9 TB.’\}"J
& t}e 3 Zr}.(Fig.l Line arrangement W General view %)

- Thickness 1.4 ~ 4.5 mm
- Width : 300 ~ 950 mm
- Coil Weight : Max. 25,000 kgs
- Production Capacity : 150,000 Tons/Year
- Coating Weight : 60 ~ 600 g/m*(Both Side)
Fig.1 Line arrangement
Cooling
Chamber Exit Looper

Entry Looper Mini-Spangle ﬂ
- 7
W ) Exit Section
h , o ) Skin Pass
Nl Induction Strip ¥ Yerer Mill

f"@b“"‘ )
Precleaning Heating Furnace Quench

. Section
Ertry Section

General view of HGL
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2.2 29 Y
Y33 T2ets 9] 98y Furnace®] Heating temperature:= Max.500°C (Normal460 =+ 1

.OCLH%H@MIMmmeW¥wM1&mpﬁﬁﬂ @%%QQ~E%%E.QE§-ﬂﬂAmmmue
gasE 460T & o d ¥ HN¥x(H: content Max.20%) 5 Z33t% Intermediate roll section® Turn
down sectiono] Atmosphere gas®] &L §4]2 A3 Electrical tube heater2 z}z} #2kalg o
B, Furnace®] F2Mu 4L b9 P} (Fig.2 32

- Entry sealing section

- No.1,2 Induction heater

- No.1,2 Inverter panel & transformer

- Water cooling system for induction heater

- Intermediate roll section with electrical tube heater

= Turn down section with electrical tube heater

- Snout with damper

- HNx gas mixing & heating station

- Gas analyzer

Fig.2 Schematic of induction type furnace

Entry Sealing Section

No.1 induction Heater

Intermadiate Roll Section

No.2 Induction Heater

Pyrometer

Turn Down Roil Section

1.245 2,800 1670 2,800 3,845 3.000 Sink
r Roll

15,400

| Dimension - mm|

3. 29 23
3.1 Entry sealing section

1) Engineering concept
- QGL Horizontal type furnace®] Atmosphere gas sealingoll o] -85 = Gate open,
Roll gap open type-oll v&] Atmosphere gas(HNx) consumption #A-3}e} Strip & A Furnace 4

H 2 Oxygen(02) 29 %= L Strip HEEEAL HAE 94 Air pressure pad type9| Sealing
system& 2 &3t (Fig.3 ¥z)
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Fig.3 Control system for the entry sealing

Air Pressure Pad Type

section of the furnace

Sealing Nozzle
Emergency
Damper
- No.1 Induction Heater
O -] .
|
® “® o ®
C> i 3] TG : E
TS T i T
oo i {
O
Gas Analyzer
N, Purge = £ss IRS
——— TDS
Sealing Pressure GHS
Blower . Transmitter
o
Damper
Actuator ESS : Entry Sealing Section

IRS : Intermediate Roll Section
TOS : Turn Down Section

2) Application Result
- Sealing blower:= 2% &4 Pressure

GHS : Gas Heating Station

transmitter2) Feed back control systeme]| <}3l

#A 50, Air pressure pad® AF A (Point @.®) Nozzle®l 948 & ¢ Settingdly 2ty
+2.0~5.0mmAq7} B EH A, Point ©clM ) 0 Y% Stripzzd(Edge & center wave)ol uhet

&7 A SH(FF 0.2~0.5% )7tA HEHA2Y

ol2 Q1% ZAEAE WA AU

- Atmosphere gas(HNx) consumption©] S A} Combustion type furnace2] A7 tiy]

1/3 223292 2 Running cost SdolM £330

Table 1 Atmosphere gas sealing type WA

+ B Gate open type Roll gap open type | Air pressure pad type

Atmosphere gas

. * * k * K %k
consumpt ion

Strip £a&4 9

Aba * k K * * %k

2 0 "4 * * % * Kk

Ad )8 * %k * % * %
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3.2 Induction heater
1) Engineering concept

- Induction heater®] A eAl mejstodol & H& AA FH459 HAF Induction heater
o] Power & Ab4 3t Zlo|ch.
7b) Fuge] My

Induction heater®] A4} W A& = Skin Effect®™ B Edge Effect*29} fFHsle] F
Hol A4S Strip] Heat uniformityo] & d3& F& Alola, Frigo o8 438
Penetration depth& Strip thickness®} @ 3}o] Heating condition® & & Power efficiencydll &
g, '

F1) Skin Effect

Power e} 85% ©]’do] Surface Layere] ZF o] Stripe EdA} 49 527t
WA 5=, o] & Penetration depthgt i &tm ozl 4o o8 A€t
d —

= [ pl{m-p- - puv-f)Jue .. ... (1)
Where, p Electrical resistivity of metal
u Reative permeability of metal
pv : Magnetic permeability of vacuum
f Frequency of alternating current
d Depth of penetration
$2) £dge Effect

Electromagnetic field distortion© 2 1%t Strip edge®} centerfojjre] &%
!
1}) Heating capacity

Q:p‘m'dt'ﬂ

....... (2)
Where, o : Specific heat
m : Mass for heating
4t : Temperature difference
n : Efficiency
Q

: Heating capacity

- Heating power control& Pyrometer feed back signalel]l €%+ Inverter control system
A&lon,

- Inverter paneleolA] A&} 3223} (The higher frequency current harmonics):s &%
B3, AF N71F 23 4 8 ASAY o] ABZ °o]§ HA3stn i & (Power factor)
4e 9ol

L} BE

7}) 12-Pulses %4 ¢} Inverter panel2 T4

W) 3@ Transformer(23}% Y-4 type) A&, EQH 22 A3t Filteringo)
7} 5% System 2 FA &gt (Fig.4 &%)
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Fig.4 Power system for induction heating
No.| Heater

gl | S

Y
3@60 P
4

22,800/440V
Transformer No.2 Heater

2) Application Result
- Induction strip heater® F34+5 6 kHzZ M A8 o, Skin effect U Edge
effecto]] 28] Strip edge¥ 7} Center®t} 5 ~ 10T A5 EHE o2 ZHFHJAO Y oldETF
o] Cooling curve P4 Zdo)M FatA 2 8ste] Y3 Sizeo] Spangleo] FPHYL, EF=%
B9} R aHA (Adherence)fiéo] 4 EFF O}
)3 : No.2 Induction heater ¥ oA Strip edgei o] %7 2F30~40T
ALerEle Aog A5 o}, Turn down section, Snout, Zinc pot
W Air knifed FHauA Strip ¥ AHGl o8 £F A%
Strip% Edge®-7} Center®c} 5~10CE S Aoz & HA).
#)4: 558 AFS FAAYTest 43 Furnace Aol A EFHAY
{QB] (Degreasing & Pickling equipment)i= Furnace9] ZQAZ7 (53]
Atmosphere gas®] M content & Strip temperature) ¥ YR AF
HA7E 9= 2ol FAso} =UDatac) 93 T &3t 2P AA

- Induction heater2] F 3% ¥ Penetration depth®] G 7| EAE 1.4 ~ 4.5tF
1.0t7b2] Heating 7bg3sl@oth, 1.0t o] 8+¢] Gaugeol 4 3= Eddy current AF¢f &&o2 <l
227 L5714 Heating® x| gkatet.

- Induction strip heater®] Capacity:s FEL&(7 )& 85%% Ledsted |,750kWx 2SetsZ
A (No.l ; 35C — 275C 4t 240, No.2 ; 275C — S00TC 4tz 225C)3tgley, Aa&& 73
~ 93%(Average 83%)2 #l¥glon

- Induction heating 4% & 47192 A& Stripe] Heat buckled 3L
u}, Furnace 7t Unit tension 1.0 kg/mr o] 8ol A& whA¥sl=] @dokot.

- Induction strip heaterojA] WA= FEMFo &S HA3s7] $8ko Strip
heater A% Furnace casing®] X5 Zal& Stainless steel & AME3 2, Strip?}t HEFHH<E
Hearth roli @ Turn down roll% 9] Bearing casing #¥#o] W& AdA(G]

casing® At FEMF FFS LA A

ass fiber)Z Furnace

- 1397k AZFA 717+%F Furnace WH o] Al 9 Stripd Aw3tA ¢k Free
tension Aol A Furnace A ¥ GateZ Closedto] X ¢ Atmosphere gas U Powerd I 3HA]
o} 31 Furnace® A W3t ¥, Line A7}5 o) Yo 29U Z7 (Aumosphere gase] Dew points) Fr
£ 9% Furnace®] Heat Up AJZH& oF 12417 A Q¥ glon 20~30% 7k Dumny coil & FHe § A
I A4 7bsEtA k. (Dummy CoilARE-3F ¢ 1.2t X360wx 20 m/min 715 A] 1.4~2.0 ton)
olgl & AFAE= 71EWA S A4 F Furnaceo] w8 Farde] wE ATFA & AES 44
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e dar, A% Dummy coil & HAFAEZ o AAk
SAA (Flexibility) &5o] 5822 £ 4 98 A
* 43 Furnace?} 9% LineofA ¥ <

zx& g},

2] (Maintenance)% A 7] %<l A2 F=A

%
Line speed downol} 2}ét zhAal & /}FGP L} Shut down§ A 7bFAl GAAE S 93]
Q ¥ 1

B2 Al 7bel thigol Dummy coilo] A
ek O} LA]' -

= 5 o2 sl Z& Line stopd 377}

View of coating section

B (c1
(Hot D:p Galvamzmg Line)

3.3 Atmosphere Gas Control
!} Engineering Concept
- Hearth roltd Turn down roll sectionol¥ Strip 2 =X A 4 Atmosphere gas©)

2 & $18l Thyristor controlled electric heating system& # &8}1

- Atmosphere gast Gas mixing station®] Thyristor controlled electric heating
systemoll 9|3 450~460C 2 ol ¥ Hot gas® FFslgon,

- 2uUed gAEHE 0. & AAS7] Y& Glow heater A} &3t t}.

2) Application Result
- Analysis data of atmosphere gas in furnace

9 Entry sealing Intermediate Turn down Gas mixing
T . . . .
section roll section section station
0.2~0.5%
0z Content - - -

(EHHW S %)
Temperature 200 ~ 250TC 300 ~ 350C 450 ~ 460T 450 ~ 460C

Dew point -5 ~ 9T -16 ~ -25T -28 ~ -32TC -33 ~ -371TC

- Atmosphere gasg N 100%= Testsl o} =3ube) 7t w39 2, HNx Gas: He
content 15~18 % oA =& o] A},
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4. &

Induction type furnace¥ Aol =27 ¢ (Hot GI) A4 Lineo] g2l Aw] F2y], Line
do) el Compact}, AlE ¥ (Commercial Quality), ¢ €9 9 xR0 VY T FHAA
5% o] Ao FFeo| AMLined F& Ae - Hgo] oA,

Full hard coil®& QA EE Curie point(Carbon contentol] uw}e} W&o UHtA o2 720T )4
7} 3t dAelE stojof 3= DQ(Drawing Quality), DDQ(Deep Drawing Quality),EDDQ(Extra
Deep Drawing Quality)% chefdt FFEE A7) $8F Induction typed} Combustion typed] &
@ # & Furnaceo] s} ASAY A7 7€
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