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Synopsis

This review describes :

1) the new burner system, a regenerative burner system for a forging furnace which has replaced the conventional burner system

since 1996, and reduced energy consumption,

2) newly developed process for a fine grain-used recrystallization (static and dynamic recrystallization of austinite),
3) unique equipment removing defects named “HEG (Hot Ecological Grinder)”,
4) improved process modelling on INCONEL alloy 718 using FE analysis,

(microstructural prediction system) for free forging,
and

5) installation of an 70 MN open die forging press which will meet the needs for higher product quality and higher performance.
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Fig.1. Regenerative burner system.

B, BRI BN — F I A S NBRIT AL
F—2RIEZER L LCHINEEL VAT LTHD .

2. 2 U zxN—FTDHE

)Y AN—FIE, BIRTFEZESREEIT) VAT A
ThY), kDL F L —% &l L CRNEZ 2o}
RO EASER SN TWA. Fig.2 12 60 t DM 7E
WL THIED S 1220 CIZHB L 7288 DOm0
BEOLEZRT. {EROLF 2RV =¥ VAT L0
L, VAL =74 7N—=F T A7 L8R, ML
(FPELZ2GBER) 5K 4 45, HEA A B 60 %I S
M, BERANIIGRDS L OFEHEMIIKIEICHEIN TS,
) Y x AN — AR O ERRME O BT E D 40 %
PLEDB I AN F—DER SN,

2. 3 U 1xN—=FIRTFLOREES]

1996 4E3 12 ¥ = A /N—F T A7 A %8 A LTLLE,
XFXTAMEEAIIEEL, TNEHMEIHEEL 2275
FrEEAZERLTBY, 20064F3 FICIE7HEEHOEA
METLTWAh,
() FBEBEOHET W B LA V7 F v A E

L TIGOHIEIMBUIATIE, FBLE ML TV 572012
ZOEY (FRALIER; IL4F, RIS, A7 —Ve &) 2%
HFEL (T IFE—N) OMICHERE L THE ) 25
ZoTLEY). HREPHEI N ZRITL, BB
BORTICL A2 BMOIRER X O AWE [ TIC X
LEEA OIS EL L, 22C, [Z7OTDINV (1~
N—=5) ALl & [Z=&iie - BiEmo) I v MHE] %

System Regenerative burner Recuperator
Loss: Lise
Material FxhaUthgaq Material Exhaust gas
28. 1% e tw || 18.9% 41. 4%
balance
134% 109%
259 GJ \ 308 GJ
) \Preheating Preheating
100% air 34% 100% air 9%
193 GJ 283 GJ
Energy consumption 78.2 114. 3
rate (litter/ton)
Waste heat 68.0 17.7
recovery (%)

Fig.2. Effect of regeneburner (heat balance diagram).
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Fig.3. Selection of blower.

BT > ol O B B S 12 B D & Bl sk 57

9554 7ML 0HEAT A (Max200 C) i
FANTE Y FAMEEIT A 720, BAMIZE )Ty R
LS AEBIA BAHE S E L7z, F 72, AU
RV OB - BHOBEL, O Y — VIEEIZ X
HEBBOMMIRERE (2250C) ZED M T TR
WEBE L 72, 2 2°C, 2 5P, HEA AHEEEEPH 2 [H
SRR ASEE Y L e W ihalins 7 1 A 7 Fp a2 SR L BLVEAT IS
L AMEELZOE R 7. BT 1 A7 T — LIS
SUS3I6 DY ¥ 7= flifi L7z 2 A, EPicgTns
TEROAE T & VB LEMERE B4 Lo T, BfE
&, b7 7u vy — b)) s (8250 C) 128)%
Z, NITTWVIEEN L7 (Fig.5).

First stvle New style
1
] ] Hopper
: Media |
i 3 |
] { O 1
1 1
1 1
: i
Burner !
JES IR ]

/

1
1
|
1
1
1
1
1
Regenerator
|
1
1
1
1
1
1

o O
Fig.4. The way of media changing.
[First style] [New stvle]

Exhaust
gas

Using
Teflon ring
heat-resistant

Exhaust gas

=
_g _-_-_-‘IT‘I:_-:_ l (;ESOQC)
=1 ] )
2 |1 Ij-%-g:]ﬁ DDEF
= i Exhaust gas
Z ] 1’ g
z L8 l S
= R Disk
i T | Exhaust
E 5 gas
=

Fig.5. Exhaust gas valve.



58 EAEN H80% 15 2009 4E

2. 4 SEOREMR
WEI0FEBTTHDY) V2 A N—F T AT L EEA
LT&2Z&i2& Y, WEMEHE DRI DT
EBYOFIEPELNL TS, — A YT F v AMIZD
WTHHA DYHEEIT o722 LX) 97 ) ZE RN
MREE > TEXTBY, WETE, Bt xrT7F v
A% Fe A R 728 L INEIE T8 S — )V EE & %S L
MEEEFTWD (Fige)., F72, #Fi-la e LTk
B (PELZEENM) L EE (BT AWG]) 251 HEDN—
F CRIFHCERTTRET, "B DONANR—= 2T
EBEN 7)Y AN—F AT ARMEY A T T
D TNIMBURIREEA L, —EDOREFELNTE
D, GHROERSEEFEING.

3. KBRS DB ML H

VEAE, 7 (N) SUS304N2 7 &KL §8 & 5 o0 0 T AF
DIFFEIZ BT, TGS OREI X 2 MR b2 G L7
EWARAS Sy ek i AV DA < || A | ROV A SN N B YA
B A IG5 72O ORI S — B e e & ST
WA, BEXEO, ETE (ER) 2HNSELLH
WD E UL A2 FH LAY (Fig7). Bk
TS E N, ARV IE T O R S % R
Y MERE 1 e— FANORBINLEZENSEAE
EALIC & 2 P e (BhAY + 0PRSS &) ZAlAG

scale
Furnace
Bottom )
casing
car
S
| Dolomite
Seal plate
(SUS3108)

Scraper

Fig.6. Non water-cooled seal unit.

52 LT, BIET - U e — MngkoaR LS S vk
FIRTREAMAEN L7-. Table 112135 (N) SUS304N2 KHY
G O M EUGE B 2R T, 7o AERE O S SR E)
(Fig.7) OBE&%~N—ZI12, EHE L THEZ oY
Jab—Ya kBTN ERE L, KRBT
L 2B ABOE G - EEHA E LTIEH LT
W5,

4, BEXXEY)FfT/ #ET Z
1 4NDEAE

WA LE T, I E CHELEOF AR I3E
CA =T Thio Tz, AH—=TN=FZ A>T
BECcxb/20, 94 TOLEFAFYIZIETL
FUTMMICTEAR TR THL. LarL, JLHH
DF XY %479 BaI2iE, RIEMOEBEEL RS
N5 LREFICRKEOHEDFAET L. 2612, BN
DWFEL L L7290, EEZFIZLDMEDNT Y 03584
T5 L, FEEERICHIEMPLETH Y, LHERILHE
HEDOREE L b % > Tz, BT, 2002 4FIZ AT —
TEREDOHIEIC X 28R % Hidk, SHRMESRTHO T
L CHFEI2SIT % 77 F A4 >~ ¥ — (HEG : Hot Ecological
Grinder) %3 A L7- (Fig.8). Z i F CHERIMFHIEEP
DR EOPNETE T 1 TCOARAERILEINTBY, B
WFEIAS IEH A XIIRDT — 7 A 5 7 D FRi ¥ AHLY 7R3

— T - T Mg
- size S
Nb Ng=10 il 12300
12501 2282°F (1250°C) reneat dynormic,
© 1200 42200
>
2 1150 42100
o
@
a
£
£ ad 42000
o
S
B 1050
@ 41900
1000]
41800
950 1 1 1 1 1 1 1
010 20 30 40 50 60 70

Rolling reduction , %

Fig.7. Austinite recrystallization and resulting
grain size as a function of rolling temperature
and reduction (one pass) in Nb steel.



Thor” BALLBMZ T4 5 =1, BHHEBEM,
DAL FIIR A ) AL TAETY A4 400 — (230 F XD
EEDSTE, SFESFERMEB L OTEY A Xk un]
Re L, A, A, W, filletc) ThHDH I LHEM
T, BEFE (600 T~ 900 C) OEMEIEIE T
29 AN— FOYE (W€, KindEszs) 2hil
FERET AL TE . BRI EEEZEALS
LY, BEAMEECLORMEREL T 5 AN —
TEEZFHSTIENTE, AW —T7F AR HEOR
SEOMIE T B PN A D — TEERFO 7 L ARz B )

P > sl D B H$GE L2 B 2 Bt 4 59

BRMEOHH O EBL Tnb, /2, BEEREDA
71— 7 HIHEE L AR O T b B T XHLY 25T RE &
%Y, V= FZ A LML MR FEE 726,
B RILICBHE DV T WD, Rk 2 FHROEA S5
TL, Ak, BEBEIEOEZLHRIZLD R
s B L UBRBIGE R SN T b,

5. 70t XEFY T
JL4E, FE AT 2 W 7238 N T oo TR R ET 722 £ 03
AR AT NA L)1), % DERK

o
aj= =4

Table 1. Comparison of conventional process to new process
(SUS304N2 Round bar).

Conventional Process New Process
<1220°C4> >1250°C —»p
Forging {1150°C
process
upsetting upsetting . upsetting
11t 1.5U0 goop 1.5U S50F 650F ¢ 568 1t 1/20-750F 6512
Reduction amount : 30~50mm/blow Reduction amount : 100mm/blow
I’rc(1u1’11?y' 5 2
of heating
Macro
structure
" ‘..........,......._... ®MFine grai
Grain Outside GS: 1.0 ~ 3.0 OQutside GS: 3.0 ~ 7.0
size Center GS5:-2.0 ~ 0.0 Center G5: 0.0 ~ 3.0
Scarf (Gas) Hot grinder
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Fig.11. External view of new press main body.
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Table 2. Comparison of specifications between new and old presses.

New 7000 t Press

Existing 3500 t Press

2 columns

2 columns

Structure
Push down type Pull down type
High speed: 30 MN Nomal use: 30 MN
Capacity Nomal use: 60 MN Maximum: 35 MN
Maximum: 70 MN
Daylight 4100 mm 3700 mm
Stroke 2500 mm 2000 mm

Distance between
columns inside

3800 mm x 1600 mm

2500 mm x 1600 mm

Speed

Usual :120 mm/s
High speed:240 mm/s

Usual:120 mm/s

Stroke number

Maximum:82 spm

Maximum:72 spm
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Fig.12. Heat image data for collecting records.
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Table 3. Forging process for SUS304N2 disks.

Process Process of new Process of old
70MN press 35MN press
Heating <1250°C <1250°C
151
upsetting — [ 850
Conversion
1/1.5U
Heating <1250°C <1250°C
Another //
conversion ﬁh/
N
Heating <1250°C <1250°C
2"d 6
upsetting
¢1720><H390 ¢1200><H800
= Grinding
Heating <1150°C <1250°C
grd @ 8
upsetting
$2100XH260 | 41950 H750
(Finish) = Grinding
Heating <1250°C
4th
upsetting
¢ 1380XH600
Heating <1250°C
Final
upsetting $2200X H240
(Finish)
Frequency
of heating 4 6
tr elgterg‘([ent Solution Treatment
Grain size
rating
Grain size Grain size
number #4.6 | number #2.2




Fig.13. SUS304N2 disk under forging.
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