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Construction and Operation of a 5t Vacuum Induction Furnace
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Synopsis :

In order to develop new products and new processes, a 5t vacuum induction furnace was
installed as a melting facility of Research Laboratories of Kawasaki Steel Corporation.
The furnace was carefully designed by giving consideration to the size and chemical
composition of the ingot to be produced, the mode of operations, the maintenance and
the environmental standards. In Feb., 1974, the furnace was put into operation and
various grades of steel were successfully produced. In the present report, details of the

furnace and the results of operations were described.
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In order to develop new products and new processes, a 5t vacuum induction furnace was installed

as a melting facility of Research Laboratories of Kawasaki Steel Corporation. The furnace was carefully

designed by giving ccnsideration to the size and chemical composition of the ingot to be produced,

the mode of operations, the maintenance and the environmental standards.

In Feb., 1974, the furnace was put into operation and various grades of steel were successlully

produced. In the present report, details of the furnace and the results of operations were described.
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Table 1 Effect of frequency on meltmg characteristics of conventional induction furnace

Low (50 or BOHZ)

Frequency ngh (>500Hz) Trlple (150 or 180Hz)
Efficiency About 96%

About 862

About 929

Power loss without
load

| tinues to rotate even when

As the motor generator con-

the melting discontinues, the

power is lost

Input power for 1t

furnace

Start from cold ‘

furnace

i Possible to start from small

00kW
{at 1000Hz)

Nothing

Nothing

750kW

500kW

cold scraps

Possible to start from
larger scraps

molten steel method

Possible to start from start-
ing blocks or by the remained

Minimum size of

charging materials

6~12mmY ]

130~150mm"

200mm"”

Full power operation

Sultableness of using |
basic lining materials

Mlmmum rated

input power

Stirring ‘

Possible throughout melting

Possible, only in the case of

Possible when two thirds or

more of furnace volume are

Charging of

materials

period large charging materials filled with metals
Weak ‘ Moaoderate Strong
Easy Not so difficult Difficult
20kW 200kW 300kW
Easy Not easy Not easy
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Table 3 Specification of vacuum pumps
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Starting pressure (Torr) 1 760 760 760
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|
— _ ] e
Oil filling () Bl~Ho 4 13--22 i 4
i . i
Min. cooling water flow (//hr) 1 800 100 190 -
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Table & Dimension of molds

Name of mold VL5A VL5B VS5 YL2.5 Vs2.5
i
Height (mm) ! 1 500 i 1500 1500 1500 1500
Length of wide side of top{mm) 1145 845 745 850 556
Length of narrow side of top ) . |
{mm) 516 625 745 : 367 556
Length of wide side of hottom i
(mm) E 1055 755 595 760 406
Length of narrow side of bottom
(mm) 366 475 595 : 217 406
———— . —_ _‘ ——— | S
Curvature of corner {mm) 50 50 ! 50 50 50
]
- : _ -
Weight of mold () 6.09 5.17 5.15 3.67 i 3.27
Weight of ingot () 4.64 4.54 4.54 2.27 2.37
Mold/Ingot ratio 1.31 1.14 1.13 ‘ 1.62 1.38
\
Wide side/Narrow side 2.50 1.45 1.00 2.75 1.00
Table 6 Chemical composition of hot top sleeve (%>
— - - — o e
M. Al 5i0, ‘ MnQ Fe,0, | ALO, ‘ MgO Cal | Ig-Loss
_ | | _
. I i S
30~-30 21~-27 ‘ 15~-20 ‘ 10~15 \ 10~13 | trace trace [ 3~5

FYVYHTH L, LB UTTFREME TS
b TED,

BIELA LY S LHTERE DR P A A Y
SA—=THD, Erilvar—gRE - H300t,
A kv —7500mm, §§ R 150mm/min T,
BRI ) v AR TI4t, A e =2
250mm, & 1000mm/minCh 7%,

MR O, BT . v TR 200
L 0BT 4 b v 7 (RAMELTL) TS,

R X LS, DECELT, BEe vy
B, FIAY—ARBLUAATY—AD2EEID
By 7 AAL, BT A, GAMELT
¥50.4°C/min (700°~500°CY T4 %,

3-8 A¥kEmE A-TLoyY—
LU A SRR

IhbiEREOR LiflEs Table 7 iR
T, ik, HEREERIULE, AR, -
nFB e 25, 75 ST, BEREIE LD
HAHE v P E~o ik, BAOBRKERBL Y
HERET 4, SRR Y IR L OGRS v 7L, &
RTN2EHEHREL, HBTTEETET, 2D -
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Table 7 Specification of auxiliary equipment

Equipment

Cooling water recirculating system
for 5t vacuum induction furnace

Cooling water recirculating system

for emergency(d cycle diesel engine)

Element ! Specification
L _ [ _
Flow rate Max. 2.5 m*/min
Pressure 4.8~5.8 kg/cm?
Temperature 1 Inlet~-46°C, Outlet~32°C
Flow rate Max. 0.5 m¥/min

Supply time

Max. 16 hr

Cooling water recirculating system

for tripler

Cooling capacity

Temperature

280 000 kcal/hr
(at 11°C of water temp.)
Outlet 19°~27°C

Air compressor

Exhaust quantity
Pressure

1.5 m*/min
7 kg/cm?

Liquid Argon reservoir tank

Preservative quantity

Pressure

Evaporative quantity

1020 m® {at 35°C)
Max. 9.5 kg/cm?
Max. 100 m®/hr
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HERBAD Ar V¥ — i~ 5 w2 R ISR
B HEENT 5,
4. ## %

JBik% 150Hz, ERES 1500kW, FiE IT 2
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SERRE OB B ARG TR TRD, ¥
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Pl X SFEFwIRER o@E S ER T SR
AT R A, Licdie T, IRF9E
2 FHERgank, FSiban TR S o
T Lo, BEMEARELUBETREEL
fofEE AR TV B,
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FEAIAE 2 AL 0 EIRETORBE Y
Table 8 1=, it 6 + AMioEHE % Table 9
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Table 8 Results of operation
(Feb., 1974~Mar., 1975)

l Number of1 Melting

melting (ch}| weight (t)

Stainless steel 24 129.36
mSilicon steel 5 25.;7-
_M-a.r;ganese Sé?\glnglo%) 2 10‘5;0___
ET T N R
Nickel be@}eﬁls;) T aw

- ‘ " -

Other steels | 34 178.80
_-Washing 5 28. ;5__
Sintering ‘ 8 43, 767
4;;gnehing } (g)* 33.79 -
—_— - [ B
Total ‘ 91 482,01

23 —

* Remelting

due to equipment troubles
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Table 9 Power consumption

July 1975

Period Maximum Minimum ‘ Average
_ S L S R
S o 4380 2580 3682
Power per charge Melt dow? T T
] 2 B 1625
(kWh/ch) ~Tap 2890 900
. —_— i
Total 6520 4200 ! 5307
i
Switch on . |
—Melt down 842 488 : 718
Power per steel ton Me]tidoivs;n T ‘
6 78 | 317
(kWh/ty | ~Tap 266 i ! |
Total 1276 830 1036
Table 10 Steelmaking time
_ . I e e
Period Maximum ‘ Minimum |  Average
Melting 199 ‘ 122 153
Degassing 180 : 64 ' 100
Time per charge Sampling and 41 i 13 o4
{min/ch) temperature measurement ;
. . : -
Alloying 100 40 66
— I S — —
Total 412 ! 284 341
Melting 33 j 24 30
Degassing 35 | 12 19
Time per steel ton V‘Qamphng and a o 5
(min/t) temperature measurement .
Alloying 19 8 13
Total ! 20 52 67
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A D Arpon gas introduction
M ! Mother metal charging
C : Carbon addition
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Fig. 11 Typical operation diagram
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Fig. 12 An example of evacuating curve
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July 1975
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Fig, 13 Relation between power and rate of
heating

I ! Electric current
H ! Magnetic force
1 Stirring force
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Fig. 14 Flow pattern of molten steel in induc-
tion furnace
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Table 11 Calculated and observed linear flow

velocities of molten steel

e " Power (kW) | T
400 1000 ¢ 1800

Linear flow velocity .., ‘

v (m/sec) ‘ 0.71

vs {m/sec)

v : Calculated
vs . Observed

Table 12 Fina! contents of oxygen and nitrogen

(O]ppm ‘[N] ppm

Plain carbon steel (0.2%C) ‘ 11 ‘ 19
Stainless steel (11%Cr, 0.6%Ti) ‘ 18 ‘ 61
Silicen steel {3751, 0.6%AD ‘ 10 ‘ 31
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Fig. 15 Rate of nitrogen absorption
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Table 13 Yields of alloying elements

Alloymg ! ! Alloymg
element ; Yield (/) element Yleid [&9]
C 95.3 Cr 97.6
Si | 98.5 ' Nb 93.2
Mn 97.3 Mo 99.7
P 9.0 B 97.2
o i
S : 100.0 v 100.90
| _
Al . 85.6 Ti . 98.8
N, ! i _
Ni ‘ 9%.5 |, REM | 69.8
| ' _—
F
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Fig. 16 Lifetime of furnace lining
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