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Application of Vibration during Solidification of Steel

Synopsis:

Yotaro HATAMURA and Masayuki NARAO

In order to clarify the influence of vibration applied during solidification and the effect of mold wall
conditions on ingots, rolled steel and weld zone, some experiments were conducted on steel specimens
(SM41, SM50, and Fe-3.5%Ni). The following items were revealed through these experiments:

(1) Content of equi-axial crystalline grains increase and their grainsize are refined by vibration

(horizontal circular vibration, 0.3 mmp-p, 60 Hz).

(2) These effects are enhanced when the mold wall is replaced by silicon nitride.

(3) The change in crystalline structures caused by application of vibration disappears when the ingots are
rolled. (4) Steel sheets rolled from the ingots solidified under application of vibration are inferior in
toughness. (5) Application of vibration during solidification has no effect on the properties of the heat
affected zone of welded areas (6) In most cases, vibration during welding does not affect the properties of

the welded metal.
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Fig. 1. Experimental apparatus for cast-
ing of ingot with horizontal circular
vibration.
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Photo. 1.
on a solidified structure.

a) Without vibration, Mold ; FC25

b) With vibration, Mold ; FC25

¢ ) Without vibration, Mold ; SizNy

d) With vibration, Mold ; Si3Ng4
Material ; SM41, Casting temperature ; 1 600°C
Sampling position ; 120 mm from the bottom
Vibration ; Horizontal circular, 0.3 mmp-p, 60 Hz

Effect of vibration and mold material
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(i) Base material ii) Deposit

a) Cast without vibration, Mold ; FC25, Welded without vibration
b) Cast with vibration, Mold ; SizsNs, Welded with vibration
Vibration during casting ; Horizontal circular vibration, 0.3 mmp-p, 60 Hz

Rolling conditions ; Initial temperature ; 1200°C, Final temperature ; 900°C, Rolling velocity ; 1.25m/s, Reduction ratio ; 5

Submerged arc welding, Base material ; SM41, Welding rod ; US36 X MF3844.8

Welding conditions ; 450 AX 36 VX 230 mm/min 4 layers, Vibration during welding ; Vertical vibration, 0.2 mmp-p, 50 Hz
Photo. 2. Influence of vibration during casting and welding on the micro-crystalline structure of

rolled material.

Table 1. Mechanical properties of rolled steel plate
caused by vibration.

Vibration during casting No Yes No Yes
Material of mold wall FC25 FC25 SizNg | SisN,
Tensile strength (kgf/mm?) 51.1 51.1 51.3 53.6
Yield stress (kgf/mm?2) 32.9 33.8 32.8 34.8
Elongation (%) 36.8 36.8 36.2 35.9
Reduction of area (%) 65. 6 66. 0 65, 7 63. 8
Ductility transition :
temperature (°C) 15 —18 —18 -8
Absorbed energy
at 0 (hgfm 6.9 7.0 6.5 5.4

Material; SM 41, Reduction ratio; 5
Vibration; 60Hz, 0. 3mmp-p
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a) Without vibration, Mold ; FC25

b) With vibration, Mold ; SizNy
Material ; SM50, Casting temperature ; 1 600°C
Vibration ; Horizontal circular, 0.3 mmp-p, 60 Hz

Photo. 3. Effect of vibration and mold material
on a solidified structure.
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a) Without vibration, Mold ; FC25

b) With vibration, Mold ; FC25

¢ ) Without vibration, Mold ; SizNy

d) With vibration, Mold ; SizNg
Material ; SM50, Casting temperature ; 1 600°C
The position of sampled section ; 120 mm from the bottem
Vibration ; Horizontal circular, 0.3 mmp-p, 60 Hz

Photo. 4. Effect of vibration and mold material
on a solidified structure.
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Cast without vibration
Mold wall;FC25

l, .

Cast with vibration

Surface
of ingot

D
T0mm

Mold wall;SisN4

Transverse section

Material ; SM50
Rolling condition ;

Initial temperature ; 1 200°C

Rolling velocity ; 1.25m/s
Sampling position ; 120 mm from the bottom of ingot

Photo. 5. Effect of vibration during solidification on rolled structure.

Table 2. Mechanical properties of ingot and rolled
steel plate caused by vibration.

-

Longitudinal section

Final temperature ; 900°C
Reduction ratio ; 2.5

(a) Ingot
Vibration during casting No Yes No Yes
Material of mold wall FC25 FC25 SizN, | SizN,
Tensile strength (kgf/mm?) 46, 4 44. 8 47.0 46.4
Yield stress (kgf/mm?) 28.2 29. 1 27.6 28.9
Elongation (%) 40. 2 39.8 40.0 38.6
Reduction of area (%) 68. 8 74. 4 68.1 68.1
Ductility transition
temperature C) 50 40 40 40
Absorbed energy
at 0C (kgtom) Lo | L6 | 25 13
(b) Rolled steel plate
Vibration during casting No Yes No Yes
Material of mold wall FC25 FC25 SizN, | SigN,
Tensile strength (kaf/mm?) 48.9 46,6 48.8 48.2
Yield stress (kgf/mm?) 31.5 28.0 30.6 319
Elongation (%) 40.3 39.1 42.5 39,2
Reduction of area (%) 787 | 799 | 77.2 | 77.5
Ductility transition 10 16 22 38
temperature (C)
Absorbed energy 9.4 5.8 5.0 3.0

at 0°C (kgf-m)

Material; SM50, Casting temperature; 1600°C

Vibration; 60Hz, 0. 3mm p-p, Reductin ratio; 2.5
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Without vibration

Submerged arc welding

Inii% Pra - ,&2_ o

With vibration (vertical vibration,0.2mmp-p,50Hz)

Base material ; Equivalent to SM50, Welding rod ; US36 x MF38, ¢ 4
Welding conditions ; 500 AX 35V X 150 mm/s, 1 layer
The position of the section sampled for micro structure ; Deposit in the center

Photo. 6. Effect of vibration during welding on welded structure.
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