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Effects of Ingot Weight and Size on Loose Structure and the Reduction of

Area in Z-direction of Steel Plate

Takaho KAWAWA, Yoshiro HoOsODA, Naoki SAKATA,

Masaharu 116, and Syunkichi MivosHI

Synopsis:

Recent tendency to the enlargement of various structures made of steel plates, such as ships and bridges
brings about the need for the production of the large ingots which weigh more than 30 tons.  Such large
ingots have a loose structure in the center of ingot along axis, which deteriorates not only the homogencity
of solidification structure, but also mechanical properties of end-products, especially reluction of area
in tensile test in the thickness direction of plates (Z—tensile test).

Research works on the loose structure and its e¢ffects on mechanical properties have been seldom reported
before. The present report has proposed a new method using ultrasonic test to measure quantitatively
the looseness of the structure of ingots. With this method, the effects of ingot weight and shape on the
formation of the loose structure were investigated and clarified. Furthermore, the change of the looseness
by rolling was investigated. Investigations have revealed that the rcduction of area in Z-tensile test,
which is of prime importance on heavy plates, is substantially dependent on the looseness of the plates

originating from that of ingots.
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Table 1. Chemical composition of the ingot for ultrasonic test (%).

C Si Mn P

S Cu Ni Sol Al

0.13~0.15

0.33~0.39 | 1.31~1.39 |0.011~0.020/0.009~0.015| 0.16~0.18 | 0.04~0.08 0.030~0.052

Table 2. Dimensions of ingot mold.

Inner dimension at 1/2 height Taper of wide face
Height Dr+—Dg
Mold Narrow face Wide face (H) (gmm) < X 100) Type

(Dy) (mm) (Wwm) (mm) (%)
K40A 875 2150 3 200 —3.1 Big end down
K40B 880 2150 3 200 +6.4 Big end up
K40C 880 21350 3200 +8.1 Big end up
K21 763 1 749 2350 —3.2 Big end down
K15 725 1 645 2200 —1.4 Rig end down
K12 615 1645 2200 —1.4 Big end down
K10 585 1545 1800 —1.6 Big end down
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Fig. 1. Sampling position in ingot.
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Table 3. Ultrasonic testing condition.

Ultrasonic flaw Krautkramer, type

detector U.SM.-ZMT
Normal-beam probe, Quartz
Probe 24 mmg, 2MHz

Coupling medium | Machine oil
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Fig. 2. Distribution of loose structure on longitu-
dinal cross section of ingot.
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Fig. 3. Reduction of ultrasonio echo along ingot
center axis.
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Fig. 4. Distribution of loose structure index at
the half-height of ingot.
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Fig. 7. Comparison of distributions of loose
structure and segregation index.
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Marsurc') DFE % L EMMNC—FT 5.
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ZZCEN L2 BERD Z K mE BRI, ROZFRT)
WHESINS. B—-RINIMROTHUE(F 2, /D)
PERCEREINGE, FOXISKEETS,E 150
mm [EDECHMER R by THO5K b AT ELRE
YT 2ENBEDZHMEY CTHETELDTHD,
BEoRINIBH RIS/ HEROKREVE SRR - R/
PRI Y T A ME R RS AIRELT, ET
EEESBEHROZEMEY O 2T ELLLOTHS.

4-1-2 ZHmM5IRFARF &

JEHRD Z 173 BRI, SMMANE & oEEL AL
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OSWTRRELEZR B 2K E L, HE 120mm BITF
OWTITgEF% FBRIRERE L7 SRS oKL,
EATERE 10mm, ETHRES 60mm, IZSRGEEE 50
mm, FEREEER 15mm, OHLEEX 35mm B |
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Fig. 12. Reduction of area and position of fracture
at Z-tensile test influenced by ingot type.
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Fig. 13. Reduction of area and position of fracture
at Z-tensile test influenced by ingot size.
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Fig. 12 w5 — =085 40t s HE-E L
150 mm {RERMIEDIED 912 BT 5 Z K b Ot
IFHMGH R X CEhC RT3 L Bbh 55 RS
WAL E (RZE H R ALE) 273 ThoDfFERK
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(1) MIRATHYPRELLHONE, R Th
5 50% G TAMBETH Y, WEAEIREFR RS
Toxrhs»n 10~30mm HAN/-fiETH5.

(2) LReATE GRS Ok IFIT R X O & fHig» 5 F
MINLAE (30%) &R RD.

(3) MRERRTO BEEALER, VIR PRI S
L, #EF.LLD 10~30mm E-Fh/-giftrEisEVv
EIFERI IR E VEIFOERICHIS LTV,

4-2.2 JEFfES ZHRAEY DZEL

Fig. 13 iz K10, K12, K21 3 $§RF Ficftd Z
B DZELS L UHHEZ R ChoofRL
DRDZT EHbhDb.

(1) #@Esed, ETHOMKAKE ELIRZAMED
A LTRAESR LV ZDBRLEVIET L—EEiIC
WERT 5. BRI KIO B3 Ax<, KIS 2384,
INE VN,

(2) BAKVZRT&EO ETHEERICIY B
D, Fhit K10, K15 K2l QIR EETHEHRS.

(3) ETHOEAEEDIHEIRIER 1/2¢ —1/4¢
= 1/2¢ (¢ 1RE) 2L L, BREK O IBEIES 1/4
(~3/BtRIBDBEGCELNS. '

(4) @REH o 1/8 BB Tl LREmE Bk
DZHRBORETHOEICK UCTHEFARS L, B
fiED 1/2t CT—ETH5.
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BDLEOREBER X D, SEFRC X0 Sl NE L
L7csd, RO Z A1 0 i3 sHiE i X dhd 3R cEEZ 7t
EVBEbRDZ L, THE—FOMME» LELXDOETR
WCHEE L7256, 2FMEYEE Tz X b Kk Ex <2k
THZLBEL» LDk £ 2T, WMBANE, ETL,
BEIOERD ZH ALY OEEERC OV THERTS.
5-1 Z /ZASIERBHAIE & 8D OBE

—ARI A OB D W EHE T AR & LT, i
DRO YT 1 BIUNENREORMEREILEETH
LEIRTVWEY. Koo F A FFECXDEKTSE
MCd 5D TETHOEINIK Y O LicE 53 5 25,
MEEPEEIEC X D 2 - hET 5O CTET o B
BOZETSRLHFMCERATE. LA 2T Y
Y DIETE ENEMOHEDOHE OEEOIrRHVTEE
H5HhOEINTVWAED. LprLIDHEZiE<hY v
DIRESFDZ DRBREFAANTHEBHTIREXR, &
D Z & < 2FFEROSGE W, WMBE X 5mo ks
RITO7-DHBREFAAND~ b Y v & 2BES % EE
AR RIS, £ LT, BELEE, hb
SEDOHMABELRHILIDOTEEY, TOMBEBOKY 5|
EINDEVSZETHE. ZOHEED»LERD ZHH
MO H T THBANE (¥, MnS, f5FIF) 2
H¥5L Tabled DX 51insd. ZOERTFEHEED

SEEIEDLEDH T EICXY, FIECHES WEAED
Zibik Fig. 14 o X5 T5EE2605. Thb
b,

a) RETHROHEITE, RERRCKES Y /2%

Table 4. Change of loose structure and segregation
with seduction,

N , Change with
Factor Appearance ; reduction
. Reduced and
Loose structure Porosity diminished
MnS Elongated
Segregation : T
Entichment of (5 .\ 4
[C), (Mn], etc | nehange
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FAEhT /2t THETTS. COREITETINS
oD IR WEE S, (¥ 7 HED

b) hETFHOES T, ¥ 2138/ L MnS 31HE
TH—HF7HEY) v 7 AOBESFTHIETITLOELLE
Wi HIRER R TSR E L, Lass > TN
HEEMRET LIZUH 2 HERR X9 205 MEIC, MnS £

ek sRESE LTETS. L, TOETRTR
MnS DHITHEEINEL, FRZOMNED Y 713/h
BOiDEIIEWHEE ES. (F7-MnS FE)

) EHETHOBEIY, F7RITLT/EHL, MnS
BE LA HEETS. FEERETCILETZL Y MnS
BEVRDT ) v I ADBETEELENRT ZOME
TR 5. TOREED 3HE L MnS O7zD W E

o1 10

Reduction ratio
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Photo. 1. Appearance of fractured cross section by SEM denending on reduction ratio (21t ingot).
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Photo. 2. Appearance of fractured cross section by SEM depending on reduction ratio (10t ingot).
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Change of R.A. due to loose structura only

----- Change of R.A. due to sulphide onty

fracture fracture fracture

1
<] \\\iq ::tﬁ \\i
|

R

»
= ,
° J
: f-i /‘ ,1
'51 U B I A
] | }
(=
L—i1/21 ] —1/21 — —1/21-1
Surf. Cent. Surf. Cent. Surf. Cent.
@ low ® medium © high

Reduction rgtio

Fig. 14. Diagram explaining the change of fracture
position in ingot thickness relating to
reduction ratio.
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BV 7 A LN D INEY. S HIETIARELSK
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LIZETHA AKEL< DL MnS OHEMN KEL LD
c) OWEEL L DBV IECETTS. —F, KI5HER
T Fig. 10 @ RT & 5 EIPRERD ¥ 7 R g
Wiz a) OREAEL & b) BRI RHbh i
FEc) TBTLEEEZSN, TOROHEHAEDE
Tl k65 1/2t L7x2TED, LK) DRKED,
K102 K2l i X v Ko e E X555 . $72, K10
D /8 IGREMIT IR B I E Vi v o 2 <,
MnS OEBDLAEbR, TRXTOETHITR W Tc)
DORAECHEITTH-DE Y BEFCWLTHbDEER
bRg. o bao®E 2 AL, 4-2. 11T~/ 150 mm
SHROMEE S FREY SO ThEBATE LS.
7o & x4, K40A $RBED 50% Ry 7 A7 b 3R
L, —%, 2HEMEETLIILDS ME THdHD
1/2¢ CTHEEFL, Ko RKEEZED. LerLIfkD b
v 7D 30~40% TiE 2WFITA LD REL, L
DTHRERROERARF S K E V2o 1/2t X0 L 4HAl
TR+ 5. X oo 60~70% Tix 1/2¢ oD
+F & 3N L X 0 54l 3 VIBHTERD MnS C g
L, WFhbiEnid 50% HAEX D E<7%D. 2 5H
RO JERELRIFCI ST Y » 7 AEESH
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Fig. 15. Maximum reduction of area in Z-tensile
test and critical reduction ratio affected
by the loose structure index of ingot.

W, BT —S—% BRI B LI XD L,
+6.49, (K40B $0bh), +8.19% (K40C i) 15
EF O DRRAE L 72D UE 1/2 ¢ 55 TRERT Las
724, TN X oL llo 1/41~3/8¢t THMI$5.
Z DR IEEETRT. B3 HOETHIT T
T6THYH, ZOBREOETHIZI T, BBy 70
ZhiEa) OREE, LdhiEb) ORKESEDNAD
fEAR S s B, ThicX o ARECELTS
ZDEFEZILNRS.

PAE B, K0 DRKER DD 7 DEESHL L
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DN TRED FHWIBSIT RETET F 0 OEEH
Z, TOEOHYIEEL, HREMOY I BELHRVE
BRETREEREL LEVWESF 7DOEELZ /NS THZ
ENTE LA, Fhizfivy MnS 2T 5 wdik
BOWRL LD EZLNS. XL TRIDPERRLED
BEDE THZERETH Rerin T ORDOED Z ¢z max.
EL, B EEM BB oy 2 BE L OBREIE~
feh s Fig. 15 TH5. RoLHL»X 5T, F
FoOHEME EDIT Ry BRKELKD —F @2 max.
By ah SERE (12dB Pllic) #md s & 8T
TL sy 2 S OSAERO Z B K9 & 30T
LZEELEFTHE LETE LTV S.

5-2 ERE(CKD MnS OFE
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Fig. 17. Elongation index of sulphide depending
on reduction ratio.
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BRE LM, BPIXISHIEE I X VLT, K7
WERWHIEHEDE EOHHO MnS O REXIT X5
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—EMRBIRE 0. £ & TERO LA ETE RS
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1 MnS HBEFREIZITIE—EEICBCR T 5 HRE2 T T Z
b b, 2T MnS HEHEBRSRREMEGET 5 E
Tiex MnS EBERETILEIRL, R e TRTE,
BOBERIETH Reie & OMIIC Fig. 18 130 %
b5, ZHIEHEARKRY %R THETHOBE TIX, MnS
WREREFSMTEI>TWEWZ E2TR L, Rerie X9 X
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Fig. 18. Corelation between critical reduction ratio
of sulphide elongation and that of porosity.
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