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Ductility and Mass Effect in Large Steel Castings
Toyohisa

Synopsis: .

Ductility and mass effect in large steel castings were studied on production scale, using experimental
castings of Al killed steel and 0:369, C steel of which dimensions are 200 x 200 X 650mm, 300 ¢ X650 mm,
600 X650 mm ¢, 1000¢ X 1050 mm and 80X 140X 180 mm respectively under both conditions of single
normalizing and double normalizing.

The results obtained are summarized as follows:

1) Fine austenitic grains were obtained by double normalizing, compared with single normalizing, in
both high Al-contained cast steel and low Al-contained cast steel. Coarsening temperature can be
considered to be 1050°C for high Al-contained cast steel and 1000°C for low Al-contained cast steel.

2) Mixed grain obtained in the low temperature range in single normalizing is thought to be primary
mixed grain influenced by the initial grain at the as-cast state, and that in the higher temperature range is
secondary mixed grain caused by mixture of coarse grain and incompletely grown grain.

Primary mixed grain in double normalizing is seemed to be caused by great difference between coarse
grain of prior mixed grain and new grain formed by subsequent treatment.

3) Ductility of steel castings is generally more significantly improved by double normalizing than
by single normalizing, but injured by mixed grains that appear in the begining of coarsening.

4) Concerning to ductility of sound and segregating zone in large steel castings, low temperature of
1000~1050°C is effective for diffusion annealing of sound zone, and high temperature of 1100°C for
segregating zone. Consequently, in accordance with ductility level demanded for cast steel, it is indus-
trially necessary to select optimum conditions of diffusion annealing; diffusion annealing should be
carried out in the low temperature range when ductility of sound zone is not enough high, but in
the high temperature range when ductility of segregating zone is important.

5) Mass effect generated on casting in large steel castings is greatly influenced by C content in
this experimental casting alloyed with small amount of Ni and Cr.

6) As for mass effect generated on heat treatment, ductility of 300mm dia casting hardly decreases
in even the inside, but it decreases abruptly for inside castings of 600, 1000 mm dia.

If factor of mass effect is considered, it is also possible for steel castings to estimate tensile strength

nondestructively from chemical compositions and heat treated conditions.

(Received Dec. 18, 1967)
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(a) Test block for heat treatment of Al killed steel (steel A)
and (b) for heat treatment of 0-379%C steel (steel B)

Fig. 1. Dimensions of experimental castings
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Table 1. Chemical compositions of experimental castings (%)
Grade | © | si | Mn | P s | N | e Mo ’ v Cu Al
Steel A | 025 | 053 | 1115 | 0-012| 0007 | 047 | 025 | 006 | 010 | 016 | 0047
Steel B \ 0-36 i 037 | 076 | 0-021 | 0026 | 0°10 | 008 | 003 | — | 0024 0008
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Table 2. Heat treated conditions of specimens.

Single normalzing and tempering Double normalizing and tempering

! Tempering S1 S 2 Tempering
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900°C x5hr A.C 4 # 900°C x5hr A.C 4 ” 7 ”
950°C X 5hr A.C 2 2 950°C x 5hr A.C v ” P 7
1000°C x5ar A.C 2 # 1000°C xshr AC # # z s
1050°C % 5hr A.C 4 4 1050°C x 5hr A.C 7 7 » P
1100°C x5hr A.C 4 4 1100°C % 5hr A.C % y _ 7 4
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Table 3. Condition of normalizing and tempering.
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Fig. 3. Influence of firstly austenitizing temperature
upon austenitic grain size.
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upon magnitude of mixed grain.

Note : mieasure of mixed grain gy is defined as follows, according
o the 19th commitiee of the Japan Society for Promotion of
Science 1 g72=(1/100)} 2:(G;—Gr)?, where G;is grain size

i

sumber, Gp average grain size number and y; the volume
fraction in every grain size.
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Table 4.

Influence of Sl austenitizing temperature when S2 is 880°C.

Diffusion effect to sulphide:

o Factor
N

1

Grain size

inclusion Grain uniformity Summary
° Pretty effective, but . . Somewhat . mixed Bad in diffusion
1000°C worst of three Fine grain grain effect and uniformity
° More effective than 1000 Almost fine . . Good in each
1050°C °C, but good of three grain Uniform grain factor
1100°C Most effective, and Almost fine Somewhat uniform| Only mixed grain
best of three grain grain is unfavorite
Table 5. Influence of S1 austenitizing temperature when S$2 is 910°C.
Factor . .
- Diffusion effect to . . . .
Zone - sulphide inclusion Grain size Uniformity Rating
° A littie influence, Good, but prior
1000°C but good Better grain’cﬂ"ect B class
Sound zone 1050°C Better Good Best A class
1100°C Better Good Goqd,but mixed B class
grain
Bad, insufficient
, 1000°C diffusion of dirty zone Better Good B class
Segregating zone 1050°C Ditto with above Good Better B chass
1100°C Better Good Good A class
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WHR~, FTEBOEIMICE S 23 < & F13EED 1100°
C%&S 1 BmZEE IR L L .

35 BRYR

3:5-1 BRI TELHEEYR

1000mm ¢ OFHWOHEm O Y7 7 —FY o b %
Photo. 2Z75%. Photo. 2 X ¥ 65mm OKBICHEVIE
MDD LD DT, L ORGSO Fig. 13 it
IOSR—EREETLTWS. £ICERE D NE~D
SIRDEE, MUY OZELIZCEDELLIEFIT X
—HLTw5.

Fig. 14 TR » L NE~DES & NE WO H R
THARSANCECEPBEE S S 170 mm DFLETEL,
FLETREREREL D 0°06% 1KV LirL, 0D

Photo. 2. Sulphur print in longitudinal section of
1000 mm dia. Al-killed steel casting.
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Fig. 13. Change of mechanical properties heat treat-
ed in blocks of 150mm thickness taken
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Table 6. Mechanical properties in test piecess E 7 . o/
attached to the experimental castings. — 50 |~
2 &
< \
Casting Yield Tensile |Elongation |Reduction S:;;EZ & 45 \\
to be point strength of arca (2mmU) S a0l \
attached | (kg/mm?)| (kg/mm2)| (2%) (%) kgm/cm?2 g s \
& 3B
mm §| 43-8 611 294 617 9-1 g ANl
300 42°4 | 60-2 | 250 | 482 | 12-2 g = TN A
25 - A\\ //
600 44-4 61-2 30°6 61-7 13-0 — 30k i
44-1 61-2 | 279 | 630 114 & A
§- 25
48-1 55-9 | 28'6 | 62-3 10°5 & 20 _:§§>\<:;==n ~
1001 ars | 598 | 371 | 641 | 102 -] ——
—HLTkY, 300mm¢ DHFWTIT 56°5~59-5 kg/ ez N
£7 g g
mm? OFFFH T PNEIE EEWEEZ R LTS, 600, 1000 et 0 o~ \\ | p-=om77¢
= L
mm ¢ DE T ZNFI 57~62, 57~59 kg/ mm? @ 2 Yo
- - — 5 56
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TARF LT, 300mmé DOHMDRKY 7 & Ok normalizing from 1050°C and 880°C and
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Table 7. Numerical value of contants Aj, Az, A

and A, in equation (2).

Constant A, : effect of tensile strength

Tensile strength | gp 40 45 j SF 50, 55 l SF 60
( kg/ mm?)
A, (kg/mm?) 23 l 21 | 19

Constant A, : effect of cooling rate in normalizing

Cooling condition Air cool ‘ Fan cool

Ay (kg/ mm?) 41 L +2~3

Constant Ay : effect of tempering temperature

Tempering temperature |(°C) ’ 600 | 610 | 620

As (kg/mm?) { +0 iO‘ —1

Tempering temperature 630\ 640 | 650 | 660

As ( kg/ mm?) —1’ —2| —3| —4

Constant A, : mass effect

Diameter ( mm) 200 | 300 | 400 | 500 | 600

Ay (kg/mm?) +1 +0 —1 -2 —3

Calculated tensile strength ( kg/ mm?)
=A,+As+Az+ A+ {C% x 100+ (Si—0°25)%
/0°05%+ (Mn—0°5)%/0-08%

+ (Ni+Cr—0°30)9/0.08%+ (Mo—0-03) %
J07 03} -vereereeriirnirieeen e (2)
727 LA : BBE D3RS 0 &b 2 HUSEIF TH E 2 7EEL Ae
DEMERE O ENRE CIRE S EEL As i L L LIRET
REDER A HEPRERDTEHTHS.
FoOFER Fig. 19 WRT X7 2% 2kg/ mm?
DA CLEsE & < —3 U, $ e gzt (2)
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Fig. 19. Correlation between the measured tensile
strength and the tensile strength calculated
from equation (2).
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