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The Influence of Reduction-Ratio in the Hot-Rolling on the
Strength and Toughness of Quenched and Tempered Steel

Seiichi WATANABE and Tatsuro KUNITAKE

Synopsis:

The influence of reduction-ratio in the hot-rolling on the microstructure and mechanical properties
of quenched and tempered low C, 3-59%Ni steel was investigated and the following conclusions were
obtained;

The average y grain size became finer with increasing reduction-ratio but, the grains were more
elongated in their shape in the rolling-direction. With increasing reduction-ratio, the unit crack path
(U.C.P.) observed in the fractured surface of longitudinal Charpy V-notch specimen became finer,
while U.C.P. in the transverse specimen changed less evidently. The fracture appearance transition
temperature in the longitudinal specimen behaved similarly to that of U.C.P. with increasing reduction-
ratio. The difference in the unit crack path and shape of non-metallic inclusions between lon-
gitudinal and transverse direction brought about the directional difference in Charpy transition tem-
perature.

The upper and lower yield point in the stress-strain curve separated more appreciably with increas-
ing reduction-ratio from 1 to 8. This is due to the fact that the inhomogeneity in’ the cast structure
such as micro-segregation was leveled out and consequently the difference of tensile strength at various
locations disappeared.

Both columnar and equiaxed zones in the cast structure responded similarly to the reduction-ratio,
but the quantity of non-metallic inclusion was larger in equiaxed zone with the consequence of some-
what inferior ductility in the latter. The orientation of reduction with respect to the columnar axis
in the cast structure had no appreciable influence on the various properties.
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Table 1. The chemical compositions of the material (wt 95).
C si Mn P s 1 Cu l Ni Mo | Sol Al
0-09 0-24 0-61 0-009 0-010 | 0-05 ’ 374 015 0-039
Ladle analysis
Cast structure Rolling Direction Mark

Thickness?
15, 30, 60,120
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Fig. 1. The schematic diagram showing

@ FE T & SRpE OBfRIC DWW T EHERFD 2
S oRITEIOSEEBRNEETHSD, EFcX>T
SEMRENTHEIN T, El:, ESHEINDY.

® FEMTEWTETIHOEWEEATIREREIT XS
BEHFUENECLERRIEE LTAEDOERICIET S C
LRTEHH),

FHETHREEANED £ LIRIC>WT, HEEERD
ETHIZ X 258RWE, @EEEOEL, FERLEY
sk, Tk AR OB ER T Uis. RICEER
Ex F OWEE I BT 5 BEBEORMONEW O IRELicE
Bl »bEtTRBomEERCT3ETHE (E
T, FEFHE) OBEEOFTOWT DR L.

2. X B A &K

BERAHVE 3°5% Ni$HTF DLk % Table 1 R
T. 25 FOBSIETERL 24t AL Ty MT R
HEERTHRAAR. 40y b OWTENRS X OEE
MEEBRE T 5 BT, Bime U0 L CEmRAER L
Df. w7 o BERBERTD SV TEHERERS I USE

rolling procedures for various cast structures.

fTRE AR L, ZhboffizEYakEIwcgIoHL
FEREFEM & L. EEEMOEXI&% 15, 30, 60,
120mm TEEKE 15mm cFETEZ LIt >THE
Th&x 1, 2, 4, 8 OREBL LB TES. EIE
FEEE Fig. 1iwamdH, BRG, F8HHT DT #HE
M FOFEEDOH S DOESHRC LD X 5CEELT
W5, ThbbiEs Al RRRGOEELHIET R,
e A2 EAS M, ESBRIER®LOETH
BICETEZPF 5. iS5 CREMATHS. E
HEEMES 60mm, 120mm D H O DWTH v —v
DRENOHIEED S85EIC Lo T 30mm FTHELTHE
HELT W5, FoffERmi Fig 1 RTEESR
ERI—Z T2 T3, BEDDIVIEERF D o — b
i3 Table 2173 L B0 ThHD. BIEEX, 930°x1 hr
WQ +625°C x | hr'WQ D AR LA 2 TR 27z
SIERAERA VT EfTER1E 8'5mm, iF L BERE 50mm
ThD. EHEABE X JIS4 SHEFRRRFTHS. I
) =FNTFF Y RAERL I OTC rREREIETHEED
CNEME X HEIE Lz, @ERBRA BECOWTRE

— 55 —



830 g &

% 61 4£ (1975) 62

Table 2. Forging and rolling schedules for various reduction-ratios.

Initial thickness | Final thickness | Reduction ratio;: Forging and rolling pass schedule
15mm 15mm 1 :‘ As machined
g i Heating temp. 1250°C
30 15 | 2 ? 1000°C__950°C _ 900°C
; Rolling 30 — 25 —— 20 —15t
1 250/1 050°C
60 15 4 Heating temp. 1250°C: Forging 60 —_— 30t
1000°C 950°C 900°C
Rolling 30 > 25 20 > 15t
1250/1 050°C
120 15 8 Heating temp. 1250°C: Forging 120 — 30t
1 000°C 950°C 900°C
Rolling 30 > 25 > 20 15t

Table 3. Chemical compositions of various locations of ingot. Weight of ingot: 2°4t.

abecd, Chemical composition (wt %)
Location
T : | C Si Mn P S Ni Cr Mo | Sol Al N
|
_-—r__:___ a. 1 011 10-26|0-62|0-007 |0-009 [3-70|0-25| 018 0:043 | 0-006
I 312 a. 2 01110261062 |0006 [0-008 [3-75|0'256{0°18/ 0:045 | 0-006
""‘|"‘J|"" a. 3 0-1110-25 ] 06210007 | 0-00 3-74 1 0°26 { 0°18 | 0-041 ; 0-005
I
|
I ' b. 1 0-11|10°26 | 062 | 0-006 | 0-009 |(3-72|0-27 |0-18 | 0045 | 0:006
b. 2 0-11 1026|062 |0-006 {0009 |[3-73 (026|017 | 0°043 | 0-005
n b. 3 0-11 | 027 | 0:62 | 0-008 0-008 3-71 1 0-26 | 0-18 | 0°045 0-005
]

El s c. 1 0-10 1 0-27 | 062 | 0-008 | 0-009 |3-73|0-26|0-17 | 0:045 | 0°005
Colum?ar 2ong c. 2 0-10 | 0°27 | 0-62 | 0-008 | 0-008 |3-72|(0-26|0°16 | 0°046 | 0:005
b N c. 3 0-10 | 027 | 0°60 | 0-006 | 0-008 |3-7210-25|0'16|0:048 | 0'005
¥ =4 d. 1 0-10 1027062 (0°006 | 0009 |3-70|0-27 | 016 | 0:048 | 0-005
¢ 1 d. 2 0-10 1 0°26 | 0'61 | 0-008 | 0-008 | 3-69 | 0-27 | 0'16 | 0°046 | 0-005
1 d. 3 0-10 1 0°26 {0°62 | 0006 | 0008 [3-66| 026|016 0:048 | 0:005
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Fig. 2. The degree of cleanness for non-metallic
inclusions at various locations of ingot.
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Columnar —1— | Equiaxed
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L1 I 1 L 1 | 1
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Reduction-ratio

Reduction-ratio

Fig. 3. Influence of reduction-ratio on tesile strength and yield strengh for columnar
and equiaxed zone after quenching and tempering.
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Fig. 4. The influence of reduction-ratio in the hot-rolling on reduction of area

in the tensile test.
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Fig. 5. Influence of reduction-ratio in the hot-
rolling on yielding phenomena in nominal
stress-strain curve after quenching and tem-
pering.
strain rate : 10945/ min
gauge length : 50 mm
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Fig. 6. Influence of reduction-ratio on impact value
of Charpy V-notch impact test.
Test temperature 0°C.
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Fig. 7. Influence of reduction-ratio on transition
temperature of Charpy V-notch test.
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Fig. 8. Influence of reduction-ratio on average
austenite grain size for various cast
structure.
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Reduction 1 2
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1004

Photo. 2. Microstructure for reduction-ratio 1, 2, 4 and 8.
Austenite grain size becomes finer by increasing reduction-ratio.

A

B —O—| Longitudinai « -

--®~| Transverse -+ :

w
o
[

=
T

Average length of non-metallic inclusions (
3
|

0 I 1 | |
12 4 8
Reduction — ratio

Fig. 9. Influence of reduction-ratio on average
length of non-metallic inclusions for
longitudinal and transverse directions.
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Fig. 10. Influence of reduction-ratio on unit crack
path on the quasi-cleavage fracture sur-
face of Charpy specimens.

boEEZLND.
3.5 MAEEMCEKLEITETHORE

S AZOLOEOWTY v VY —FERBRITRIT B
fetkakimns EEREFHTHE L/2ER% Photo. 3 iR
T. FTHABL RS >NEERBAMEEMEE Lo Twy
EBLEMETAHEMTREL RIS LPES. WwHED
BEEIDOWTY =77+ ) AETHEEMEZEIE L
TegER%E Fig. 10 Wy, rFEFELFEL LS LFRIC
DWTIEETH 2~4 O#HiF T Al B HAD I il
BRAEMBEFNREETHE EFTHEME Ly, THR

— 60 —

.

¥



i

. (

Ve

\‘v’

e

SHEMOBE L WEITS X ETHBEEEROETILORE

835

(b) Longitudinal

Photo. 3. Quasi-cleavage fracture appearance for reduction ratio 8. (a) and (b) are those of
transverse and longitudinal directions, respectively. Test temperature, —196°C.
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Table 4, X-ray intensity for various Miller-indices planes of steel plate rolled by

reduction-ratios 4 and 8

Normal direction { 1/2 T)

|

LfiifﬂfffffffE__
Transverse

Rolling direction
direction
Intensity Intensity ratio to reduced iron
Miller Reduced Reduction-ratio Reduction-ratio
index iron
4 8 4 8
Trans. Roll. Norm. Norm Trans. Roll. Norm. Norm.
110 190-4 2938 ‘ 219.0 158-0 168-0 1-54 1'15 0-83 0-88
200 260 250 28-7 39-7 376 0-96 1'10 1:53 145
211 50-0 470 52-0 568 53-0 0-94 1:04 1-14 1-06
310 160 15-0 160 15°0 15-0 0-94 1:01 1-03 0-94
222 35 25 4-3 63 5-0 0-71 1-22 1-80 1-43
321 13-8 15-0 15°0 14:0 13-5 1:09 1-08 1-:02 6-97
420 51-3 390 395 0-76 0-77
332 43-1 556 506 1-29 1-18
- 521 39-1 30°5 32-5 0-78 0-83
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Fig. 12. Relation between transition temperature
and unit crack path for longitudinal and
transverse directions.
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Fig. 13. Austenite grain size for longitudinal and
transverse directions.

DR DEF N £ T BZ L5 HFINh5. Fig. 13 11
) =TT 5 v RBET P MERRIET B, EEDS
[m% L AE (Longitudinal size) & T 5[ (Transveres
size) L &DOKEED y MEZRT. WED r WE0E
WY 10 0, 7 RHEOHESEEEELTRELDOD
THdH. ZOXIE r FEREOENE U BEEXMHE LA
EDEE ¥ 54 F4 MEREL, 2 OFMBAOKE %
BIEMCE ST r{bT505LELZLNE. ST W
4 FRRA F A MNED T AR o AT Z #inEh
THLHO rfEF I E#ET IS r{bT5RERB A
STV B A~ KR O LR 35 Ni-0-25
Cr-0'20 Mo iz W THTHIHIO r FE5| Sk Z &
BRSNS, LD r BIIERMEERC X o T
BLrhic, ETHESBEWE X #c koTw
5. ZNROOFMBER 100% 5| EMH<CZ LB WELT
, BHyLIIHE LI r RS E#HTERALR T T LT
&5, LB OTHEBEMNORFEET XTOMEICH
TIEL T TRV

1.2 S|ERFARICHKIEFEIETHOEE

Fig. 5iT/R L7z X SWWH T #Ehnic oh, [EH-8
BRERIC 510 2 ERBARA L TRREDOSEESIAIESL £ 5.
CDXOLBREOFERD | oL LTRITSEBELTWS
FREEEAEV. ThbDh I U n{RITSEET LD [E
R X DB ES LRV ERS BB A Uy A E A
L LT L LBRBE S DEVWES» LIECER LT W
{7z, b, ETHBRRED ZBELV -8

— 63 —



838 % & £

5 61 4 (1975) B6 =

1250°Cx 1t h x10h x 100 h Homogenizing
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Fig. 14. Influence of soaking time on yielding
phenomena in nominal strees-strain
curve.

strain rate : 109/ min

gauge length : 50mm
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