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Plasticity of Steels during Martensite Transformation and
Quench Cracking in Heat Treatment of Steel

Yasutsugu TOSHIOKA, Munemitsu FUKAGAWA,

Synopsis:

and Yoshinori Saica

"By applying an impact tensile load to steels at various stages of the transformanon from austemtc to
martensite, the plasticities of low alloy steels during quenching determined in terms of the reduction

of area. The results obtained are as follows.

1. The plasticity of the steels decreased rapidly as the martensitic transformation proceeded and
recovered somewhat after the completion of transformation, thus exhibiting a minimum.
2. The minimum plasticity depended on the carbon content of the steel, decreasing with increasing

the carbon content and becoming nil at 0-479,C.

3. By examining those plasticity values in regard to the theoretically evaluated internal quench

stress values, the quench cracking tendency of a steel could be anticipated,

and the safety limit for

water quenching could be established. This was successfully applied to medium carbon low alloy steels

of various sizes and weights.
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Table 1. Chemical compositions (%) and austenite grain size numbers of steels tested.
) . Austenite
Steel No C Si Mn S Ni Cr. Mo G.S. No*
SNC-2 58 0-31 0-33 0-66 0-016 0-005 2-59 0-77 — 5
SCM-3 52 0-35 0-21 0-82 0-007 0-005 — 1-07 0-23 6
SCM-5 53 0-47 0-22 0-74 0-007 0-012 — 1-07 017 5
SCM-5 63 0-45 0-25 1-00 0-018 0-004 — 1-05 0-24 5
SNCM-1 54 0-37 0-30 0-67 0-021 0-00! 1-80 0-76 0-24 4-5
SNCM-5 55 0-30 0-20 0-40 0-027 0-028 3-15 2-68 0-63 6
SNCM-8 65 0-42 0-23 076 0014 0-012 1:73 0-80 0-24 7
SNCM-9 56 0-48 0-29 0-74 0-022 0-009 1-78 0-80 0-24 5
SNCM-26 57 0-15 0-35 1-11 0-017 0-005 2-92 1-75 0-49 6

* Approximate values.

l

Coil for induction
heating

[eleleTelole]
000000

Specimen Thermo couple

Lood cell

Compressed air

i

Schematic profile of test aparatus.

Fig. 1.

2. R B A &

PN TH O A VY, 25 mmBI iR LcDb
RL—Z kb I9mm FEDEE L, 900°C X 30 min
DO B UEDL ELEThv, FHTHER 3 3mm X
10mm &£ 130mm OF R 2T L. 4t
AMOLERSG EJISBREFCI 2 — 27+ 4 MuE
% Table | WRT. Mads, F—RFF+ 4 MRIEEME
WEICLD_ETHDHE, BRECIOLOTSEET
H5. HEA PATEAR RICIRERIE D 72 D D Pt-PtRh #4
BRI E BETHE LcOL, Fig. Lo HES SRR
ik v b L. BB FATER 2 Oy 25 mm O
B BT XD TED A — 27 >+ 4 MURE I |
min H5 Wik 10min REFL, £OHEER Lic. F—X
FF 4 MUBED SEIRICE DB HOTEDIRE Tl
FIERZIT/EV, TDLEDKYDOER DO CHOIEHE
EREL Lic. WERMERX 0 — Fed ) LTk, BEET
CE LB 0 4~1sec Th 0 FHTPkEIT 25~10
mm/sec “CHot. 7tds, Table | wRTKSOMHE
RAv7-Bgix, o Byt =7 94 b ZEEERE

KRBV OELEFARL Z LT db oo, B0
EORHIC SV THRZERY £ Uk WiRE OB A= #7F
DR BEAIT LS EBR EOERE I T E L.

3. R B B R

Table 1 DIFiIcOWCTH—~RFF+ 4 MUEEY» HEIR
CEZLAETOKVZELE Fig. 2 KFRT. wiho
M WThA—2FF+4 MREETIZ 80% RiEDT <
NIRRT, <744 FEREOBIBE & bicik
DIRABKCETLIZUD, w534 FNEREKTEE
FHECHREHECE L0 LRREE LTV 5. BHiRS
RO DOELIEZELFEOHENTHY, F—2FF4 MK
BBCII/NE L, w734 MEREDETE & bz Akl
LEAEIGELZOLRORLE T LTS, F—X 5754
MREEIT 1 B D OfEIC T LTI REL Db &4 %
SIIEEAEEE LTV WD, w7 44 MREET
DIV Ik DEFBRKE . Fig. 2550 OEKE
PRI L, MOREREOBFRTEDLT &Fig. 30
X5 hBERPE LN Tibh, REEOHEME LD
CeNF YA FDROIBAEL LD 0°47%C TEm
Lish. ZOEBRBEAMNIC IS VTR ORIEIE (¢ min)
L REEDOMITVIIROBIRA A & bt
@ min=156(0"47—9%C) '

Lo T, REED 0047% DLEDOFHIC BTk <av
F o4 MREBTEHEERIC X > TRARAUEE FEX
NEENERINT S ZELEIARFRETH D, BEHNEZHIE
THVISHOBEAIS D& KT LiswvwZ EBRLE &
5. 0°479%C LT OBENE, SFREFEEICE CTEELE
Wrfind T ENFARRTDEDT, BEALHIEKRXTH
DT HHE 5T LhEENIRS LR &0

4. KBEACBITIBZEINOERLICH

yukﬁ&kvw?yﬂ4%ﬁ@ﬂ%mk&%%wﬁﬁ
EBEANNEG IO ER Ry SEENOKRIE 2ED

— 127 —



310 S

L oW s 594 (1973) m22

Fig.

Minimum reduction of area (%)
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Fig. 2. Reduction of area () and tensile strength of steels (T.S.) during trans-
formation from austenite to martensite,
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3. The relationship between minimum reduction

of area and carbon content
transformed to martensite.

in steels as
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Table 2. Mechanical properties of the steel of photo. 1.

. R

tre?t:::nt Position | Direction kg;,;lmz kg/(:mz f}: R%A Uyé:B Brittle
kgm %
L 72°6 907 20 60 80-0 1°4 84-4
850°C x ong. 650 845 18-8 49 770 1-4 84-4
3hr W. C Surface
’ Tan 645 853 15 38-5 823 1-4 84-4
ang- 638 837 212 44 760 1-1 87-5
Lon 63 84-2 20 47 75°0 06 100
R ong- 63 87-4 17°5 39 724 0°5 100
580°C % Center
6hr A. C _ — _ — — 06 100
Tang. . o . . . 07 100
* 0-41C, 0°308i, 0°67 Mn, 0-20P, 0°18S, 1'0tCr, 0°20Mo Diametrer : 258 mm
Table 3. Mechanical properties of the steel of photo. 2.
. . I OB El R.A gy/oB Impact
Heat treatment Direction ke /n¥1m2 kg /mm? % % Y% kgm
73-0 893 21-2 610 82:0 64
850°Cx2hr W.G | Long. 738 90-5 20-0 625 81:6 89
wvcxow o] mam | 83 | B3 | &2 | B3 | aw | 33

* 0°35C, 0°29Si, 0-72Mn, 0°14P, 0°085, 107 Cr, 0'17 Mo
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Appearance of fracture surface of a medium
fractured

Photo. 1.

carbon low alloy steel that was
brittle.
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Photo. 2. Appearance of corner cracking in a steel
bar due to insufficient ductility in the
radial direction.
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