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Quench Cracking in Steel and Its Prediction Using Simulation

AR =

Kyozo Arimoto

Synopsis: Quench cracking is a brittle fracture phenomenon, and its occurrence depends on not only stress changes but
also mechanical characteristics in steels. Since the simulation of quenching processes has become possible in
recent years for studying the quench cracking, some case studies on the phenomenon have been accumulated
as described in this paper. As the result, it has been confirmed that quench cracking in steels occurs from
induced tensile stresses in the martensitic regions of quenched parts. More systematic studies are required to
understand deeply the mechanism of the crack generation and to provide a strict criterion for the crack
prevention under the fracture mechanics. However, this review suggests that the current simulation technology
can be used as a practical tool to find a way to prevent quench cracking under a reasonable criterion based on
some limited investigation.
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Table 1
Chemical composition (mass %) of tool steels?.

Steel C Si Mn P S

SK6 0.73 0.31 0.34 0.013 0.015

SK5 0.82 0.30 0.41 0.013 0.016

SK4 0.94 0.21 0.44 0.017 0.021

SK3 1.05 0.24 0.38 0.021 0.016
Table 2

Results of quench cracking tests using tool steel specimens® .

Austenitizing

temp. (°C) SK6 SK5 SK4 SK3
900 o o o A
950 o o A A
1000 o A X X

o:No cracked, A: Partly cracked, x: All cracked

Table 3
Chemical composition (mass %) of bearing steel® .
Steel C Si Mn P S Cr
SuJs2 0.98 0.30 036 | 0012 | 0.006 | 139

Table 4
Results of quench cracking tests using bearing steel specimens®.

Water Oil cooling period (s)
quenching 5 10 15 20 30 60
o o o X o o o)
o X X X X o o
O X X X X [¢] o

o:No cracked, x: cracked
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Fig.1 Grooved ring specimen and observed quenching
cracks' .
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Fig.2 Effects of Mn and C in the Mn steels and of Ni
and C in the Ni steels on quench cracking
sensitivity'® .
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Fig.3 Cylindrical specimen with a drill hole™® .
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Fig.4 Quenching crack around the hole in a cutting
surface'® .
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Fig.5 Effect of alloying elements and hydrogen on index LA™ .
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Fig.6 Finned specimen and its quench cracking'® .
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Fig.7 Structure of heat treatment simulation system.
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Fig.9 Fracture toughness in heat treated steels®® .
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Table 5 Hydrogen content transferred from quenchants® 37,

Hydrogen
Steel Strength . Bolt size Heat treatment conditions co};lceriration
type classification
(mass ppm)
860 °C-0Q 0.910
10.9 M20, /=50 | 860 °C-OQ and 520 °C-Temper 0.159
JIS (WO) ]
SCM435 860 °C-0Q 0.599
12.9 M16, =50 | 860 °C-OQ and 490 °C-Temper 0.092
(WC) '
Boron . 860 °C-0Q 0.872
steel 109 M6, I=45 865 °C-WQ 0.352

0Q: Oil quenching, WQ: Water quenching, WC: Water cooling
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Table 6 Results of cracking in S45C steel specimens by different finishing methods*" .

Finishing method | Specification | Ry (um) | R, (um) iigﬁf;;fg;a%igs ts)
Grinding WA#46] 1.0 0.75 3
#800 0.15 0.13 0
Emery paper #320 1.1 1.0 0
#240 22 2.0 6
WA#3000 1.1 0.88 2
Lapping C#800 24 2.0 2
C#500 3.0 2.9 8

R.x: Max roughness depth, R,: Ten point height of roughness profile.

This table was produced based on the information in the original paper.
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Fig.10 Circumferential stress distribution in SK tool
steel specimens*? .
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Fig.11 Circumferential stress distribution in SUJ2
bearing steel specimens* .
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Fig.12 Circumferential stress distribution in SKS3 tool
steel specimens*? .
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Fig.13 Crack occurred in the stepped cylinder during
water quenching*® .

Sanyo Technical Report Vol.20 (2013) No.1



FESY FIORENRBRICHL T IaL—23 Y
Z#EAL, Fig.14 (@) ORINSRADMAEICHSITDHE
BEREDDIFEZE{LZFig.14 (b) ISRITELDICER. K
ENBEEMUBIOENRIICHENTIE, BANESASOIFR
THEF@RAIICEEDE—INELD. B, 31
L—2 3V ERTIE, RIDUETOVILT YA MERE
I354sDIFR TR T LTS, UEDBRICEDE, 51K
WHDE—IENAEROREEINICES LICTREEL HD
EDEENBENTIND.

ol

(a) Output points.

73
w2
o
E=]
"
'—8_200 F'\ / —point 1
Saa00 -\ / — —point 2
\ / ===-point 3
600 ~ = - point 4
-800 L L L L
0 100 200 300 400 500
Time, s

(b) Radial stress changes.

Fig.14 Simulation for a circumferential crack occurred in
the stepped cylinder during water quenching*® .

Fig.15 Cracks occurred in SK4 steel disk with an
eccentric hole by water quenching*® .
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Fig.16 Simulation for crack occurred in SK4 steel disk
with an eccentric hole during water quenching*® .
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Fig.18 Micrograph of crack in JIS S55C steel
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Fig.19 Simulated results along groove surface during cooling*® .
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Fig.20 Simulated radial strains along groove surface during cooling*® .
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