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The Effect of Specimen Shape on Heat Transfer Behavior During Oil Quenching
PR EA T IR ReZT KA 1T I s
WATANABE Keisuke, NAKASAKI Morihiko, OMURA Satoru and YAMADA Shigenori

Synopsis: Quenching process for the production of high strength parts often causes a problem that the shape accuracy

is deteriorated due to non-uniform deformation of the precisely machined parts during heat treating. It is known
that the deterioration is caused by cooling conditions such as the part-shape, stacking, and agitation of coolant.
The generation and collapse of vapor film during oil quenching process affect the cooling behavior of product.
Understanding of the vapor film behavior is important to elucidate the mechanism of inhomogeneous cooling.
To obtain accurate estimation of deformation and residual stress after quenching of steel materials by heat
treatment, it is essential to actually measure the heat transfer coefficient at each part of the steel materials during
quenching. In this study, the vapor film of the shaft specimen and the stepped-shaft specimen was observed,
and the actual measurement of the cooling curve was carried out by laboratory experiments. Based on the
experimental results, the heat transfer coefficient of each part of the specimen was calculated, and the effect of
the shape of the specimen on the heat transfer behavior was clarified. As a result, the vapor film stage period
at the edge of the specimen was shorter than that at the center. The edge in the large diameter part was cooled
more slowly than that of small diameter part. In the different diameter connection part, the vapor film collapse
was accelerated due to the earlier collapse of the vapor film at the adjacent edge of the large diameter part.

Keywords: heat treatment; quenching; steel shaft; vapor film.

BEISHEET DHOICIE. BANKOREEZEMIICEIT DR

1.¥#8

BEBEEEICHITIDEVILDETEEESSE LT, ¥
PP T NEEDERITITT L. BRUEDBREEBRAATR
RBEDELNROENT D, ZNODERDAKENSH
BANICEDBIEERLIBA R D=0, W8 - BLESTFO
BEELTHRUBZETORERARRE ZNICED < HEDIL
EHRHONTI\D,

SEEHROEEICATRERANTIZECIE. BEMNL
LIB@AELBICBNTRE—ICER T DI ET. R
BENBLT 2RENHD. ZOREEITEE L THRROF
R, BEPEASREDHR, BIAEDBEANZMICH
SAHDRH—ICLDZENMENTIND'?Y, F=. &
ANBOERTREOFEE. BIELIRADSHRIEI—HKLED
BEEELTETSNDSY,

SMEANBDERPEBISAICDINT, BB I 1
L= 3 VICEBBIANTONTERLSY, ZNoe5HE

TEGRMOEANRTRTHD, LNL. REOEGREE
TAVICENTREANBOEMZREELART DI L
P, ZAJUREBZHET DI LIIBTHTHL BRLEZTE
DIRIFEICIIZ < DREBEOABEM B DRERICIKEL T
NWDDHIRIKTH D,

ZITSEL v 7 b REmEERUCEIRERAR. B
GEREBRFZEREL T, SRERICK I EIUREE.
AEIREOERAZIT Ol ZL T, RBEHERZE EICHER
REEMIDRCERBRZREL . ABRATRIADERED)
ICRIZTEEICDNTRIEL

2. RERAGE
RRICI. CABANSHENERB Y& o, A%

BONEZFIg. 11IR9. AREL. ABIL THIEZE.
A, HEBN DL, IFESIRICEIIIIEHRAZ R

1R BREVY— Em - RIERE JOEBEEIN-—T
2 MR- BEEVY— BR B (I

*3 RAFHRARM V) UEAE

¥4 ZZFHATH RIE - MY EERMERER

29

Sanyo Technical Report Vol.28 (2021) No.1

LN TIRO L H |

SRFE

(]| [#=



oADK |

£
5.3
filir

[ |z

SHEANB OMEREICRIBIHBAE RO E

Control
panel

Observation

window

Fig.1 Appearance of cooling capacity measurement equipment.
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Fig.2 Shape of specimen and temperature measuring points.
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Fig.4 Transition of vapor film during quenching for shaft specimen
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Fig.5 Measured cooling curves of shaft specimen.
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Fig.6 Transition of vapor film during quenching for stepped-shaft specimen
(positions from “d” to “I" are the temperature measuring points).
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Fig.7 Measured cooling curve of stepped-shaft specimen.
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(a) Shaft specimen (b) Stepped-shaft specimen

Fig.8 Comparison of vapor film during quenching between
shaft specimen and stepped-shaft specimen at cooling
time of 7 s.
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Fig.9 Numerical simulation models.
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Fig.12 Cooling curves of stepped-shaft specimen.
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