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1. Introduction

As iswell known, historically, water
was the first cooling medium used for
guenching of steel. Later, minera oils
became the most common quench
media.  Then, quenching in water
polymer solutions and a high-pressure
gas quenching method were introduced.
Nowadays, a rapid water quenching
method is used more seldom than a slow
cooling gas quenching process. The
mainreasons for thisarethe following:

0 High prabdhlity of part aracking when

quenchingrapidy inweter

0 High pat dmedod ad dge

ddortion duetoanon-uniform codlingin
wder.

Onedfthecoauthors of this peper arigineted a
new water quench method besad on the fadt thet
quench aracking does not coour when audenitized
pats ae codad vay rgady and unifomly in
wae. Moreover, inthiscess, pat ddation dueto
quenchirg may be minimized. This new codling
mehad is cdled Intendve Quenching Process
Heandte inthe pape, itisrdared toasthe” 1Q’
method.

The 1Q method usss plan waer o low
concantration wate-sdt solution es a quendhart.
Thee wae quendats ae ewvironmetdly
friendy and much less expensve then quench alls
o waer pdymer sdluions Also, the quenched
perts do not nesd post deaning asrecuired dter all
quenching. Dueto ahigh codling rate provided by
intensvewater quenching, adegper hardened layer
can be achieved compered to dower codling rates
of al quenching or highresare ges quenching.
ThelQ process dso provides high resdud surfece
compressve dressss Bath the degper hardened
layer and the higher resdud surface compressve
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dresses improve the pat drength and faigue life
ThelQ process when gpplied to carbunized grades
of ded shartens the durdion of the carbunization
oyde With the 1Q method, dloy deds can be
regaosd by intendvey quenched carbon deds
resiting in sgnficat materid ocogt redudions
ThelQ method ispresantly sucoessfully usedinthe
USA andininda

2 What islQ method?
21 Codingrate

FHoue 1 showns a rdaiondhip bawean the
codling reteand the proetallity of quench aracking
chtained for 6mm diameler tet peomensmedeof
JS SOr440H ged (Rusian 40X ded). Asssn
from the figure the prabability of aadking is
extrandylow for thecoding ratedf 160°Clsec
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FHoure 1 Rdationdhip beween coding rate ad
quenchaaking

achieved by al quenching. For ahigher codling
ratedt 250°C /sec, 75%0 of test sampleshed quench
aracksandfor acodling rateof 300°C/sac, 10096 of
tes padmensaadked. Thisisinagreamat witha



conventiond wisdom thet the higher the codling
rate during quenching, the gregter the prabehllity of
pat aradking.

Howeva, Dr. Kobesko dsoved
expaimantaly a phenomenon thet the probstality
of quench aadking can be reduced & a fader
ocodling rate (a 400°C /==, sse Fgure 1). It was
provedtha a arate of 550-600°C /sec., noaracking
wasaosaved. Therefore, thedesred codling rate
inthelQ methad isabout 3to 4 times grester then

thecoding raeduingall quenching.

22 The reeson far 1Q diminating quench
aacks

In a conventiond water quenching prooess
thet providesa fegter codling rete compered to ail
quenching, it is nat essy to have homogeneous
coding conditions throughout the loed bang
quenched  The codling rate varies within the lced.
The vgpor blanket formation on the part surfaceis
dso nat uniform during the film-balling mode of
heet trandfer. Nonuniform film bailing on the part
uface meansthet therate of martengteformetion,
& wdl as the pat dress cadtions vay from
location tolocation, diredtly affedting theamount of
nonpredictable part didortion from heet trestment.
In ganed hegttredting pradtice, to avaid non
unifarm pat coding, the coding goed of the
quenchart is kept low, rather then high to provice
uniform codling a any location. (Nate, thet this
dow ooding regures the ue o hige
herdenghlity meterids).

In conrad t0 convertiond weter o ail
quenching, the 1Q method provides rgpid ad
uniform codling throughout the worklced  This
method credtes high resdud surface compressive
dresses low and repegtebledigortion and prevents
patsfromquencharacking.

FHoure2 howsacrassssdtion of awedgetype
Soedmen thet was quenched convertiorely in all
(@ and intendvdy in water (D). In thefigure “M”
indicates martengiic drudure, and “A” indicates
adentc drudue Duing convetiond all
quenching, the codling rae of the pat's thinner
sdtion (the upper portion of thepedimen) isfader

AcAustenite
B:Martensite

FHoure2 Crosssadtion of awedgetypegoedmen

then thet of the pat's thidker ssdtion (the lowver
portion of the goedmen). At apaint of imewhen
thethinner part sdtion randforms tothe martengitic
drudure, the thicker part ssdtion is dill audenitic
As the pat temparaure continues to drap, the
adente in the suface layas of the pat's thidk
sdion dat randoming to matenste The find
drudurein the part core can be bainite or troodite
depending on the ded hardendblity.  In contred,
the 1Q process provides 0 high coding rae thet
matendte foms unifomly  throughout the part
suface regardess of the cross sedtiond thidkness
aeding a hardened laye, like a shdl, with high
arface compresve dressss High sufece
conpressve dresses prevet pert from aacking

dnnglrtemveqﬂmng

3. Didribution of hardness

A dfference in the hardness didribution after
conventiond ol quenching and intendve weter
quenching weas investigated using round ged bars
mede of SAE 1018 and SAE 8620 deds ad
having damger of 257m All bars wee
caburized in the same fumece to the same carboon
profile  Hgure 3 shows a didribuion of the
cabon contert inthetest bersefter the carburization
process  Hgure 4 shows the hardness didribution
in the ted goedmas dtar convationd all
quenching and diter intensive water quenching. It
isdear from Fgure4 thet the materd hardnessfar
the same carbon contant dgpendsvary much onthe
codingrate Itisgpparant thet the degper hardened



Hardness HV

Carbon content (3a)

layer can be ahieved with the 1Q method
compered to conventiond all quenching. Sncethe
magids ussd have an inhaetly poor
herdenghility (Without carbourization), the quenched

depth dbtained dependson the sveity of quanch
(for thesamepartthickness).
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Hgure3Carbon distribution curvesfor Al S|
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Houre4Hardness distribution curves for
carburized sample made of AlSI
1018 steel

Foure 5 presants the hardness digribution in
the AlS 8620 9ed test sample dter conventiondl
al quenching and dter intensve water quenching.
Al meteid hes better hardenetility then
AlS 1018 9ed. Due to a higner AIS
metaid hardardhlity, there is no vaiaion in the
herdness vduesdoan to 1 mm of depth from the
pat sufaceregadessof thecodingrate Itisdesr
thet hardness differs a the degper location then
1mm for al quenched sample and intengvely
quenched sampe due to the dfference of the

codingratesof thesetwo quench methods
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HgureS5Hardness distribution curves for

carburized sample made of AlSI 8620 steel

Foure 6 howsthe hardness ddributionsafter
intensve quenching for the samples mede of AIS
8620 and AlS 1018 deds It is dear from the
figurethat the hardnessprdfiles are about the same
for bath samples throughout the dgth of about
15mm. This means the with the 1Q mathod, a
lower harderatillity sted can be used to achievethe
smehadnesprdfileasdloy ged.

4. Miaodrudure

Phatos 1 8 and b) show phatogrgphs of the
micodrudure within the effedtive case deptht 8
far the AIS 1018 ded intensvdy quenched
sarple (the micodrudure is 100% matangte),
andb) for theAlS 8620 9ed samplequendhedin
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Hgure6Hardness distribution for 1Q
method shown in Fig.4 and Fig.5

al (the micodrudure condds of martenste and
dffuson ranrdomdion produds - banite and
troodite). The carbon content & aHV550 hardness
locationisthefalowing: 8 029%and b) 042%.

5. Rdationship betwean carbon content and

hardnes

The rdaionghip between the carbon contert
and metaid hardness has ben wel known for a
long ime A grgoh showing this rdaiondhip is
presanted in nge?@ In thefigure, round white
merks indicate previoudy abtained dat®. Round
black maks represant the hardness deta aoquired
from the 10x15mm pedmas mede of JS
M415496ed. Thegpaomenswere caburized to
vaious cabon contats ad then wae codled
doanfrom 850°C inweter. These detashow thet
the carbon content of 0.28% providesthe herdness
of HV550 thet determinestheeffedtive case depth.
Aaoording to the detapresanted in the hendboook of
LO ThemoProcess Compary of Gamary, a
threddd of the cabon contat is 029% for
providng hardness of HV550.,  Acoordingly,
judgng from the data of a 100% matanstic
srudurewith the hardness of HVS47 or its carbon
content of 02% asshowninPhoto 18) and dso
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microstructures at the depth
with effective hardness of:
(a) HV547 (at that point carbon is
0.29%).
(b) HV550 (at that point carbon is
0.28%).
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the deta of 0.28% carboon conteart to have HV550
asdomninHg. 7, itispossbleto gt the herdness
of Hv550with 0.28—0.29%C by rgpid codling.

6. Benditsfrom 1Q method

6.1 Improvement of mechanical properties
Tede 1 shows medhenicd propaty detafor

three deds that were quenched in all o quenched

inegvdy in wae.  All tef samples were

audenitized a 850°C befarequendninginail orin

wae. Inesvdy quenched sarpes ad all

quenched samples were tempared to the same
aufece hadnes Regadess of the ded type

meteid mechenicd propaties weae batter dter

jant crossesaugjected to theabove carbunizing prooesses
These dda provad the cgpetility of the 1Q process to
Sorten sbdantialy carbunization cyde times verus ol
quenching

inengve 1 edtothet dfter all
Guenching compar Froto2 Urivasdjantaoss
Tabe1 Daaonged medhenicd propaties
Tensile Yield I mpact
A] II gl Quenching Strength Strength Strength Hﬂ%%%
MPa MPa Jm®
JIS Qil 780 575 113 217
SCr440 1.Q. 860 695 168 269
AlSI
5140
JS Qil 960 775 54 285
SCM440 1.Q. 970 820 150 285
AlSI 130
JS Qil 755 630 70 229
SCM421 1.Q. 920 820 170 285
AlSI
4118
quenching: the tanslle drangth wes improved by 900
about 10%, the yidd srength incresssd by aoaut 200 1

2% andimpect drengthimproved by 2to 3times
compaing to the aveege vdues of thee
paardas

62 Shorteningof carburizing processtime
ThelQTedndaogesInc authars of this pgper ad
M. Gopdl, P. Ghorpede & d, of HighTamp Fumeossof
Indig, carurized aloed of universd jaint crosses(shown
in Phato?) end quenched theminall. An effedive case
Jepth dbtaned was 15 mm. Another gt of univasl
jaint aoseswes Ugjected to a60% sharter cabuizing
processfalowed by intendve quenching patsin weter.
The dfedive cae dgath dbtained wes d0 1L5nm
Fgure8 howsthehardnessddribution intwo universd
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6.3 Improved resdua compressvedresss

A conventiond all quenching process and an
1Q methodwere gpplied to punches mede of AlS
S maaid (05B%C;, 200%S; 080%Mn;
040%aM0). Phato 3 howsapidure of the punch
ussd. Resdud surface dressesmessured dfter bath
hest trestment pocessss are presated inHg, 9. It
was dhoan thet the resoud surfece Sresses are
tendledter al quenchingandthey arecompressve
dter intengvewater quenching.
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FHoure 9 Residual stress distribution curves
for oil quenchingand 1Q

The pat svice life wes d0 evduaed. The
punches were inddled in a pressng mechine
meking 175 hdes par minute in drudurd ded.
The savice life of the intesvdy quenched
punches was 2.5 times longer compared to thet of
theall quenched punches

64 Digortion dueto hest trestment
Ore of the authars of the peper evduded a
hest trestment digortion of a pinion gear dter

cabuizng and wate-goray coding (the wate-
ray equipment provided a sevarity of quench ©
of 35nY). The ger daredeidics wae &
falonming module- 14, number of tegth- 11, wickh
of toath- 140mm. Hgure10 honsgear ddortion
bdfore and dter quenching.  The fdlowing
peramgaswere messredt the tooth leed aror, the
toath profile eror and the amount of croaning.
FHoure 10 presnisthe change of theaverage vdue
and gandad devigion of eech of the aove
paardas When dwaeadaiang the pat
ddortion, themod important parameter isa vaue
o the dandad devidion.  The less the dandard
Oevidtion the ardler the part didartion. It isdesr
fromFigure 10 thet & the quench everity of 35"
the danderd deviaion of the above paradasis
indgnificant  Note thet this severity of quenchis
comparadlewiththe codling rae of the 1Q process
Thus the value of ddartion before heet trestment
and dter quenchingis dmodt thesamewhen rgoid
ooding is goplied  This mekes possble the
redudtion of the part dgtortion by adjuding the part
grean Szes duing the mechining gpardion.  In
addiion, whenrgpid codlingisgpplied, therequired
grinding time can be shortened comparedto thet of

conventiond quench methods
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7. Condusons

A dsusson rggadng the dfferences
betwean conventiond ol quenching method and
intengve water quenching method was condudted.
Theadvantagesof thel Q processareasfdlons

1) Rapid coding provided by thelQprooess
producss resdud uface compressve
dressssthat protect thework from quench
aaking

2 ThelQtedhndogy dlowsrepladngdloy
deds with cabon geds becaue 1Q
method provides adesgpar hardened layer
comperedto conventiond ail quenching.

3 ThelQ process dlows shatening of the
cabuizationcyde

4) The usedf thelQ tedhndogy improves
thesavicelifedftod deds

5 ThelQ prooess reduces the deviation of
ddortion.

6) 1Q mekes it possble to tighten the
mechining dmadons by minmizng
Oeviation of dgortionater guenchingand
post-hest tret finidhing.

7) Sncethel Qtedhnology usssweter asthe
quendat, it is an ewvironmatdly
friendy process and thereis no need for
pos-deaning of theparts

The 1Q tedndogy hes been goplied to a
vaidy of 9ed pats ddts pinions huss, ool
guings ad tods. As of Mach 2008, the 1Q
method hes bean sucoessully gpplied to 23 types
of ded produds It is expedted thet the 1Q
technalogy will contributesgnificant bendfitstothe
hegtregting incudtry.
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