1 SPECI FICATION Title of Invention: LUBRI CATING O L FOR ROLLI NG AND

ROLLI NG METHOD Techni cal Field [0001] The present invention
relates to a lubricating oil for rollilng and a rolling nmethod using
the lubricating oil. Background Art [0002] A rolling process is

a type of plastic working process in which a die serving as a rolling
tool is pressed against a material to be processed to nold the
material into a desired shape while rotating the material to be
processed using a frictional foPEBCARdCATLANgential force. The
advantage of this rolling process is as follows: rolling can be

per f or nredinhel efi ipaeniagna EURPLESTINE PEsi H0B| ROLELENG; ANOt ROAGING
debris is not generated unlike a cutting process, and therefore, a
mat er i al MEDHDOP processed can be saved; and a step of producing a
processed product is sinpler than when using a cutting process which
further requires steps such as grinding, heating, or the liKke.
Accordingly, the rolling process attracts attention in terns of
resour cersamhngaandikemgr ovenent of production 2 efficiency.

On the other hand, a lubricating oil to be used for rolling is

requi redibgohave hi gh working performance under severe |ubricating
conditions as follows: tool wear is reduced, and at the sane tine,
the shape of arprocgsaehPr oHEh i Sn cRRNLRIdedro aRd fugdedsiddeoil
surface roughness of the processed product is inproved. Therefore, as
aconvenglanab1iohtl 804! +811 4R (3ELBE BLLnMNLER GARLALASIAR oil.
oi liness Irinprover and an extrene pressure agent to enhance the

wor kabi lity has been used for the purpose of enhancing the working
performance and prolonging the Iife of a rolling tool. For exanple,
Pat ent cunent 1 discloses a rolling oil containing an oiliness

i mpr over ﬁﬁggﬁﬂantbgﬁe pressure agent such as a nonoester, a
dicarbox¥lgbg a t hiophosphite, and a triazol e conpound.

Furt her, 1P {he same reason, conventionally, as a lubricating oi

for rolling, a lubricating oil for petal working such as .a cuttin
oi | which cont&i nsCahiby| i eSS Fprover? add/Rh é%%réﬁ@sﬁﬂééswpék&ggnt
and has high working performance is often diverted for a lubricating
oi | for PBPFEAG. 1Forhéghnpl 81ej Gepyiadt apoduieAt 1R%ak@OPaténpressed
Docunent 3, it is described that with respect to the invention of a
cutting agkinshe xuretagiall twanbal Srasesgiagertedmodd rigre | Agtesdal

for exanple, paragraph [0109] of 3
into a desired shape while rotating the material to be

processed using a frictional force and a tangential force.
The advantage of this rolling process 1is as follows:
rolling can be performed while imparting a compressive
residual stress; cutting debris is not generated unlike a
cutting process, and therefore, a material to be processed
can be saved; and a step of producing a processed product
is simpler than when using a cutting process which further
requires steps such as grinding, heating, or the 1like.
Accordingly, the rolling process attracts attention in

terms of resource saving and improvement of production



Pat ent Docunent 2, and paragraph [0158] of Patent Docunent 3). [0003]
On the other hand, a rolling process is applied to a threading
process, a gear cutting process, a gr@oving process, a burnishing
process, etc., however, high working performance is required for al
processes. Anmong the rolling processes, particularly, a worm
rolling process whose difficulty level is considered to be high is
required to provide a processed product having a hard tooth surface,
a smal | sdffigéencyughness, and hi gh gear accuracy. In order to
meet such a requirenent, it is experinentally known that as a rolling
met hod for inpPovithg tdtehqgeahamdcuradypboficatwbomoid rtgd |hagurethd@ri n
which a rolling amount, that is, a die push-in depth per one

oper ati omoild ingduced;eqrnidcat tdehzaerehighewoakdhg petdbiroanspeeddes
increased is effective. However, it was found that in the worm
rolling peoeees, lubracdténgot@ndit speed dss ifndleased, tpekl ivepOCAE S
in a bottomportion of a tooth surface of a worm |n other words,
peel i ng eeauesd,n @ndobtormmor $ana efima,t ogid suebpace Of at heocelslsed
worm resulting in obtaining a processed product having poor

appear angeodieite oML coh h-61 PE.) | BAdPRRNAIRIIQN ErdNghrBaceURYIREIRE s
even if the extrene 4 pressure property or the like of the rolling

oil is ephapged rg@gsggghggrgﬁgg gltg%yfg@eus that a solution
t heref or has nop yet been found In light of such a

si tuation, forTﬁeEg%ggglng géOCQ§s C%ng%%&lgﬁgﬁlngrBEQE

groovi ng process, urnhi shing process, or t li ke ﬁ%brlcat|ng

of| Tor n8bling ana a0l g, f@w@dﬁmvmg 0y Hsgswﬁfﬂgmer and_an

perfornance ave articu ar ricating oi
for wormrolling and a morn1r | 1ing nethod V|n i (ki
accuracye§%5e8§p§ﬁﬁgﬁﬁr s?%ge?%%n%%cur?en rﬁ 1%2§V|ﬁg%|§%§n
botton1port|on of ahtooth surfac qye been ftrong % denand to be
proposed 5B dOTAr tRPoRHIBRES Bt sttt [ YBEALD Batpeerﬁ

1: WO 2009/119669 Pat ent Docunment 2. JP-A-2005-187650 Patent Doc nent
3. JP- A 2005 SN GEmERY df fEnet ndemAdn S oS t 0FBE  SHARY Sy

the Invention [0005] An object of the present invention is to provide
a Patent Document 1 discloses a rolling oil containing an

oiliness improver and an extreme pressure agent such as a
monoester, a dicarboxylate, a thiophosphite, and a triazole
compound.

Further, for the same reason, conventionally, as a
lubricating o0il for rolling, a lubricating oil for metal
working such as a cutting oil which contains an oiliness
improver and an extreme pressure agent and has high working
performance 1is often diverted for a 1lubricating oil for
rolling. For example, 1in Patent Document 2 and Patent
Document 3, it 1is described that with respect to the
invention of a cutting o0il, the cutting o0il can also be

diverted for rolling (see, for example, paragraph [0109] of



5 performance, particularly a lubricating oil for rolling having high
wor ki ng accuracy and capabl e of suppressing the occurrence of peeling
in a bottomportion of a tooth surfacé of a wormin a wormrolling
process so that the appearance of the tooth surface can be inproved.
Anot her obj ect of the present invention is to provide a rolling

met hod havi ng hi gh wor ki ng perfornmance using the Iubricating oil for
rolling. Means for Sol ving the Problens [0006 pr esent

i nvent or SafredéE DeCcesnfe St 1RNEPIRIEIH elPh 81h@fa86§§n6bF@€P§en§nd
as a result, they unexpectedly found out that by using a lubricating
oi | haviﬁg-a friction coefficient of a predeterm ned value or nore as
a lubricating oil for rolling, the above-described objects can be

ef fecti vélPP0&dhi eved. The present invention has been conpl eted based
on this finding. [0007] That is, the present invention provides:

1. a lubricating aghe fodtherolHamy cont@lhing procees al s oabpanddokoaa
synthetic oil as the main conponent and having a friction coefficient
of 0.2 okh@eading procédsstheal upsacatdmgtind frrodedd,i ng agroodiing
to the above 1, wherein the lubricating oil has a friction 6
coeffici gabceksh,r eamirhitshihdtprocess, 3etéhe hobevreal i Agghi Wwolrting
rolling according to the above | or 2, wherein the |ubricating oi

has a ki B%%b'rﬁawc%CQ%' e qati r4eC ek farlqnb%otc@sé%smm/s - 4. the
| ubricating oil for rolling according to any one of the above 1to 3

further contaigj, g2 £ré ction Goef biroleRkelsIPr 8¥ticularly, 5-a t h®rn
| ubricating oil rolling according to any one of the a ove 1 to 4,

wher ei n Egﬁllgg %%Hdgé(%ﬂoéésd%?%&%#ﬁﬁ%higégings QSﬁE%GHEEHnQO be

gr oovi ng, |sh|ng, bricating oi I'i ng

.aCCOI’ di ng(ﬂgg anél Pe P?LG&h%Oa%%vOeVl]dto Spr\g&% 'e@l t&odﬁj@{ : ﬁ%ﬁ.ﬂg %I !

is used Worm T o

hard tooth surface, a small surface roughness, and high
gear accuracy.

In order to meet such a requirement, it 1is
experimentally known that as a rolling method for improving
the gear accuracy of a worm, a rolling method in which a
rolling amount, that i1is, a die push-in depth per one
operation is reduced, and at the same time, a die rotation
speed is increased is effective.

However, it was found that in the worm rolling
process, 1if a die rotation speed 1is increased, peeling
occurs in a bottom portion of a tooth surface of a worm.
In other words, peeling occurs in a bottom portion of a
tooth surface of the rolled worm, resulting in obtaining a
processed product having poor appearance. Moreover, this

peeling phenomenon cannot be suppressed even if the extreme



7. arolling nmethod using the lubricating oil for rolling according
to any one of the above |I to 6; B. the rolling nmethod
according to the above 7, wherein the4rolling is wormrolling; and

9. the wormrolling nethod according to the above 8, wherein the
rolling is performed under the conditions that a die push-in speed is
fromO0.02 to 8 nmMls, a die rotation speed is from5 to 550 rpm and a
di e peripheral speed is from0.04 to 3.14 ms. Effects of the _

| nvent i oRregsure proapesEdi ngrt othde biksef i Mheént itod 1 1&9 ubiilcatSng
oil for rolling having excellent working performance, particularly a
| ubri cat ERBaBredf orand| |they ABYFAGLhi FHEUDEIGHg léccbhﬁgy an§odusabre
of suppressing the occurrence of peeling in a bottomportion of a

t oot h suthatefoft hawonpti yed weem fobhidnguprocess so that the
appearance of the tooth surface can be inproved can be provided.
Further, accoldi hjjght dliespcbsensiknatnbhepnfoa rokhirrgdimghpdokagsng
hi gh wor ki ng performance using the lubricating oil for rolling can be
provi deda Brdeaef Gestihgt pavcekshr awi ggso00g§9process, [&i purbliskigg 1
is a view showi ng the shape of a tool (a round die) used in Exanples
of the ppesesdksi nwenttirn.like, a f[bbgicdkihbg.oild ifor ¥bdEW BHowhaga
the shape of a material to be processed used in Exanples of the

present iBYeRhiOhe thEBOGFBAMNS HfgHdre wowentd opet BOLRInELURE 8abERE
Gl for Rolling] The present invention is directed to a

lubri cat g albqof ora Q! Ide cantaini ng 2 mpetabt@hl addl orry  worm

synthetic oil as the main conponent” and having a friction coefficient

8 rolling and a worm rolling method having high working
accuracy and capable of suppressing the occurrence of

peeling in a bottom portion of a tooth surface have been

strongly demanded to be proposed.

Prior Art Documents

Patent Documents

[0004]
Patent Document 1: WO 2009/119669
Patent Document 2: JP-A-2005-187650

Patent Document 3: JP-A-2005-272818

Summary of the Invention
Problem to be Solved by the Invention
[0005]
An object of the present invention is to provide a

lubricating oil for rolling having excellent working



of 0.2 or nore. Hereinafter,alubricatingoilforrolling (hereinafter
sonmeti mes abbreviated as "a lubricating oil") of the present
invention in the case where the rolli®g is wormrolling will be
descri bed. The lubricating oil of the present invention
contains a mneral oil and/or a synthetic oil as the main conponent.
The mai n conponent as used herein refers to a conponent contained in
an anmount of 50% by nmass or nore, preferably 60% by mass or nore,
nore pr ePeraBIang®y byPphsicotakdye,a patbirdGeaing ppit erkdl y rodd%ipy
mass or nore with respect to the total anmount of the lubricating oil.
The mai nhegdpondrghmap rkd ngogcaivradyi angn capatne of BOOWLe Siags thien
ot her words, the lubricating oil may consist of a mneral oil and/or
a synt hebiccuairence004£f] peeling@\s irhe am hetabmoi portoenexaiplee, tanth
at nospheric distillate fraction of crude petroleum or a fraction

obt ai ned shy feaeuunt dastwdrmat imnaofwcam atobbjher pcocesisdu obhat nétheby
at nospheric distillation, or a naphthenic mneral oil or a paraffinic
m neral abbeabhaiceed thyt hpurtichitbatsuefack suahba fimacbiver .t hr ough one
or nore treatnents such as hydrodesul furization, solvent

deasphal ti ng, sahyenktexbbaekiton,thytieo pragkntg i nkiggtodewds ng, pielniert
dewaxi ng, hydrorefining, a clay 9 treatnment, and a sulfuric acid
treat ment N 1heLxRIHId ety ifYrh gk , wérk@gl perebkageckSapanaf ftinki ¢
mneral oil (a waxi sonerized mneral oil) obtained by isonerization
of a m neral iehlihased (wa% capihgpreferably exenplified. [0012]

On the other hand, "as the synthetic¢ oil, for exanple, an aliphatic
synthetic oil such as pol ybutene or a hydrogenated product thereof,
an a-olefin oligonmer (a poly-a-olefin) having 8 to 14 carbon atons
such as &éag%c%gg g%hggg@rth%rP§O%x%%%genated product thereof; an
aromati ¢ synthetic ol "sdch ‘as “an "al'kyl benzene or an al kyl
naphthalzggﬁg? napht heni ¢ synthetic oil such as a hydrocarbon having

a cycl oh ring can be exenplifi ed. Anong t hese mnera
oils and synthehic oi | s, naﬁhthenic mneral,oil, a ar%ff]nic £
mneral oil, poP§buPERESBF alRVBRbYERat B Dr oG I hET esT UGS Sin Tor

a-olefin oligoner having 8 to 14 carbon atons or a hydrogenated
product BRBLEFENGs FH&F erdRaye [RRBICEs,  andpy gRe Pubreedtitng dibeYof
t he present invention, one type of mneral oils and synthetic oils
can be u¥BEexrE6HEEIZY t houBd itte Thpés RY¥| estiew f pord Prieke bing dn
be used in adm xture. That is, one type or two or nore types of

m neral bavéngay berigetonopectfypeiontt wd ;¢ poedetgposned FpatRetdc
oils may be used, or one or nore types of mneral
more as a lubricating oil for rolling, the above-described
objects can be effectively achieved. The present invention
has been completed based on this finding.
[0007]
That is, the present invention provides:
1. a lubricating oil for rolling containing a mineral
01l and/or a synthetic o0il as the main component and having
a friction coefficient of 0.2 or more;

2. the lubricating oil for rolling according to the

above 1, wherein the lubricating oil has a friction



10 oils and one or nore types of synthetic oils may be used in

adm xture. [0014] The lubricating oil of the present invention
is required to have a friction coeffi® ent of 0.2 or nore. If the

| ubricating oil has a friction coefficient |less than 0.2, the working
performance may be deteriorated. For exanple, if a lubricating oi
having a friction coefficient less than 0.2 is used in a wormrolling
process, sliding may occur between a material to be processed and a
di e to cgasdpedleinggofn faoBotlt-@mtPoPt-dén of a tooth surface of a
rolled worm and therefore, a processed product having poor

appear ance may3be gireodudeiicating @hlt Herotdedrl imshdacediediippekol ithiet
of the friction coefficient of the lubricating oil is not

parti cul abbyel ilmded?, hehevein fthemlitbe ivdasvipagi mibfhaase d&finematic
avai lability, the upper limt thereof is preferably about 0. 4.

Accor di nghi¥cokhe yf mitcuioon eeefiomi entooisthez/gbricating oil of the
present invention is preferably fromO0.2 to 0.4, particularly
preferably from,0.tHe tDudrdAéating oil for rolling according to any
I nci dental | y, t heabove-descri bedfriction coefficient is a value

obt ai nedohy nEAS#hRMEMoRECAr didd 3,0 tern&pdaohtre nperdud umrtiesti on
met hod" defined in JASO-M 314- 88 under the conditions that the oi

t enper at upe rirg QG+ [@Rlekerdl The lubricating oil of the
present invention preferably has a kinematic viscosity at 40C of from
2 to 15 mR/s. clf e ki I I SEOSI t I i LI
40Cis 2 m2/ 556r ttr}r%r ei,%t er eﬁ&gngggeaf%xo%fodleltqgﬁ g%’%%f%%irg? ?%ea%ty
wor kabi | i of t | ubricatj ng_oij . £V r at.i,on Sy & i f;

t he Ki ner?%t%i cgli/i E@%silét%ft eir eg at’ 2‘8%%%”?5%%%271511%1 ée)czlzrfgtﬁg%eliss
al so no fear, of excessive increase_in.the flow r.esistan f. .

| ubri cat Pﬁ&do%f’.r EREGRAINGy ORed. SRSt e FECOY Iie 0 04 %’?rglflsg‘ﬁgg'

| ubricating oil at 40C is nore preferahly fr 3 to_ 10 /s.,.[0016
In the presentGrnJ%ﬁiE%,I??ﬁt%ﬁ% Bbip%gé(ﬁéﬁﬂﬁWQKﬁc?%€$%% i hg Rk
friction coefficient of the lubricating oil, fricgtion coefficient

i npr over °8&n Ye Bh%nd‘g’(?.veRe]pr EQerﬁ'ath}%r%k%nﬁsés ]dfcblfltféatflrri%t?b 1s
coefficient inprover in the present invention include a netallic

det er genttsgAld fTbWeYE dP2 12 hept ane deri vati ve. Preferred
exanpl es of the netallic detergent include a sulfonate, a phenate,
and a salicyl aflfe contgldiing dncBrRAl Usd nGar Ehe mEfRIrisedings Thl M9r
or Ba. These may be neutral, basic, or perbasic. Above all, Ca

sul f onat eplCanghexabediGy $al iaoyl ane, odndhieh@boviee,l dacl®i;of which is
perbasic, for exanple, has a base value as neasured by a perchloric
aci d net hod of 8200thgKCOH bl Ong nowes;hatbr eccb2 dpmef ecabl h& 00 mgOH Ty
or nore, particularly from300 to 500 ngKOH g, are preferred, and Ca
sul f onat @hies epar ttheulrarlliy nor afsemioath roQQlidlg; and

9. the worm rolling method according to the above 8,
wherein the rolling is perfofmed under the conditions that
a die push-in speed is from 0.02 to 8 m/s, a die rotation
speed is from 5 to 550 rpm, and a die peripheral speed is

from 0.04 to 3.14 m/s.

Effects of the Invention

[0008]



Furt her, pref erredexanpl esoft he bi cycl o[ 2. 2. 1] hept ane derivative

i ncl ude conpounds having two or nore bicyclo[2.2.1] heptane rings.
Above all, for exanple, conpounds havi/ng two bicycl o[ 2. 2. 1] hept ane
rings and al so having 15 to 22 carbon atons in total such as 2-

met hy1- 3- net hy1- 2-[ ( 3- net hyl bi cycl o[ 2. 2. 1] hept - 2-

yl ) met hyl ] bi cycl o[ 2. 2. 1] hept ane, and 2- net hyl- 3- net hy1l- 2-

[ (2-met hyl bi cycl o[ 2. 2. 1] hept - 3- y1) net hyl ] bi cycl o[ 2. 2. 1] hept ane are
preferred. [00RgFording tppthikeDFessant lNTVeaALPoNn, 2oAebryse tdndt we lor
nore types of friction coefficient inprovers selected fromthe

above- degeri bedofgtiald i c hastiaggentexcgrd ebitcy cWefrkingl] hgrdegmance,
derivatives can be bl ended. The bl endi ng anmount of the friction
coef fici eatrtiioplavdy i 8 preberabtingramll for3026byinmsdiawigre high
preferably from3 to 20% by mass, further nore preferably fromb5 to
15% by mass kingh acespecty tand heagattld affosnppoéstihegl tthei oatiumg enicle

I f the blending anount of the friction coefficient inprover is 1% by
mass or BEr pecainef fiecta dbtiwid hertephand rg tbhehf suetfiaer odeff woirant
i s observed, however, even if the 13 blending anount thereof exceeds
30% by nmass,a awsk@iniddicany ephassesert ofhdthetrabl eglpearhirtde i 6f the
economcally worth the increase in the bl ending anount, cannot be

expect edtob@B18hirface cahnvleh@mpwriceatbdang el brbeikeqused in the
present invention, other various types of additives may be bl ended as

long as the frbaﬁsitﬂer(;oefafacgr%ﬂtngsa_tﬂ&fi@ﬁethﬁréggﬁ'é:dga%htegen, a
requi renent. Exanples of such additives I nclude an oiliness inprover,
an anti oxi.dan Si .L.nhibi t.or Oy nt. ; n
Exanples§g §%hg gV%?%%gsh?%ﬁbgvég'Iﬁcwaggg?gtgﬁiacié nﬁ%ggg%é?% the
obt ai ned,from an.ali tic._car | J Ci Vi 2 to 24 carbon
atons an u%%lgﬁFﬁﬁgiggﬁaFggh%Pqﬁgéﬂk%a ?% %%Ogg%§§ﬁ atons such as
nmet hyl stearate, butyl stearate, octyl stearate, and octyl

pal m tate. The bl endi ng amount of the oiliness inprover is preferably

from1l to 20% by mass, ,rmrefprefer,ably from3 to 15% by nmass with
respect P&1Ehe PBSCAFPLHOINC TP ¥90ri cating oil. [0020]

Exanpl es of the anti oxidant include phenolic antioxidants such as
2,6-di-tépppﬁﬁtyl-4-nethylphenol and
4,4'-nethylenebis(2,6-di1tert-butylphenol%;anine-based anti oxi dants
such as 4, 4' - dil&égyl| dil pRédy| anilge a4 View gheyipadithite Se®s R&, aak@ol
phenyl - a- napht hyl am ne. The
(a round die) used in Examples of the present invention.
[Fig. 2] Fig. 2 is a view showing the shape of a
material to be processed used in Examples of the present

invention.

Embodiments of the Invention
[0010]
[Lubricating 0il for Rolling]
The present invention is directed to a lubricating
0il for rolling containing a mineral oil and/or a synthetic

0il as the main component and having a friction coefficient



bl endi ng amount of the antioxidant is preferably fromO0.05 14 to
3.0% by mass, nore preferably fromO0.2 to 2.0% by mass with respect
to the total amount of the lubricating oil. Exanpl es of the
corrosion inhibitor include benzotriazol e-based, benzi m dazol e-based,
benzot hi azol ebased, and thi adi azol e-based corrosion inhibitors. The
bl endi ng amount thereof is preferably fromO0.05 to 10% by nmass, nore
preferably from0.1 to 5% by mass with respect to the total anpbunt of
t he | ubr Péafi-Agosi more. Further, exanples of the defoaning agent

i ncl ude di nmet hyl pol ysi | oxane and fluoroether. The bl endi ng anount

t hereof is preflerabhpftesm 0. 0001wy 1dWs IR nasell nor é0pr ef EPABARY
fromO0.0001 to 5% by mass with respect to the total anpunt of the

| ubri cat i(hgreiihaft@®2 BonjeRamasngalitehoidted as Taelubklicaginet kad”of
the present invention includes rolling using the above-descri bed

| ubri cat bifig thid dmwesemt | imgention iffthéheoldasey whettwdthackallésng is
t hreadi ng, gear cutting, grooving, burnishing, and the |ike. Exanples
of the thoeadrnglingl wdell daddseeewbkdr.eadi ng and bal |l threading;
exanpl es of the gear cutting include wormgear cutting; exanples of
the grooving i makudabvaeyitAggpotichodr e8¢ pGesand exadplesnoloht@ins
bur ni shing include gear burnishing rolling. 15 [0022] In the
case whegeptherkol bing amel/bed ausiynghthecl bbni aat ikRg Qklinf ebmbehkihig
of the present invention is wormrolling, rolling is preferably

per formed undegpthenbohl i pgnpeRdhii 0Rs thakqa fieechUshriRsRECE, and
a die rotation speed and the |ike satisfy the follow ng requirenents
(1) and D e Rush:dp Spe Thesdigop - peed. |

pref er ab%)ﬂPPgrén}%. ch) to glér#s,ﬁpm%ge arl)nroe etr gkgfyggfo%%}g.dé&t% (gg Igf%e( 2)
D e Rot aj.l d Die Periphe Sp I & kOt at |
speed ish%ggFgggggy%?fo§&5mF§SS%% #%%Fér%ggg Efgfﬁggﬁﬁﬁgﬁgf sgég%gfs

preferabg¥ %B%@}légkéfbé&gf&§dBreferably 80% by mass or more with

respect to the total amount of the lubricating oil. The
main component may be contained in an amount of 100% by
mass, in other words, the lubricating oil may consist of a
mineral oil and/or a synthetic oil.

[0011]

As the mineral o0il, for example, an atmospheric
distillate fraction of c¢rude petroleum, or a fraction
obtained by vacuum distillation of an atmospheric residue
obtained by atmospheric distillation, or a naphthenic
mineral o0il or a paraffinic mineral o¢il obtained by
purification of such a fraction through one or more
treatments such as hydrodesulfurization, solvent
deasphalting, solvent extraction, hydrocracking,

hydrodewaxing, solvent dewaxing, hydrorefining, a clay



As described in the above (1), by setting the die push-in speed to a
smal | value, and as described in the above (2), by setting the die
rotation speed to a large value or thé die peripheral speed to a

| arge val ue, the gear accuracy of a processed product can be

i mproved. Further, by using the above-described lubricating oil for
wormrolling under such rolling conditions, the occurrence of peeling
in a bottomportion of a tooth surface of a wormis suppressed. .
Accor di n§kgatpents gossibpalfyrdGpprédsls trga thestr FéRcLofXFBRLLAd efn
a bottomportion of a tooth surface and to forma worm having a snal
surface Foughesssa vexbyspokekiagd feoreraffinicymiagyar, oddcHaawagrm
rolling nmethod provides a high yield of a processed naterial since
cutting debmesizednonigenatatedl las cbdgparesld iyt hisopevtessiony et hed
using a cutting process, and can reduce cost for the nmaterial, and

t her ef or eicamadontidi-batsed: vaxkesanr be paeifegabEyr ehempltifié epiet hod can
perform processing at a high speed and therefore can reduce the
processi mgottene as conpared with the cutting process. Furt her
the cutting process often requires a heating process or a grinding
process after partaenvAgetrhaasad]t bBgtpeOegBsheliaveven, &owokmamdlllki,ng
nmet hod as descri bed above may be able to omt such a process, and
thereforgn | h16ahadliso hereoacted dimat $ihen Wos s ppedyshiteneti Be i s
consi derably reduced. Exanples [0024] Next, the present
inventio N scrl kn r - detail W thefer
ExanplesgyﬁgggsggFg?hebgggggkt %ﬁ&%%?Fén %g bg ﬁ%gﬁégnsoﬁ? %F%g téa
t hese Ex es. | es 7 and Compar at i, v e 7

ratio sh%ﬁnn@k’i % Ta I%érmé %%%%ﬁggubgrai gé)ti%) oclaé}fk%og} E?églgﬁsng&uv\%% # 8
pr epar ed eq the chara LSt n Lcal Li

of each Pﬁggggat?%g&%¥?rmef€?n%hsﬁ&géoé%%gﬁggngp?gaﬁgg ﬁ%?%%%gﬂ ah
descri bed_bel ow and e.performance thereof val uat ed.. The

eaul t s SFEREROGn TR THabG 501 BUeR LATRCaS, PR G . BC e iydn:
conponents_shown in Table 3, follown terials. were used.

() NaphhRERE e RB: ol i | PERhAGBRLfen ST | oPFLnadie  3s 2
characteristics shown in Table 2 &2) Paraffinic mneral oil
a par af f PHPECRPREPR heVIiNHai Y SLRRLEEDE! LB §28n B SEFPatitd o8 -
(3) lsoparaffinic synthetic oil: a_synthetic oil having. .
characteristic§m§ﬁéwnthﬁs?abmén2Faﬂra@élﬁanéndlPSS@EVE%TC16?G&§' a

manuf actured by |dem tsu Kosan Co., Ltd. . _
naphthenic mineral oil, a paraffinic mineral oil,

polybutene or a hydrogenated product thereof, or an ao-
olefin oligomer having 8 to 14 carbon atoms or a
hydrogenated product thereof is preferred.

[0013]

In the lubricating oil of the present invention, one
type of mineral oils and synthetic oils can be used alone
or two or more types selected from these o0ils can be used
in admixture. That is, one type or two or more types of
mineral oils may be used, one type or two or more types of

synthetic oils may be used, or one or more types of mineral



(4) Frictioncoefficientinproverl:calciumsulfonate (manufactured by

Chentura Corporation, base value (neasured by a perchloric acid

met hod): 400 ngKOH g) (5) Frict9oncoefficientinproverll:a

bi cycl o[ 2. 2. 1] hept ane derivative (2-nethyl-3-nmethyl-2-](3-

met hyl bi cycl o[ 2. 2. 1] hept - 2-yl ) net hyl ] bi cycl o[ 2. 2. 1] hept ane

(manuf actured by ldemtsu Kosan Co., Ltd.)) (6) Oliness

i nprover: butyl stearate (nmanufactured by Kao Corporati on%D .

(7) Extreddsppagsene agemoredita®eyl opolsyslheitde ©1d s( manubgciigeed 1by

DI C Corporation) [0025] <Measurenent Method for Characteristics and

Physi cal aPmdpéitiees> (1) Friction coefficient The friction

coefficient was neasured according to the "Soda-type pendul umtest”

defi ned i[R0JAFO M 314-88 using a Soda-type pendulumtester (Mdel 11)

at an oil tenperature of 60C. (2) Kinematic viscosity The

ki nemati c vi scOhet ylubgsineasngedoatcosfi nthd 0o pS 40228 ver3)iddendist y

The density was neasured according to JIS K 2249. [0026]
required to have a friction coefficient of 0.2 or more. If
the lubricating oil has a friction coefficient less than
0.2, the working performance may be deteriorated. For
example, if a lubricating oil having a friction coefficient
less than 0.2 is used in a worm rolling process, sliding
may occur between a material to be processed and a die to
cause peeling in a bottom portion of a tooth surface of a
rolled worm, and therefore, a processed product having poor
appearance may be produced.

On the other hand, the upper limit of the friction
coefficient of the 1lubricating oil 1is not particularly
limited, however, from the viewpoint of ease of
availability, the upper limit thereof is preferably about
0.4. Accordingly, the friction coefficient of the
lubricating oil of the present invention is preferably from
0.2 to 0.4, particularly preferably from 0.20 to 0.40.

Incidentally, the above-described friction
coefficient is a value obtained by measurement according to
the “Soda-type pendulum test method” defined in JASO-M 314-

88 under the conditions that the oil temperature is 60°C.

[0015]



<Eval uation Method for Performance> (4) Wrm Gear Rolling Test (i)
Test Apparatus and Test Conditions Rolling machi ne: GA-330A,
manuf act ured by Nissei Co., Ltd. l1Die: around die having a
shape shown in Fig. 1 and specifications shown in Table 1

Material to be processed: a material to be processed having a shape
shown in Fig. 2 and nmade of 545C Shape of workpiece: worm 19 Push-in
speed: 0.14 m's Die rotation speed: 15 rpm Lubricating oilfeeding

met hod: aut omat Teal | Y ybnietinh f pém a QTbr L&t orPzRIEhed 1RFenRaon
apparatus) (ii) Evaluation Method Wth respect to a worm forned
by rolli pgefarabilghthdsoss Hieehotpeeliingosmta ladt t40Cpaertt | Dromf2ato
tooth surface was determ ned, and al so the appearance (the ratio of

t he peel @8 ameéds.of Thether miwesnashvial uaf edos{ Measufr eient 1Nbrrhodtfiog
Wi ght Loss due to Peeling) "By using an el ectric bal ance Hwv 202

nmanuf act yied By A®D ©8. 2 Linth?/st herweiddyd, ofchiehe natern@l fanmbeof

processed was neasured before and after the test, and a difference in

t he wei ghttweesodatinado&s thep@elrkapiai®ynbf the lubricating oil due
to evaporation loss, and if the kinematic viscosity thereof
at 40°C is 15 mm?/s or 1less, there is also no fear of
excessive increase in the flow —resistance of the
lubricating oil. In view of this, the kinematic viscosity
of the lubricating oil at 40°C is more preferably from 3 to
10 mm?/s.
[0016]

In the present invention, for the purpose of further
increasing the friction coefficient of the lubricating oil,
a friction coefficient improver can be blended.
Representative examples of the friction coefficient
improver in the present invention include a metallic
detergent and-a bicyclo[2.2.1]heptane derivative.
Preferred examples of the metallic detergent include

a sulfonate, a phenate, and a salicylate containing an
alkaline earth metal such as Ca, Mg, or Ba. These may be
neutral, basic, or perbasic. Above all, Ca sulfonate} Ca
phenate, Ca salicylate, and the 1like, each of which is
perbasic, for example, has a base value as measured by a

perchloric acid method of 200 mgKOH/g or more, more



(Eval uation Method for Appearance of Wrmn The ratio of the
peel ed area was determ ned, and the results of evaluation were
assigned A, B, or Con the basis of th& follow ng eval uation
criteria. Evaluation Criteria for Appearance A: The ratio of the
peel ed area was 5% or less. B: The ratio of the peeled area was nore
than 5% but |ess than 20% C. The ratio of the peeled area was 20%

or

nor e.

[0027] [Table 1] Table 1 Normal nodule (mm 2.5 Nor nal

pr essur ePAREEEP) Y1 B NBeKal/ gi oeh NoWg, 7PFCKERBERTSY tHHERJ300 to

500 mgKOH/ g, are preferred, and Ca sulfonate is
particularly preferred.
[0017]

Further, preferred examples of the
bicyclo[2.2.1]heptane dérivative include compounds having
two or more bicyclo[2.2.1]lheptane rings. Above all, for
example, compounds having two bicyclo[2.2.1]lheptane rings
and also having 15 to 22 carbon atoms in total such as 2-
methyl-3-methyl-2-[ (3-methylbicyclo[2.2.1]hept-2-
yl)methyllbicyclo{2.2.1]heptane, and 2-methyl-3-methyl-2-
[ (2-methylbicyclo{2.2.1]hept-3-
ylimethyllbicyclo[2.2.1]heptane are preferred.

[0018]
In the present invention, one type or two or more

types of friction coefficient improvers selected from the

" above-described metallic detergents and

bicyclo[2.2.1]lheptane derivatives can be blended. The
blending amount of the friction coefficient improver 1is
preferably from 1 to 30% by mass, more preferably from 3 to
20% by mass, further more preferably from 5 to 15% by mass
with respect to the total amount of the lubricating oil.
If the blending amount of the friction coefficient improver
is 1% by mass or more, an effect of further enhancing the

friction coefficient 1is observed, however, even if the



28 Lead angle () 21.7 Tip circle dianeter (mm) 191.6 Pitch circle
di ameter (mm) 186.6 Root circle diameter (nmm 183.1 [0028] [Table 2]
Table 2 Naphthenic nmineral oil Paraf¥3nic mneral oil |soparaffinic

blending amount thereof exceeds 30% by mass, a significant
enhancement of the effect, which is economically worth the
increase in the blending amount, cannot be expected.

[0019]

In the lubricating o0il to be used in the present
invention, other various types of additives may be blended
as long as the friction coefficient satisfies the above-
described requirement. Examples of such additives include
an oiliness improver, an antioxidant, a corrosion inhibitor,
and a defoaming agent.

Examples of the oiliness improver include fatty acid
monoesters obtained from an aliphatic carboxylic acid
having 12 to 24 carbon atoms and an aliphatic alcohol
having 1 to 24 carbon atoms such as methyl stearate, butyl
stearate, octyl stearate, and octyl palmitate. The
blending amount of the oiliness improver is preferably from
1 to 20% by mass, more preferably from 3 to 15% by mass
with respect to the total amount of the lubricating oil.
[0020]

Examples of the antioxidant include phenolic
antioxidants such as 2,6-di-tert-butyl-4-methylphenol and
4,4" -methylenebis (2, 6-di-tert-butylphenol); amine-based
antioxidants such as 4,4'-dioctyldiphenylamine, 4,4’ -
dinonyldiphenylamine, and phenyl-o-naphthylamine. The

blending amount of the antioxidant is preferably from 0.05



synthetic oil Kinematic viscosity (40C, mm2/s) 8.99 2.24 1.25 Density
(15C, g/cnB) 0.908 0.819 0.761 Friction coefficient (-) 0.24 0.42
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to 3.0% by mass, more preferably from 0.2 to 2.0% by mass
with respect to the total amount of the lubricating oil.

Examples of the corrosion inhibitor include
benzotriazole-based, benzimidazole-based, benzothiazole-
based, and thiadiazole-based corrosion inhibitors. The
blending amount thereof is preferably from 0.05 to 10% by
mass, more preferably from 0.1 to 5% by mass with respect
to the total amount of the lubricating oil.

Further, examples of the defoaming agent include
dimethylpolysiloxane and fluoroether. The blending amount
thereof is preferably from 0.00001 to 10% by mass, more
preferably from 0.0001 to 5% by mass with respect to the
total amount of the lubricating oil.

[0021]
[Rolling Method]

The rolling method of the present invention includes
rolling using the above-described lubricating oil for
rolling.

The rolling method includes threading, gear cutting,
grooving, burnishing, and the 1like. Examples of the
threading include lead screw threading and ball threading;
examples of the gear cutting include worm gear cutting;
examples of the grooving include varying pitch grooving;
and éxamples of the burnishing include gear burnishing

rolling.
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[0022]

In the case where the rolling method using the
lubricating oil for rolling of the present invention 1is
worm rolling, rolling is preferably performed under the
rolling conditions that a die push-in speed, and a die
rotation speed and the 1like satisfy the following
requirements (1) and (2).

(1) Die Push-in Speed

The die push-in speed is preferably from 0.02 to 8
m/s, more preferably from 0.3 to 2 m/s.

(2) Die Rotation Speed and Die Peripheral Speed

The die rotation speed is preferably from 5 to 550
rpm or the die peripheral speed is preferably from 0.04 to
3.14 m/s.

As described in the above (1), by setting the die
push-in speed to a small value, and as described in the
above (2), by setting the die rotation speed to a large
value or the die peripheral speed to a large value, the
gear accuracy of a processed product can be improved.
Further, by using the above-described lubricating oil for
worm rolling under such rolling conditions, the occurrence
of peeling in a bottom portion of a tooth surface of a worm
is suppressed. Accordingly, it is possible to suppress the
occurrence of peeling in a bottom portion of a tooth

surface and to form a worm having a small surface roughness
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by rolling.
[0023]

Moreover, such a worm rolling method provides a high
yield of a processed material since cutting debris is not
generated as compared with a processing method using a
cutting process, and can reduce cost for the material, and
therefore can contribute to resource saving. Further, the
method can perform processing at a high speed and therefore
can reduce the processing time as compared with the cutting
process.

Further, the cutting process often requires a heating
process or a grinding process after performing the cutting
process, however, a worm rolling method as described above
may be able to omit such a process, and therefore, it can
also be expected that the worm . production time 1is

considerably reduced.

Examples
[0024]

Next, the present invention will be described in
further detail with reference to Examples, however, the

present invention is by no means limited to these Examples.

Examples 1 to 7 and Comparative Example 1

By blending constituent components shown in Table 3
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at a ratio shown in Table 3, each lubricating oil for
rolling was prepared. Subsequently, the characteristics
and physical properties of each lubricating o0il were
measured according to the methods described below and the
performance thereof was evaluated. The results are shown
in Table 3.

Incidentally, as the constituent components shown in
Table 3, the following materials were used.

(1) Naphthenic mineral o0il: a naphthenic mineral oil
having characteristics shown in Table 2

(2) Paraffinic mineral oil: a paraffinic mineral oil
having characteristics shown in Table 2

(3) Isoparaffinic synthetic o0il: a synthetic oil
having characteristics shown in Table 2, trade name ™“IP
SOLVENT 1620”7, manufactured by Idemitsu Kosan Co., Ltd.

(4) Friction coefficient improver I: calcium
sulfonate (manufactured by Chemtura Corporation, base value
(measured by a perchloric acid method): 400 mgKOH/g)

(5) Friction coefficient improver I1: a
bicyclo[2.2.1]heptane derivative (2-methyl-3-methyl-2-[(3-
methylbicyclo[2.2.1]hept-2-yl)methyl]lbicyclo[2.2.1]heptane
(manufactured by Idemitsu Kosan Co., Ltd.))

(6) Oiliness improver: butyl stearate (manufactured
by Kao Corporation)

(7) Extreme pressure agent: dioctyl polysulfide
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{(manufactured by DIC Corporation)
[0025]
<Measurement Method for Characteristics and Physical
Properties>

(1) Friction coefficient

The friction coefficient was measured according to
the “Soda-type pendulum test” defined in JASO-M 314-88
using a Soda-type pendulum tester (Model II) at an oil
temperature of 60°C.

(2) Kinematic viscosity

The kinematic viscosity was measured according to JIS
K 2283.

(3) Density

The density was measured according to JIS K 2249.
[0026]
<Evaluation Method for Performance>

(4) Worm Gear Rolling Test

(i) Test Apparatus and Test Conditions

Rolling machine: GA-330A, manufactured by’Nissei Co.,
Ltd.

Die: a round die having a shape shown in Fig. 1 and
specifications shown in Table 1

Material to be processed: a material to be processed
having a shape shown in Fig. 2 and made of S45C

Shape of workpiece: worm
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Push~in speed: 0.14 m/s
Die rotation speed: 15 rpm
Lubricating oil feeding method: automatically

(injection from a lubricator attached to the apparatus)

(ii) Evaluation Method
With respect to a worm. formed by rolling, a weight
loss due to peeling in a bottom portion of a tooth surface

was determined, and also the appearance (the ratio of the

peeled area) of the worm was evaluated.

(Measurement Method for Weight Loss due to Peeling)

By using an electric balance HM-202 manufactured by A
& D Co., Ltd., the weight of the material to be processed
was measured before and after the test, and a difference in

the weight was defined as a peeling amount.

(Evaluation Method for Appearance of Worm)
The ratio of the peeled area was determined, and the
results of evaluation were assigned A, B, or C on the basis

of the following evaluation criteria.

Evaluation Criteria for Appearance
A: The ratio of the peeled area was 5% or less.

B: The ratio of the peeled area was more than 5% but
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C: The ratio of the peeled area was 20% or more.

[0027]
[Table 1]
Table 1
Normal module (mm) 25
Normal pressure angle (°) 12.3
Normal pitch (mm) 7.7
Number of threads 28
Lead angle (°) 21.7
Tip circle diameter (mm) 191.6
Pitch circle diameter (mm) 186.6
Root circle diameter (mm) 183.1
[0028]
[Table 2]
Table 2
Naphthenic Paraffinic mineral Isoparaffinic
mineral oil oil synthetic oil
Kinematic viscosity (40°C, mm?/s) 8.99 2.24 1.25
Density (15°C, glcm3) 0.908 0.819 0.761
Friction coefficient (-) 0.24 0.42 0.45
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Characteristics and physical properties of lubricating oil
Performance of |ubricating oil [0030:1:2 According to Table 3,
it is found that when a wormwas formed by rolling using a

| ubricating oil having a friction coefficient of 0.2 or nore, the
wei ght | oss due to peeling was extrenmely small, and al so the
appearance of the wormwas favorable (Exanples 1 to 7). On the other
hand, mhéﬂoéoﬂubricating oil having a friction coefficient |ess than

0.2 was used, the weight |oss due to peeling was |arge, and al so the
appear ance of PRECWBLRAWES nbP¥vér abite ¥ohpardt the tEXEIRR 2 1)70rm

was formed by rolling using a lubricating oil having a
friction coefficient of 0.2 or more, the weight loss due to
peeling was extremely small, and also the appearance of the
worm was favorable (Examples 1 to 7). On the other hand,
when a lubricating oil having a friction coefficient less
than 0.2 was used, the weight loss due to peeling was large,
and also the appearance of the worm was not favorable

(Comparative Example 1).

Industrial Applicability
[0031]

According to the presenf invention, a lubricating oil
for rolling having excellent working performance,
particularly a lubricating oil for rolling having high
working ‘accuracy and capable of suppressing the occurrence
of peeling in a bottom portion of a téoth surface of a worm
in a worm rolling process so that the appearance of a gear
can be improved can be provided. Further, a rolling method
having high working performance using the lubricating oil
for rolling can be provided. Accordingly, the present
invention can be effectively used as a lubricating oil for
rolling and a rolling method capable of producing a worm

and the like efficiently while saving resources.



I ndustrial Applicability [0031] According to the present
invention, a lubricating oil for rolling having excellent working
performance, particularly a lubricatifgy oil for rolling having high
wor ki ng accuracy and capabl e of suppressing the occurrence of peeling
in a bottomportion of a tooth surface of a wormin a wormrolling
process so that the appearance of a gear can be inproved can be
provided. Further, a rolling nmethod havi ng hi gh working performnce
using the lubricating oil for rollifeE& be provided. Accordingly,
the present invention can be effectively used as a |ubricating oi

for rollilkg2amdld rolling method capabl e of producing a worm and the
like efficiently while saving resources. 23 CLAIMS [ aim1]

A lubricating & 1ugrigedlinichgeikofipri siodd iagn momprigiinand/ singral
synthetic oil as the main conponent and having a friction coefficient
of 0.2 opidpeed/p€ ai my2lthetic oiThesl tibei patinngoopbneot eold hagying
according to claiml1l, wherein the lubricating oil has a friction
coef fi ci enffrattivamcOeZ fici@ng. offCloakmo3] more. The | ubricating oi
for rolling according to claim1 or 2, wherein the lubricating oi
has a ki nematiinc2vi scosity at 40C of from2 to 15 m2/s. [Cd ai m 4]
The lubricating oil for rolling according to any one of clains 1 to
3, further comprisiagrachtieli en1caekf ireilenhg BREOYEANg Eodichaih 1,
The lubricating oil for rolling according to any one of clains 1 to

4, wherejjfct-Benl UWhid CAEBPO-Qt{nd Sousetalors tAreadi My, cg8REicUELENGF

groovi ng, or burnishing. [C aim 6] The lubricating oil for
roll'ing aggQrdi pgttopany one of claims 1 to 5 wherein the
| ubricating oil is used for wormrolling.

[Claim 3]

The lubricating oil for rolling according to claim 1
or 2, wherein the lubricating»oil has a kinematic viscosity
at 40°C of from 2 to 15 mm?/s.

[Claim 4]

The lubricating oil for rolling according to any one
of claims 1 to 3, further comprising a friction coefficient
improver.

[Claim 5]

The lubricating oil for rolling according to any one
of claims 1 to 4, wherein the lubricating o0il is used for
threading, gear cutting, grooving, or burnishing.

[Claim 6]

The lubricating oil for rolling according to any one

of claims 1 to 5, wherein the lubricating oil is used for

worm rolling.



24 [Cd aim7] A rolling nethod using the lubricating oil for

rolling according to any one of clains 1 to 6. [Cl aim 8] The
rol1ing method according to claim7, 4terein the rolling is worm
rolling. [Claim?9] The wormrolling nethod according to claim

8, wherein the rolling is performed under the conditions that a die
push-in speed is from0.02 to 8 ms, a die rotation speed is fromb5

to 550 rpn& and_a die peripheral speed is fromO0.04 to 3.14 m's.
[Claim 7] _

A rolling method using the lubricating oil for
rolling according to any one of claims 1 to 6.

[Claim 8]

The rolling method according to claim 7, wherein the
rolling is worm rolling.
[Claim 9]

The worm rolling method according to claim 8, wherein
the rolling is performed under the conditions that a die
push-in speed is from 0.02 to 8 m/s, a die rotation speed
is from 5 to 550 rpm, and a die peripheral speed is from

0.04 to 3.14 m/s.





