0 4 MAR 2004 -1 TITLE OF THE | NVENTI ON PROCESS FOR PRODUCI NG SUB;T@QEEKFOR
PHOTOSENSI TI VE DRUM AND SUBSTRATE FOR PHOTOSENSI TlI VE DRUM BACK

OF, THE | NVENTI ON The present invention relates to a process for producing
a substrate for photosensitive druma substrate which is suitable for the
production of a photosensitive drumbaiing free fromthe occurrence of
interference fringes and has fine streaks uniformy fornmed on the surface

t her eof i A0 ' burrs, and the substrate capabl e of
produci$é?%¥gﬂﬁggfhﬁ-l k 9Hﬁhotosensitive drum More particularly, the
present invention relates to a process for producing a substrat ichis
suitable for PﬁﬁgEﬁﬁoHQ%t?%gD‘é@ﬂgG W%iEQ%§W®ﬁ%§@V€e®Wom t he
occurrence of interference fringes and has fine streaks uniformy forned
on the surfabdP EHBFEBATBYFORCPHITOIENRIHOE RWMs, and the substrate
capabl e of producing a higher-quality photosensitive drum As is well

known in the art, a photosensitive drum (cylindrical electrophotographic
phot osensitive nmenber) includes a cylinder-shaped substrate

(phot oseagkEr¥endr om Tspbstvetejongade of al um num or an al um num al | oy,
and a photosensitive filmas a photosensitive layer formed on the
surface of “i*ﬁeSF!PéEéﬁEeinJ&%tJ?&bsfé?é@eé Ofo S Gy e SO AS gRiSddEngr um
has been general Ty produced by nachi ning

a substrate for photosensitive drum a substrate which is

suitable for the production of a photosensitive drum being
free from the occurrence of interference fringes and has fine
streaks uniformly formed on the surface thereof by machining
without burrs, and the substrate capable of producing a
higher-quality photosensitive drum. More particularly, the
present invention relates to a process for producing a
substrate which is suitable for the production of a
photosensitive drum being free from the occurrence of
interference fringes and has fine streaks uniformly formed on
the surface thereof by machining without burrs, and the
substrate capable of producing a higher-quality photosensitive
drum.

As is well known in the art, a photosensitive drum
(cylindrical electrophotographic photosensitive member)
includes a cylinder-shaped substrate (photosensitive drum
substrate) made of aluminum or an aluminum alloy, and a
photosensitive film as a photosensitive layer formed on the
surface of the substrate. The substrate for such a

photosensitive drum has been generally produced by machining



9 41 AR 4 -2- the surface of a drawn stock tube to obtain a drum body
having a high-precision shape and then subjecting the surface of 4t 15+
thus obtained drum body to surface-snoothening treatnments (such as mrror
finishing or predetern ned surface-roughening treatment) by

preci si on-nmachi ni ng using a dianond tgrning tool or the like. in Fig. 5,
there is schematically shown a structure of a cutting edge of a dianond

turning tool used for the productjon . of conventi hat iti d
subst r ds = LA Fr PP Ehk Prng i c 6 RERH ) oF R Bl B QRE B

tool. Figs. 6 and 7 are_enl arged photographs, each show a surface

condi t itomigh-rr enilssonasdapsr aﬁﬁo{tg%@gbvg%ta?%ﬁ%i%Wg%gc‘?m%ﬁi%% by the
conventional dianond turning tool. Nanely, in the production of the
conventtiralolsn#isteda e uiro bogliot os ensfareesteorperied FXRFHMIEDol havi ng
the cutting edge shown in Fig. 5 is used so as to snoothen the surface of
t he subgiudt exsAsnia rwholfdndshishown prnefeysrmbneddsyr £ For- exegiptreing n
Japanese Patent Application Laid-Open (KOKAI) No. 6-194857(1994), there

i s desafidRthentdr a8 eE cdlciopraduningng ssbsyrat@idoondhoiosensitéale drum
in which the surface of the substrate is finished into a surface
roughness vipf @heut 0.2 to 1 pmusing a dianmond turning tool. The dianond
turning tool used in the above process includes a major cutting edge

constituted hy mgake faeeeand achefaribanky theneod senteurinor Sutting
edge fornmed by the intersection

cutting edge of a diamond turning tool used for the production
of conventional photosensitive drum substrates as viewed from
a front flank side of a tip of the turning tool. Figs. 6 and
7 are enlarged photographs each showing a surface conditicon of
a substrate for photosensitive drum which is machined by the
conventional diamond turning tool. Namely, in the production
of the conventional substrate for photosensitive drum, the
turning tool having the cutting edge shown in Fig. 5 is used
so as to smoothen the surface of the substrate as a whole as
shown in Figs. 6 and 7.

For example, in Japanese Patent Application Laid-Open
(KOKAT) No. 6-194857(1994), there is described a process for
producing a substrate for photosensitive drum in which the
surface of the substrate is finished into a surface roughness
of about 0.2 to 1 um using a diamond turning tool. The
diamond turning tool used in the above process includes a
major cutting edge constituted by a rake face and a side flank
thereof, and a minor cutting edge formed by the intersection

of the rake face and a front flank thereof, and the major and



of the rake face and a front flank thereof, and the major and U 4 MAR | N4
-3- mnor cutting edges are constituted by many particles of dggqg&qmﬁ
Further, the front flank thereof is provided with a polished strface
havi ng no polishing scores. Also, a peripheral edge of the mnor cutting
edge is finished by grinding with whetstone for renoving | arge
irregularities of dianond particles therefrom On the other hand, in
order to enhance a quality of the Ehoto egsitive drug; it ig extrenely

i npor t ANIh KU EHET §HISEr FLE CREFE SPtﬁés ¥ CAB8t KeEh (f:ga%%. wever, it
is known that when the surface snoot hness of the substrate is too high,

i nt er f ebenewd 1 i Ayssherpi EBe GFenkabsed onher $hbt b3 s {1 Y6 f or med
on the substrate when scanning the surface of the photosensitive drum by
a | aserpdlearhedcurtivice heydom, nchepdishave bBeerest udtkP sukh a net hod of
machi ning the substrate wusing a turning tool having a cutting edge with
saw | i keerpidrain ddger edulthel myinper tushingoedger AEnginiabedt PEaks on the
surface thereof, thereby causing irregular reflection of light on the

sur f acey®indiey phiafipseRgisttione fayerenabvtihg lphgeosensgulaeitiem ¢D inhibit
the occurrence of the interference fringes thereon. neanwhile, in such a
productd OindRd hh e ifd1Re spldriefdir.s Wwhich are actual ly invisible by eyes,

tend to be formed on the surface of the machined substrate as shown in
Figs. 6 and o, (i fhdiUi,ar &nl @galed tat eRBRhbeNs gualoupded byecircles.
photosensitive drum, it is extremely important that the
cubstrate therefor has a smooth surface. However, it is known
that when the surface smoothness of the substrate is too high,
interference fringes (moire) are caused on a photosensitive
layer formed on the substrate when scanning the surface of the
photosensitive drum by a laser beam. For this reason, there
have been studied such a method of machining the substrate
using a turning tool having a cutting edge with saw-like
portion (irregularity portion} for forming fine streaks on the
surface thereof, thereby causing irregular reflection of light
on the surface of the photosensitive layer of the
photosensitive drum to inhibit the occurrence of the
interference fringes thereon.

Meanwhile, in such a production method, fine split burrs
which are actually invisible by eyes, tend to be formed on the
surface of the machined substrate as shown in Figs. 6 and 7,
which burrs are located at portions surrounded by circles.

Also, even if the substrate is machined by the above-described

turning tool having many particles of diamond cutting edge



Al so, even if the substrate is machined by the above-described turning
tool having many particles of dianmond cutting edge D 4 MAR 1004(444ARva084n
sawli ke portion to formfine streaks on the surface thereof, the
non-uni formty of depths of the respective streaks is caused. The
formati on of such non-uniform streakss-and burrs upon machi ning are
considered to be problens peculiar to turning tools nade of nmany

particl es .of dianpnd. mely, as shown in Fig.,5, th b cri bed man
particF%%FQﬁSQﬁéEE%ﬁjgéﬁaﬁoﬁgt@dégrps%gg?négrgﬁkgu%%eg¥?n%MPf|§%Dnd y
articles to sintering treatnent and then flattenin t he surface of the

gbtainéﬂ“%ﬁ?ﬁﬁnnth%/Wﬁ%WQH%fﬁgmlﬁgrO hﬁ?ptpﬁag%ngﬂ hgeﬁP%55ﬁﬁeparticles

exposed on the surface of the cutting edge are actually not on

di f f er ettréakssiife dausadeachbeof AERABLPT aPS oS RGR SR A BT SHFGRE<S
Accordi ngly, even though the many particles of dianond cutting edge is
provi dezhd tthersalwng wadhinéggl arei coagiflaredi 88, beher gRb§8S of t he
cutting edge is non-uniform and especially the depths of concaves

bet weernpédgl 1Hamand yariicc lte® 1o maideg of heaout panyicédgeobedommonmheven.
This sonetines results in failure to sufficiently inhibit the occurrence
of interferapaetfyi rgesHIm tike Fabt asnedhphabosendes ey tbed unany n
particular, the burrs on the surface of the substrate cause significant

pr obl eng, 4pam o4 Ner TRrARIHO RN idgPabesensEbimeal Byesubliecedng whi ch

| eads to defective images caused by the photosensitive drum SUMVARY OF

THE T NVENTH S particles to sintering treatment and then flattening
the surface of the obtained product by polishing. For this
reason, the diamond particles exposed on the surface of the
cutting edge are actually not only different in size from each
other but also irregularly oriented. Accordingly, even though
the many particles of diamond cutting edge is provided
therealong with regular irregularities, the shape of the
cutting edge is non-uniform, and especially the depths of
concaves between the diamond particles forming the cutting
edge become unevern. Thié sometimes results in failure to
sufficiently inhibit the occurrence of interference fringes on
the obtained photosensitive drum. In particular, the burrs on
the surface of the substrate cause significant probklems upon

the formation of a photosensitive layer thereon, which leads

to defective images caused by the photosensitive drum.

SUMMARY OF_ THE INVENTICN
The present invention has been made in view of the above

problems. It is an object of the present invention to provide



The present invention has been made in view of the above problens.

an object of the present invention to provide 0 4 MAR 2004 -5- a

for producing a substrate suitable for the production of a photQZJﬁ@%@ﬁVe
drum being free fromthe occurrence of interference fringes thereon,
which is capable of formng uniformgine streaks on the surface thereof
w thout burrs when the surface of a stock tube is surface-snoothened by
machining. It is another_ ohject of the present vention to provide a
subst r &t P¥HFETh s AHOAFICHE X PuFHIFEE R ﬁa?“&ﬁ?hg?nggfréaﬁs on the
surface thereof wthout burrs, and is capable of producing a

phot os epEeduciel aft |h PaBheS O Smisgfa i eq Gt peirg &E€6npFP¥htifie ains, in a
first aspect of the present invention, there is provided a process for
prodUC|wmpurr@mmsKﬂhUenknﬁegemh@tésengES|ﬂ@edeanp whiich tanpapgbse
machining a surface of a cylindrical stock tube by a turning tool in
order te®f f Bsrmiond Wriifdrinc dirsubsteake bavithg austiefacehereaghwésboof 0.5
to 5 pmand having, on the surface thereof, streaks extending in the

appr oxi et £4 Ywitdrd GHE enaftdcdl ofdiar e¢bic@n thiber eef sukrfiaceakflobuhahag t ool
bei ng constituted by nonocrystalline dianond and having a cutting edge
provid éﬂhﬁ&ﬁqﬂ%|lke portion (irregularity portion) along an
effectlve cuttin engt h thereof. BRI EF DESCRI PTI ONS OF THE DRAW NGS Fi g,

I is a Sche"ﬂ'fs VI EWRhoWRE A YekUESeQEn? invention to provide

a substrate for photosensitive drum which has uniform streaks
on the surface thereof without burrs, and is capable of
producing a photosensitive drum having a higher quality.

To accomplish the aims, in a first aspect of the present
invention, there is provided a‘process for producing a
substrate for a photosensitive drum, which comprises machining
a surface of a cylindrical stock tube by a turning toeol in
order to form a cylindrical substrate having a surface
roughness of 0.5 to 5 pm and having, on the surface thereof,
streaks extending in the approximately circumferential
direction thereof, the said turning tool being constituted by
monocrystalline diamond and having a cutting edge provided
with a saw-like portion (irregularity portion) along an

effective cutting length thereof.

BRIEF DESCRIPTIONS OF THE DRAWINGS

Fig. 1 is a schematic view showing a structure of a
cutting edge of a diamond turning tool used in the present

invention.



cutting edge of a dianond turning tool used in the present invention. 0 4
MAR 2004 -6- Fig. 2 is an enlarged photograph showi ng sawli ke po@@%ﬁﬁ 00
formed on a front flank of the dianond turning tool having the cutt J
edge shown in Fig. |I. Fig. 3 is an enlarged photograph showi ng a surface
condition of a substrate for photosengitive drum machined by the dianmond
turning tool having the cutting edge shown in Fig. 1. Fig. 4 is an

enl arged phot ograph showi ng a surface condition of a supstrate for

phot osensi t iRi& -durhsmedhieRedrepd PhetapaABRISPAY %S 8ot L Favw gt e
cutting edge shown in Fig. I. Fig. 5is a schematic view show ng a

st ruct Wfermefd an eutfiriong édgekobiatbendéampodalugnimeneo®biri@ vy odhe used
for the production of photosensitive drum Fig. 6 is an enl arged

phot ograpit ishpwidig ahowt dee Figondi.ti on of a substrate for photosensitive
drum nmachi ned by a conventional dianond turning tool. Fig. 7 is an

enl ar ged phaijegr aph sshewiadd aggedr baseogeapti thowing a subficate for
phot osensitive drum nachi ned by a conventional dianond turning tool.

DETAI LER, DESGRPTUON QupleE kNVENT GNokBsbheipiodugtinmaeneess oF the

present iInvention, a cylindrical stock tube is machined by the specific
turningye @iamond turning tool having the cutting edge shown in Fig.

1.

Fig. 4 is an enlarged photograph showing a surface
condition of a substrate for photosensitive drum machined by
the diamond turning tool having the cutting edge shown in Fig.
1.

Fig. 5 is a schematic view showing a structure of a
cutting edge of a conventional diamond turning tool used for
the production of photosensitive drum.

Fig. 6 is an enlarged photograph showing a surface
condition of a substrate for photosensitive drum machined by a
conventional dilamond turning tool.

Fig. 7 is an enlarged photograph showing a surface
condition of a substrate for photosensitive drum machined by a

conventional diamond turning tool.

DETAILED DESCRIPTION OF THE INVENTION

In the production process of the present invention, a
cylindrical stock tube is machined by the specific turning
tool to produce a cylindrical substrate for photosensitive

drum having a predetermined surface roughness. 1In this case,



tool to produce a cylindrical substrate for photosensitive drum having a
predeterm ned surface roughness. In this case, 0 4 MAR 2004 -7- tﬁ%
cutting edge of the specific turning tool has a sharp edge shape adﬁﬁzm‘
therefore, can exhibit an excellent cutting quality. In addition, since
the cutting edge is prelimnarily proxided wth predeterm ned sawlike
portion, it is possible to uniformly produce fine streaks on the surface

of the substrat.e w.thou rrs, Fuether, r di t he e

pro?ucﬁL| c?ﬁ%&@fkﬁdﬁﬁeO%sgmfl?E%Cﬁ%%?i%%r%$ﬁ§hg6€gt%?%g§e%ge %r%gge
preferably forne over. a region extending fro he cutting edge to the
flank RSN BFEIPAg Ehe “Flir R bbiLBof‘gh%?%}gi%‘éhc‘ét%h’??i%‘ga%lg%éy

fine cut chips generated ugon machi ni ng can be sppot hly. _ discharge

b oughin Ricaar ke 16t FOR EOREAHHOHSFS SRLBHGT G- HhbY Aot AE T ank of
the cutting edge, thereby surel preventing the formatjion of burrs. Also,
in a preftdr medesemrnéhetheanbdibeppodtephonipr d8eBassikPhe §aw | i ke portion
formed on the cutting edge of the turning tool have projections having a
di f f er ancief dumlpe gleddeicghtf inbetteeakeach phej evrfape oft ushal Yyovtxate pm
and concaves having a difference in m ninum hei ght between each concave
of 0 t@ithdqus andran average depth of usually 0.5 to 5 pmbased on an
average peak height of the projections. By adjusting the projections and
concaves of mherraw lHidcerpanti €8 theneBooa bheducuidinngredgssof thée

turning tool to the above-specified ranges,
saw-1like portion of the cutting edge are preferably formed
over a region extending from the cutting edge up to the flank
thereof. By using the turning tool having such a cutting edge,
fine cut chips generated upon machining can be smoothly
discharged through the saw-like portion continuously extending
toward the flank of the cutting edge, thereby surely
preventing the formation of burrs.

Also, in a preferred form of the above production process,
the saw-like portion formed on the cutting edge of the turning
tool have projections having a difference in peak height
between each projection of usually 0 tc 1 um, and concaves
having a difference in minimum height between each concave of
0 to 1 pm and an average depth of usually 0.5 to 5 um based on
an average peak height of the projections. By adijusting the
projections and concaves of the saw-like portion formed on the
cutting edge of the turning tool to the above-specified ranges,
respective cutting forces at the projections and concaves of
the cutting edge can be equalized, thereby more surely

preventing the generation of burrs. 1In addition, when the



respective cutting forces at the projections and concaves of the cutting
edge can be equalized, thereby nore surely preventing the genermlmﬂ m{(
burrs. In addition, when the 0 4 MAR 2004 - 8- proj ections of the sawlike
portion formed on the cutting edge of the turning tool have a density of
usually 10 to 350 peaks/mm the subsgrate machi ned by the turning tool
can be provided on the surface thereof wth such streaks whi ch are so
arranged_as_t.o. effec er v.ent th .occuyrrence i nter erenc fringes
on (e BROTSSoHEIT (Ve 1 iy R B i AGERBE: 9pebE 6F CERBS pFagRn
inventio there is provided a s rate for a photogsensitiye drum
produce%gbgh?h%:QEHV% gﬁﬁghapgg€5§§y'Wﬁl&ﬁuﬁigyagguFPaé roughness of
usual |y to 5 pm and has a difference in peak _height_between each
prOJectP%ﬁ#%ﬁstLEﬂq)ﬁ??%Q¥§FﬁmﬁaQ¥lqﬁdf#@réﬁ@etPﬁnﬁFﬁlgﬁﬁﬂhéﬁ@hPebetmeen
each concave of usually O to 1 pmand an average depth of the concaves of
usual | yposides @ g asudane ahcaraiayd tpeakchesgheakt whéchrarecsdons,
and is provided on a surface thereof with the streaks extending in t he
appr oxi amt mhged i ag it eyfdfdtalvadivr egteven tt hbeeotcurtrkooe oburrs. That i s,
in the case where the substrate for photosensitive drum has such a

st ruct utetéhbdrdrne: sirifraee droughnesstbieneative adjyusted to the
above-specified range and the streaks are formed in the approxi mately

circunferentr@tthdh f egf ipptHker egbewtt beguthbupi-esehheipbenesensi tive | ayer

formed thereon can be prevented fromsuffering fromvarious
there is provided a substrate for a photosensitive drum
produced by the above-described process, which has a surface
roughness of usually 0.5 to 5 pm, and has a difference in peak
height between each projection of usually 0 to 1 um, a
difference in minimum height between each concave of usually 0
to 1 ym and an average depth of the concaves of usually 0.5 to
S um based on an average peak height of the projections, and
is provided on a surface thereof with the streaks extending in
the approximately circumferential direction thereof without
burrs. That is, in the case where the substrate for
photosensitive drum has such a structure that the surface
roughness thereof is adjusted to the above-specified range and
the streaks are formed in the approximately circumferential
direction thereof without burrs, the photosensitive layer
formed thereon can bhe prevented from suffering from various
defects as well as occurrence of interference fringes.

In the preferred form of the substrate for photosensitive

drum for further ensuring the prevention of occurrence of the

interference fringes, the streaks have projections having a



defects as well as occurrence of interference fringes. In the preferred
formof the substrate for photosensitive drumfor further ensurqu hWﬂmA
prevention of occurrence of the interference fringes, the streaks Nave
projections having a 0 4 MAR 2004 -9- difference in peak hei ght between
each projection of usually O to 1 pu, and concaves having a difference
i n mni mum hei ght between each concave of usually 0 to 1 pmand an

averageydenth , of igﬁgghkyhgighkobgtw&ﬁ%% 0; B BYELALE Reakg T8} gt of

the projections. e nore preferre e substrate for

phot osensi.tive drum_ the streaks haye ' sual ; 350
peaks/%ﬁilPﬁEPE C@ﬂﬁEﬁFﬁEﬁ$§%Eﬁ %H&éfﬁ%E%I:%»fﬁﬁ@ prelgﬁ%%ﬁﬂgﬁbodinents
of the present inyention will be scribed.in detail by referring,to the
acconp&%?ﬁﬁ&n 'ﬁ&??aﬁgf8FrPﬁBa?gprgE01} YRe?dE s %ﬁ%@%ﬁs§ﬁé§%ﬂic

view illustrating a structure of a cutting edge of i amgnd ur.ni ng tool
used i Pl KEYsHESe Rt 5i APeht PBnPased Qﬁleﬂnfg'ﬁ?ﬁ getfi)%aajf gt?(‘:éln%)l& eoéitc}'ée °
thereof. Fig. 2 shows an enl arged hot ograph of sawlike portiaon forned
on a flwuwesfticns . dianbhd mer¥qi Pretoorehadamy athdhatihig@dde I8 shown
in Fig. 1. Figs. 3 and 4 show enl arged photographs each illustrating a
sur f acepleondidrisdrr ioke dremsubber atcefibe baveosecdensive of upsuahixhlq s

machi ned by the dianmond turning tool having the cutting edge as shown in
Fig. l.tcdvssmimpdaks/mm.the foll owing descriptions, the substrate for

phot osensitive drumis

PREFERRED EMBODIMENTS OF THE INVENTION

The preferred embodiments of the present invention will
be described in detail by referring to the accompanying
drawings. Referring to Fig. 1, there is shown a-schematic
view illustrating a structure of a cutting edge of a diamond
turning tool used in the present invention as viewed from a
tip rake face side thereof. Fig. 2 shows an enlarged
photograph of saw-like portion formed on a flank of the
diamond turning tool having the cutting edge as shown in Fig.
1. Figs. 3 and 4 show enlarged photographs each illustrating
a surface condition of the substrate for photosensitive drum
which is machined by the diamond turning tocl having the
cutting edge as shown in Fig. 1. Meanwhile, in the following
descriptions, the substrate for photosensitive drum is
sometimes abbreviated merely to “substrate”.

First, the process for producing the substrate for
photosensitive drum according to the present invention will be

explained. In the process of the present invention, the



sonetinmes abbreviated nmerely to "substrate". First, the process for
produci ng the substrate for photosensitive drum according to th&bﬁ'ﬁ&ﬂsm@{t
invention will be explained. In the process of the present invention, the
0 4 MAR 2444 10- surface of a cylindrical stock tube is machined by a
turning tool in order to forma cyl-iedri cal substrate for photosensitive
drum having a surface roughness of usually 0.5 to 5 pm In such a

processs‘hurafasc%e(gg I.C Hdig Lgol tio§ku.§ﬁ?>e t9 hormhbe E&r]@a&irﬁi(ﬁﬁndi ng

;
al ong t'he approximately circumerential direction thereof.

phot osensi.tive drum (cyld ndri_cal -el .r.oph LC hot osensi tive
menber )t pi'f]od)d"cd;edr tﬁﬁ/fflc?rrfﬁ r?gcglg o%ggggsnggéég %I Fnogn the surface of
t he thus obtai ned .substrat 8@\:'0 lindri substflate

&al B ,Ogndshgf an, oyt er
di anet @RGOSHHHTIFE o3 afid SY*F8R§t hoBFPEBTt ©200°FaT 1Y 100° nm
dependi ng upon el ectrophot ographi c appar a%uses to, which the dr um IS
appl i ed:© AT he I8y FPRBr RcRFOSEBEK uPRSEHlbe Hath eI ot T HEe
substrate, there nay be generally used those tubes made of al um numor an
al uni num didmy i cHreeksprodesddnby adpagi f§e aPRECELBRKkSLYibe before bei ng
machi ned as described hereinafter, has a thickness of about 0.7 to 5 nm
accor diqigrdunftérerdesilr e racglian dhrshiepibet ween t he outer di aneter or
length and the rigidity of the obtained photosensitive drum The turning
t ool used i ra tdte prsesentt ivey eituron cvd indonstilt el edtbyrhohogrgehat| i ne
di anond, and has a cutting edge o

photosensitive member) is produced by forming a photosensitive

film on the surface of the thus obtained substrate

(cylindrical substrate), and has an outer diameter of about 15

to 300 mm and a length of about 200 to 1,100 nm depending upon

electrophotographic apparatuses to which the drum is applied.

As the cylindrical stock tube to be machined into the

substrate, there may be generally used those tubes made of

aluminum or an aluminum alloy which are produced by drawing.

The stock tube before being machined as described hereinafter,

has a thickness of about 0.7 to 5 mm according to the desired

relationship between the outer diameter or length and the

rigidity of the obtained photosensitive drum.

The turning tool used in the present invention is

constituted by monocrystalline diamond, and has a cutting edge

on which saw-like portion are formed along an effective

cutting length thereof. More specifically, in the present

invention, there is used the turning tocl which is constituted

by monocrystalline diamond and formed into a specific shape.

The use of such a turning tool ensures that the surface



on which saw|ike portion are forned along an effective cutting |length
thereof. Mre specifically, in the present invention, there is dk%ﬂﬂiﬂﬂ4
turning tool which is constituted by nonocrystalline dianmond and forned
into a specific shape. The use of such a turning tool ensures that the
surface 0 4 MAR 2004 -11- roughness -afi-the substrate is adjusted to
usually 0.5 to 5 pm and the streaks are fornmed al ong the approxi mately

ci rcu"ff%@% s dc'sf; aGld ek Lhe agbahﬁg%gagagodﬁéﬁamd?a@otvs-

Meanwhi e surface roughness may I meani ng” of a di?f%?ence in
aver age xiJmum hei ght of t r.0j 1.0 a i ni mum hei ght of
the condd e%h%ﬁSHﬁﬁékﬁlqgé gggggdd3§§%ng§ehgggF§%$%§€$l§L order to produce
a practical | usabl e phot osensiti.ve. |l aye it is required,that the

Surf ace T F CUMIRREE T CHE B8P SletPS RUPRSTRHCT 0 RegarTy i REt ABPES ¢ han
5 pm As well known in the arts, the tip of_thg finished . turning tool is
provi défeanvit ke c (Rhe Ry ddge CREPSReest PRHgiNEdYEs RoRSERt ¥ e®t by a rake

face and a flank (main flank) thereof, and a nmnor cutting edge
const i tditEtetgnaeheln Averpgce mazaAguR heaahtf PAnkhanarexeehr™y #pdt he
direction of a plane approximately perpendicular to the major cutting

edge. lavertmge prigsenm iheieitt o, the conFapest ahft thhattia@ks ugdi ng t ool
used therein is provided at a tip thereof with such a cutting edge
havi ng desamibek heperirptfaral. efigecordée saviet ¢deceor thwartofcaller cut ti ng
edge are produced by

usable photosensitive layer, it is required that the surface

roughness of the substrate is adjusted to usually not more

than 5 um.

As well known in the arts, the tip of the finished
turning tool is provided with a cutting edge (major cutting
edge) constituted by a rake face and a flank (main flank)
thereof, and a minor cutting edge constituted by the rake face
and a front flank and extending in the direction of a plane
approximately perpendicular to the major cutting edge. In the
present invention, it is important that the turning tool used
therein is provided at a tip thereof with such a cutting edge
having a saw-like peripheral edge.

The saw-like portion of the cutting edge are produced by
machining a tip of the turning tool into its outline shape and
then polishing the obtained cutting edge by a polishing tool
having fine grooves. Further, the saw-like portion of the
cutting edge may be formed over the region extending from the

cutting edge up to the rake face thereof. Moreover, as shown

in Fig. 2, the saw-like portion of the cutting edge are



machining a tip of the turning tool into its outline shape and then
pol i shing the obtained cutting edge by a polishing tool having flaMAR 700
grooves. Further, the sawlike portion of the <cutting edge nay be forned
over the region extending fromthe cutting edge up to the rake face
t hereof. Moreover, as shown in Fig.-12-the sawlike portion of the
cutting edge are 0 4 MAR 2004 -12- preferably formed over the region

ext endi n romthe cuttin edge up t.o the flank thereof.in_order to
aroot hISF R ST e (U Cpd SanEr AUSaTaRET CaPE: Kt ROFBEATough.
Al so, the cutting edge forned at the tip of the turni tool is required
o haverdate Wb Ve- S cr YA trRte oGRS SS SHOBHICY A5SERAFSR ¢ ho
substrate with a snooth surface as a whole. However, fromthe standpoints
of the Foraenorrivips WR@hest MPaks Cartd 1PRe theREBREPBARof occurrence of
burrs, the projections and concaves of the sawlike portion formed on the
cutting edgedls® prlef erethlncdidest dermedheédéeher FilRe@fhEnghtyrnanRd dept hs,
respectively. Mire specifically, as shown in Fig. 1, in order to form
uni f or ntsd Y ek sram el sur flece athe Rocsebsoeatid L etheurpropesriiohsess t he
saw |l i ke portion formed at the cutting edge have a difference (Ah) in
peak heightrdet weenf gaicdh e edtlbisaratus udlthy a0 stroothusnyfand theaconcaves
of the sawlike portion fornmed at the cutting edge have a difference (AKk)
i n M niywae e heigghlevket, weenneabb eeanapeintsustathy Hotwafdiem ofurther, in
the case where an average peak height of the projections and

uniform streaks and the inhibition of occurrence of burrs, the

projections and concaves of the saw-like portion formed on the

cutting edge are preferably adjusted to predetermined heights

and depths, respectively.

More specifically, as shown in Fig. 1, in order to form

uniform streaks on the surface of the substrate, the

projections of the saw-like portion formed at the cutting edge

have a difference (Ah) in peak height between each projection

usually 0 to 1 pm, and the concaves of the saw-like portion

formed at the cutting edge have a difference (Ak) in minimum

height between each concave of usually 0 to 1 pm. Further, in
the case where an average peak height of the projections and
an average minimum height of the concaves represent “H”, and
“K”, respectively, in order to surely prevent the formation of
burrs, the concaves of the saw-like portion formed at the
cutting edge have an average depth (d) (i.e., a difference
between an average peak height (H) of the projections and an

average minimum height (K) of the concaves) of usually 0.5 to



an average m ni nrum hei ght of the concaves represent "H', and "5@ R 7004
respectively, in order to surely prevent the formation of burrs, wﬁe
concaves of the sawlike portion forned at the cutting edge have an
average depth (d) (i.e., a difference between an average peak hei ght (H)
of the projections and an average mlgi-mum hei ght (K) of the concaves) of
usually 0.5 to 0 4 MAR 7004 -13- 5 pm based on an average peak height (H)

of the projections, h ﬁ hei.ght af 1,be gy of ectons, aHd- Hhdum hei ght
of thef§d%%§§¥%%¥&%hﬁlb%ﬁgﬁé t from a p?escélged p0|n?? respectively.
Meanwhi | e, th aw Li ke tion on ghe f.lan . Sq q# I med. In
Na 1 OHS HER GBI o Srer PesRoLry B VST ohSle e e G
interference fringes on the pgotosensitive,ka er, . %t 'sﬁgreferr d that
the st relCaes MEPTorR 115 SihSEPRt 8 RAGECT APEReBRIRY i hg %%R%Y?@Y-
Specifically, in the present invention, the Erojections of . the sawli ke
por t i oMgasmhddiert thensannlikegPeg§e oBf SRhENEUF ARG T8%I PRattMbldehsi ty
(nunber of projections per unit length of the cutting edge) of usually 10
to 350 fpmakesli.m preferably 50 to 350 peaks/mm In other words, the
di stance between peaks of the adjacent projections at the cutting edge is
in the rangerrofadditdldny 28 drdetO@oUmprepeéferhbrgle. Brevend. bthdin. Al so,
each projection formed at the cutting edge has an approxi nately isoscel es
tri angle-chapmcdiaf ngtar fapexcandglréngbsusnakhy BBotos¢7sit pvef daydty 100
to 170.

it is preferred that the streaks formed on the substrate have

a predetermined density. Specifically, in the present

invention, the projections of the saw-like portion formed at

the cutting edge of the turning tool have a density (number of

projections per unit length of the cutting edge) of usually 10

to 350 peaks/mm, preferably 50 to 350 peaks/mm. In other

words, the distance between peaks of the adjacent projections

at the cutting edge is in the range of usually 2.8 to 100 pm,

preferably 2.8 to 20.0 pm. Also, each projection formed at

the cutting edge has an approximately isosceles triangle shape

having an apex angle of usually 30 to 1759, preferably 100 to

1709,

In the production of the substrate according to the

present invention, from the standpoints of the reduction in

costs due to wear of tools and the enhancement of machining

efficiency, the surface of the stock tube is usually subjected

to primary cutting process for finishing the surface thereof

into a high-precision shape and then tc a secondary cutting

process for finishing the surface into such a shape as



In the production of the substrate according to the present invention,
fromthe standpoints of the reduction in costs due to wear of t o] MARif4
t he enhancenent of nachining efficiency, the surface of the stock tube is
usual ly subjected to primary cutting process for finishing the surface
thereof into a high-precision shape-land then to a secondary cutting
process for finishing the surface into such a shape as 0 4 MAR 2004 - 14-

speci i gdeaboves MR t hgRpi wa_ype%gt_»?gcﬁﬁe?ﬁ Spr&fEsSt Ofke SthSc 1S

usual | y machined using an R turning tool so as to snoothen the surface

ther eof . (01 0, & SUITACE Loughness LRI, L usUa) ¥oB11 0o18ePRy, Then, the

st ock tube produce n Intermedirate product by the primry cutting
rocess.as._a f hi ng

process is  ,subjected to the.secondary cuttin LNi
P ocossTRTHIFH S A 4153 GIITrat nriend. SH0qe aesorebaa=tmRoeryst ol I i ne
di anond tip. Upon the secondary cutting process, a work (internedi ate
product9f isswrel Iwdr b altd> anf.ee@hspeethef sDP0k fobe. Brofwieed. as ahile
rotating the work at 2,000 to 10,000 rpmand, if required, using a cool ant
in an ajpprepredita:erarmeiuctWien theclpr imagec onddiygcprocrgsprecess t akes
pl ace, there can be obtained the substrate which has the specific surface
roughnessbprcked tpriha desdtarddrvt hetaliove pspeeiski ed &i nénsthéaks.
Meanwhil e, the stock tube as a raw material may be directly subjected to
the fi nbsddags pioaessciusing ke akovetspeasif itted bboriengesaelibedf the shape
preci sion (dimensional accuracy) and surface

monocrystalline diamond tip.

Upon the secondary cutting process, a work (intermediate

product) is delivered at a feed speed of 0.05 to 0.5 mm/rev.,

while rotating the work at 2,000 to 10,000 rpm and, if

required, using a coolant in an appropriate manner. When such

a secondary cutting process takes place, there can be obtained

the substrate which has the specific surface roughness and is

provided with the above-specified fine streaks. Meanwhile,

the stock tube as a raw material may be directly subjected to

the finishing process using the above-specified turning tool

if the shape precision {dimensicnal accuracy) and surface

roughness of the raw material already lie in the predetermined

ranges.

In the process of the present invention, when the stock
tube is subjected to the finishing (seccondary) cutting process,
there is used the turning tool having a cutting edge

constituted by monocrystalline diamond. The monocrystalline

diamond cutting edge has a smoother peripheral edge and,



roughness of the raw material already lie in the predetermned ranges. In
the process of the present invention, when the stock tube is subjg¢tMia 2004
the finishing (secondary) cutting process, there is used the turning tool
having a cutting edge constituted by nonocrystalline dianond. The
nonocrystalline dianond cutting edgeshas a snoot her peripheral edge and,
0 4 MAR 2004 -15- therefore, a nore excellent cutting quality as conpared

to th stituted b ti f _di ¥h&EE
unde5|3%b nF§ke§‘6§Fﬁ%ﬁg%§¥13§£ c§£%§?§ é§g§ osure d§annnd
particl s to t he sur e.t hereof . ﬂ% sinc edeternlned
saw | | Ké*$56t 19 (ﬂ?%ﬁ%&tﬁggFWhWﬁﬁyl ?rng 8 §|%hgm?%§ %ut%|nj”6%gél nor e
uni form fine streaks can be forne? g surface of the substrate
mnthouﬂ“%ﬁﬁﬁ%?ah&¥ ickesperipperelpgegrnfee: b pHagueP S ot Ysensi ti ve
drum havi ng hi gher qualltﬁ which are free fromdefects of a
phot osé?ﬂs?tﬂtqnﬁe nagnyfac keset@othergprhere rFherref pr dde KOG iRe Hi&sent
invention, since the cutting edge of the turnlng t ool used therein has
the sawhd itkededrenimimedosmpd lovier pohbsipagRoR BXERHEI BRI Honf e ut ti ng
edge up to the flank thereof, fine cut chips generated upon machining can
be snoatldng ditsc kartgeohgt Iadgaghmouacaméﬁoom fipeesbesaks cae Baw | ike
portion, thereby surely preventing the formation of burrs. Furthernore,
i n the fineees oroftHhesynfesenb fi nhensubatrahe without burrs. As a

result, it is possible to produce a photosensitive drum having

a higher guality which are free from defects of a

photosensitive layer thereof.

Further, in the process of the present invention, since
the cutting edge of the turning tool used therein has the saw-
like portion formed over the region extending from the cutting
edge up to the flank thereof, fine cut chips generated upon
machining can be smoothly discharged through concaves or
recesses of the saw-like portion, thereby surely preventing
the formation of burrs.

Furthermore, in the process of the present invention, the
cutting edge of the turning tool used therein is provided with
saw-like portion whose projections have the specific
difference in peak height and whose concaves have the specific
depth, so that the respective cutting forces at the
projections and concaves can be equalized, thereby more surely
preventing the formation of burrs. Besides, since the

projections of the saw-like portion formed at the cutting edge

of the turning tool have the above-specified density, it is



cutting edge of the turning tool used therein is provided with sawlike
portion whose projections have the specific difference in peak h@i%p& d
whose concaves have the specific depth, so that the respective ét #@ﬂ
forces at the projections and concaves can be equalized, thereby nore
surely preventing the formation of Qyrrs. Besides, since the projections
of the sawlike portion fornmed at the cutting edge of the turning tool
have t he above speci fied densj is 04 R SSIb|e to

pr oduc PEFEP & tEa ke ORSEpEEC SEFF@5F|Gépﬁbyénﬂ%bﬁgfﬁﬁtfﬁ ¥ccurrence of
interference fringes on the photaosensitive |ayer, on the surface of the
subst r atrd1ilif iggy dhes ogsyrarencRepé &Fée§ﬁ8ﬁﬁnFﬁef§ﬁ?9§§eoﬁoﬁﬁ?t|ons of
the substrate obtained by the process of the present invention. As shown
i n t hegBdtiqaares tite layest r aneths spréerdedforhehsubaiTate: t hereof with
the streaks extending in the approximately circunferential direction

t hereof , by Imethisni g atrlde 4suthace efet hbowubsheaser Gscagcohdi bbove-
specified turning tool having the cutting edge constituted by

monocr yst alHd neiditaamed obtainke prodhet pebcebst bE shbsprasent an al umi num
drawn tube having an outer dianmeter of 30.3 mm an inner dianeter of 28.5

nm and g}eandidh of A348nhBWhi $nuskEs@st Bgubéorkeidibsubanehisaibjected to a
primary cutting process using an R turning tool having many particles of

di anmond, LW idd orfdge <lhgallushareBiEngdthubgel stiB8RsT EREShEUnGasn a
secondary cutting process) using the above turning tool in the formof a

the approximately circumferential direction thereof, by
machining the surface of the substrate using the above-
specified turning tool having the cutting edge constituted by
monocrystalline diamond. In the production of the substrate,
an aluminum drawn tube having an outer diameter of 30.3 mm, an
inner diameter of 28.5 mm and a length of 340 mm is used as a
stock tube, and subjected to a primary cutting process using
an R turning tool having many particles of diamond cutting
edge. The thus machined tube is then finished (as a secondary
cutting process} using the above turning tool in the form of a
plain turning tool. The saw-like portion formed at the
cutting edge of the plain turning tool are designed such that
the projection thereof have a difference in peak height of 0.1
um, the concaves thereof have an average depth of 1.3 pm based
on an average peak height of the projections, and the apex
angle of the projections is 160°.

In the finishing process (secondary cutting process), the
respective parameters and conditions are adjusted as follows:

front rake angle at the tip of turning tool: 0°; side rake



plain turning tool. The sawlike portion forned at the cuttingﬁﬁfgg%ﬂQA
the plain turning tool are designed such that the projection t ave
a difference in peak height of 0.1 ~un, the concaves thereof have an
average depth of 1.3 pmbased on an average peak height of the
projections, and the apex angle of tilfe projections is 1600. Tn the
finishing process (secondary cutting process), the respective paraneters

d i §4.0 [ j f-al : K ; ; ti f
ond ondids ons o SUSLEIE (bt gHinERLe,apolocatighey b ©
(Tront S48 grols 30ciebatl ohals SReed;ob uokyo£,000,4m feod specd

ichi'ni"ng ‘owance’ result, as shown in
Figs. 3 and 4, uniformstr a@aécan be_forned an rface of_.the

the s
subst r FAFREIHEUR R BET's V- Bflot o&8ndi TT9& Ur Ui prsdited Ty <usi ng
the thus obtained substrate is conpletely free from occurrence of
i nt er f e eHt® 41 i WHELTITIRAE ks CRE SELEPFREE BRoBDReEU B} AtRe®hb R process
according to the present invention has a surface roughness of 0.5 to 5
pm andsulstprang dedhomt egysiiurase wike pPheteserakisl ve deiiintiedurache
approxi mately circunferential direction thereof w thout burrs by machining
usi ng tihe wahiowe-IpedifuisedbtainedngubssiratFui shepmpi heesubsreat Bret t he
present invention having the above-specified surface roughness and the
st r eaksoc@xtesmtban g fi nirtee fappnax fatiebysci rcunferential direction thereof
enabl es the production of a photosensitive drum which
That is, the substrate produced by the above process

according to the present invention has a surface roughness of

0.5 to 5 um, and is provided on its surface with the streaks

extending in the approximately circumferential direction

thereof without burrs by machining using the above-specified

turning tool. Further, the substrate of the present invention

having the above-specified surface roughness and the streaks

extending in the approximately circumferential direction

thereof enables the production of a photosensitive drum which

is free from defects of a photosensitive layer as well as the

occurrence of interference fringes thereon.

The substrate produced by the above process according to

the preferred embodiment of the present invention, is provided

on the surface thereof with streaks whose projections have a
difference (Ah) in peak height between each projection of
usually 0 to 1 um, a difference (Ak) in minimum height between

each concave of usually 0 to 1 um, and whose concaves have an

average depth of usually 0.5 to 5 pm. In the further



is free fromdefects of a photosensitive |layer as well as the occurrence
of interference fringes thereon. The substrate produced by the abbsMAR 7004
process according to the preferred enbodi nent of the present invention,
is provided on the surface thereof with streaks whose projections have a
di fference (Ah) in peak height betweams-each projection of usually 0 to 1
lam a difference (Ak) i n m ni mum hei ght between each concave of usually

0 to 1 f?éﬁ {GRIHNGAVES v veragacdspt hept wepakky 0.5 to 5
é%e Further 0 i'NAR ggogﬁél rg%sg%erre gnbodlﬁent of the present

'ppgfegﬁ 0o DG S1 SRS NANE13,99RS by 1ah USHAL) ol Opk0r 350 poake! om

s8-0f SUCh’ & substrat e oduced
accordi to t rak,rred e od| i.S. capabl e of ro uc
phot 0sePS? FSRK PEntFs Shrery p?e%]a%éﬁﬂ RS S ding
|nterference fr| es on a_phqgt osensi tive er theré and can exhibit a
furthert%nﬁﬁﬁuﬁiﬁ §¢ e R@lﬂﬁ§6rﬂﬁe8a888§ of nPFREUGLBZe8s for produci ng
a substrate for photosensitive druns accordlng to_the present |nvention,
it is pekeietendis g MihehdchedRs sy el ie PGV FRERT SFOF‘hgegﬁB@H%?e
wi thout burrs, thereby obtaining a substrate suitable for the productlon
of suchimtehbrueersiilivoay on awphohosentisaver davERe theEarf engbdof
interference fringes on a photosensitive |ayer thereof. Further, the
subst r atan pexidilcied a urtheralsovensedc ems lasyor ding to the present
invention can be wused to produce a photosensitive drumwhich is free from
As described above, in the process for producing a

substrate for photosensitive drums according to the present

invention, it is possible to form fine streaks on the surface

of the substrate without burrs, thereby obtaining a substrate

suitable for the production of such a photosensitive drum

which is free from the occurrence of interference fringes on a

photosensitive layer therecof. Further, the substrate produced

by the above process according to the present invention can be

used to produce a photosensitive drum which is free from

defects of a photosensitive layer formed thereon as well as

the occurrence of interference fringes, and exhibit a further

enhanced guality.



defects of a photosensitive layer fornmed thereon as well as the
occurrence of interference fringes, and exhibit a further enhanced
quality. 0 4 MAR 2004 -19 WHAT IS CLAIMED IS: 1. A process for priidd¥ih 0§ a
substrate for a photosensitive drum conprising machining a cylindrical
stock tube by a turning tool to formga cylindrical substrate having a
surface roughness of 0.5 to 5 um and bei ng provided on the surface
thereof with the streaks extending in the approximately circunferenti al

di rect iYBHAR ey GAIMED dS:rning tool being constituted by nonocrystalline
di anond and having a cutting edge provided with a sawlike portion al ong
an effective cutting length thereof. 2. A process according to claiml1,
wher ei n sald—séwﬂﬁQG§SSpéﬁﬂi@ﬁodpcﬂﬁé gustbagretgefaredso formed as to
extend from the cutting edge up to a flank thereof. 3. A process

accor diptp taserisdithve, duuer, eicompaiigisgwnbirkénipgr &i onliodneda bl oveck he
cutting edge of the turning tool, have projections having a difference in
peak hetghd Hetaverirnieachoplojtectoon af cQlindtical andscoacaviesvim@yi ng a
difference in mninmmhei ght between each concave of 0 to 1 um and an

aver age; daptfaef uHnedss winohased enpanagdepagsgppakvhecghin ohet he
projections. 0 4 MAR 2004 - 20-
surface thereof with the streaks extending in the
approximately circumferential direction thereof, said turning
tool being constituted by monocrystalline diamond and having a

cutting edge provided with a saw-like portion along an

effective cutting length thereof.

2. A process according to claim 1, wherein said saw-1like
portion of the cutting edge are so formed as to extend from

the cutting edge up to a flank thereof.

3. A process according to claim 1, wherein said saw-like
portion formed along the cutting edge of the turning tocol,
have projections having a difference in peak height between
each proijection of 0 to 1 um, and concaves having a difference
in minimum height between each concave of 0 to 1 ym and an
average depth of 0.5 to 5 um based on an average peak height

of the projections.



9. A process according to claim1l1, wherein said projections of the
saw |l i ke portion formed along the cutting edge of the turning tdo} MY a
density of 10 to 350 peaks/mm 5. A substrate for a photosensitive drum
which is produced by the process as defined in claim1l, having a surface
roughness of 0.5 to 5 pm having a difference in peak hei ght between each
projection of O to 1 darn, a difference in mninmm hei ght between each
concave of 0 to 1 pmand an average depth of the concav of 0.5to 5 pm
based on an 4avarByecpeakaBePHhtnGf -¢ h%lo‘?)lﬁ%jje'ct‘?’q'b%?magsaa %ei ng provi ded on
a surface thereof with the streaks extendi Bﬂ?i n the approxi nettteilgy

ci rcunfprenetatodirett tha sher ebke behoie" biATRSA 621 90% et rat'e ACtor di ng
to claim5, wherein said streaks have a density of 10 to 350 a&ea}s/mn

edge of the turning tool have a density of 10 to 350 peaks/mm.

5. A substrate for a photosensitive drum which is
produced by the process as defined in claim 1, having a
surface roughness of 0.5 to 5 um, having a difference in peak
height between each projection of 0 to 1 pm, a difference in
minimum height between each concave of 0 to 1 um and an
average depth of the concaves of 0.5 to 5 pm based on an
average peak height of the projections, and heing provided on
a surface thereof with tﬁe streaks extending in the

approximately circumferential directicn thereof without burrs.

6. A substrate according to claim 5, wherein

said styeaks have a density of 10 to 350 peaks/mm.



