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A NMVETHOD OF SURFACE 'PROCESSI NG, A SURFACE PROCESS DEVICE{ A VTR,bRUM
CYti KDER, PI STON, ROLLER OR ELECTROPHOTOGRAPHY PHOTOSENSITIVE DRUNIMVTH
THE/ SBRFACE THEREOF PROCESSED FI ELD OF THE | NVENTI ON Thi s
invention relates to a surface process nethod for formng a hard, snooth
and durable surface of a material, a surface process dévice, and a video
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FIELD OF THE INVENTION

This invention relates.to a surface process method for
forming a hard, smdoth and durable surface of a material, a
surface process device, and a video tape recorder(referred to
VTR hereinafter) drum, a cylinder, a piston, a roller or an
electrophotography photosensitive .drum with the surfacé
thereof processed with the surface process method or with the

surface process device.

BACKGROUND OF THE INVENTION

Conventionally, a surface layer is fqrmed on vafious
materials using substances giving desired properties to the
materials, such that hardness, smoothness, wear resistance or
other property of the materials is improved. For ex;;ple,
when the surface layer is formed of glass having hardness and
smoothness on the material, the material _is Eiven raised
hérdness and smoothness. .

In a proposed method of forming the surface layer of
glass, glass powder is thermally sprayed on the surface of a
metal.

However, following problem exists in such surface layer

of glass. The surface layer is formed on the metal material

~different in quality from glass. Adhesion of glass to metal
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Since irregularities on the surface 1layer, resulting

from the thermal spraying, stay as they are, the surface
layer is insufficiently smooth.

In VTR, a tape always slides on the” outer peripheral
surface of a rotary or fixed drum. Therefore, the drum
requires sufficisnt hardness snd wear resistance to be
durable against tﬁe sliding of the tape, and also requires
surface smoothness so as to protect the tape from sliding
friction. Conventionally, the drum is formed of aluminum
alloy, and the outer peripheral surface of the drum is
specularly finished by cutting and grinding. However, the
outer peripheral surface is still insufficient in its
hardness, smoothness and wear resistance. Cylinders and

. -

pistons in wuse for an air compressor, an air-conditioner

refrigerant gas compressor or an engine also receive friction

on their inner and outer peripheral surfaces, and require to.

have hardness and wear resistance to bear such friction.
Sufficisnt smoothness is also required so as to reduce the
quantity of energy consumed by the friction. Also, an
electrophotography photosensitive drum receives friction with
a brush and a printing sheet sliding_sn the oﬁter peripheral
surface thereof, and requires hardness and wear resistahce to

bear the friction. Sufficiently smoothness is also required



| ayervis insufficiently snooth. In VIR, a tape always slides on the
outer peripheral surface of a rotary or fixed drum Therefore, the
drum ‘requires sufficient hardness and wear resistance to be durable

agai nst the sliding of the tape, and also +8qguires surface snpothness so
as to protect the tape from sliding friction. Conventionally, the drum
is formed _of _alupginum allo and the outer peripheral surface of

the drum £98 tgﬁe&h?ﬁrl?ucpi%bgﬁeHhByPEHPP%ﬂg sheetrandi e brpskvetre the
out er eripheral ,syrface .is, stil ipsufficient in its hardness,
snDothngssppgﬁﬁcgﬁgryr?@sﬁgfﬁﬁbgg Wt§?iﬁﬁ%r§r“ﬂnd pi stons in use for an
air conpressor, an air-conditioner refrigerant gas conpressor or an engi ne
al so receive friction on their inner and outer peripheral surfaces, and

require t ogyMiAKe BRM FHRSSNORNTYERS resistance to bear such friction.
‘Sufficient snmoothness is also required so as to reduce the quantity of
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slidi ng onglassousarfpeei phgenl hasingasaertheient, aandsieAui t6S hatéress and
wear resistance to bear the friction. Sufficiently snoothness is also
required and having surface smoothness,  such that the hardness,
smoothness and wear resistance of the material are enhanced.
To attain this and other dbjects, the.invention provides
a method of surface processing, in which a surface of
workpiece is heated and melted, water glass is applied to the
surface and immediately the surface is plastically deformed.
In another method according to the invention, water
glass is first applied to the surface of workpiece, the
surface is heated and melted, and immediately the surface is
plastically deformed.
In further method according to the invention, the
. surface of workpiece is heated and melted, concurrently ;ater
glass is applied to the surface, and immediately the surface
is plastically deformed.
Instead of water glass, water glass mixed with metal
powder, ceramic powder or silicon dioxide powder can be used.
As the metal powder, titanium powder is used, and as the
ceramic powder, alumina powder is used.
In the invention the surface of the workpiece is

plastically deformed by rolling or burnishing.

As aforementioned, immediately after the surface of



-3- «for the drum such that the printing sheet and the brush are
protected fromfriction with the drum SUMMARY OF THE | NVENTI ON

Wher ef'ore, an object of this invention is to provide a glass surface |ayer
havi ng sufficient adhesion to material anrdé4having surface snoot hness, such
t hat the hardness, .snoothness and wear resistance of the material are

h d Jo attain this and o objects, the invention provides a
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deforned. glass is applied to the surface and the surface is thermally
melted, or immediately after the surface is thermally melted
and concurrently water glass or powder mixed water glass is’
applied to the surface, plastic deformation is carried out.

During the plastic deformation, pressure is given such
that water glass or powder mixed water glass is mingled or
entangled at the interface with the melted or half-melted
surface of the workpiece. Remarkably firmly adhered
structure is formed between the workpiece and the water.glass
or powder mixed water glass.

The plastic deformation smoothens the surface of water
glass or powder mixed water glass. Concurrently, heat of
melted or half-melted part of the surface changes water glass
into wusual hard glass. Through cooling, the glass layer is
formed on the surface of the workpiece. Consequently;\ the
surface of the workpiece is given improved hardness,
smoothness and durability.

By using the water glass with metal powder, ceramic
powder or silicon dioxide powder added thereto, hardness;
wear resistance, smoothness or other quality of the glass
surface layer can be enhanced. As metal powder, titanium
powder or ofher is available, as ceramic powder, alumina

powder, titanium carbide, titanium nitride or other is

available, and the silicon dioxide powder is available. As



In futher nmethod according to the invention, the surface of workpiece is
heat ed and nelted, concurrently water glass is applied to the surface,

i meditately the surface is plastically deforned. | nstead of water

and

on

gl ass, water glass mixed with nmetal powdey,. ceranic powder or silicon

di oxi de powder can be used. As the netal powder, titanium powder is used,
and as the ceram c powder, al um na powder is used. _In the inventi
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‘thermally nelted

other metal powder is desirably mixed, 15 to 30% by weight of
alumina, titanium carbide, titanium nitride or other ceramic

powder is desirably mixed, or 15 to 20% by weight of silica

or silicate dioxide powder is desirably mixed. Especially,

titanium powder advantageously enhances hardness, smoothness,

wear resistance, heat resistance and rusf prevention,

alumina powder enhances hardness and wear resistance,

titanium carbide, titanium nitride enhances hardness, and

silica enhances heat resistance of the surface layer.

Plastic deformation is executed by rolling or
burnishing. During burnishing, the workpiece is compressed
with a burnishing roller or a mandrel.

The invention also provides a surface process device
provided with a heater for heating a part 6f the surface\of a
workpiece, an applicator provided adjacent to the heater for
applying the powder mixed water glass on the heated part, and
a plastic deforming processor provided adjacént to the
applicator for plastically deforming'the part 'appiied with
powder mixed water glaés théreon by the applicatof.
| According to the invention, the heater combined with the
applicator is composed of plasma discharge electrodés having
a supply passage for guiding water glass toward the ¢tip

thereof. Plasma discharge is carried out in a gas or a mixed



and concurrently water glass or powder mxed water glass is applied to the
surface, plastic deformation is carried out. During the plastic
defornation, pressure is given such that water glass or powder m xed water
glass is mngled or entangled at the intgface with the nelted or

hal f-nelted surface of the workpiece. Renmarkably firmy adher ed
structure is forned between the workpi ece and the water glass or powder
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glass surface |ayer can be enhanced. As nmetal powder, titanium powder or
other is aveoviabés,a asy Chder owpthvdelie Dhndh NPer DINERE1 SudPidd M ki gle,
titaniumnitride or other is

processed in the surface process method.

In the surface process device, as a plastic deforming
processor, a roller, a burnishing roller or d mandrel is
used. As a heater, a plasma discharger, an ion plating unit,
a laser radiator, an electronic beam radiator or other is
used. Since water .glass or powdgr mixed watgr glass is
liquid, a nozzle, a rollér, a spray, a doctor blade or other
applicator suitable for applying liquid substance is used.
Especially, when the roller is used as the plastic deforming
processor, the same roller can be used also for applying
water glass or powder mixed water glass. With the roller,
the sufface of wdrkpiece can be finished with high preci;ion.
The use of roller especially strengthens metal material.

For the heater, when a plasma discharger or an ion
plating wunit is wused, simply by directing the electrode
‘incorporated in the heater to an electrically conductive
workpiece, the desired part of the workpiece can be heated or
melted. When a laser radiator or an electronic beam radiator
is used, simply by directing laser or electronic beam to any

workpiece irrespective of its conductivity, the desired part

of the workpiece can be heated or melted.



avai lable, and the silicon dioxide powder is avail able. As

-5 powder, ultramcro particles with a particle dianeter of 50 to 300
angstriom are desirable for naking better the quality of and inproving the
snoot hness of the surface layer. In the _ppwder m xed water glass, 8 to 10%
by weight of titaniumor other netal povvder is desirably mxed, 15 to 30%
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Pl astic deformation IS executed I ng or burni shing

Duri ng burncwhr@gthéhE1ﬂDtk@reﬁﬁ,ISnoﬁnéﬁr96§8ﬂate nozzle is required,
thereby simplifying the structure of and reducing the size of
the device for precise process.

Even if the VTR tape slides on the outer peripheral
surface of the VIR drum, processed in the aforementioned
surface process method, during long use, the glass surface
layer is 'prevented from peéling off the VTR drum. The
surface hardness and wear resistance of the drum can be
maintained long, thereby resulting in high durability. Such
highly durable drum can be used in good condition for a 1long
time of period. Furthermore, since the VIR drum is provided
with sufficient surface smoothness, weaf on the VIR tape can
also be reduced.

The cylinder having the inner peripheral sﬁ;face
processed, .and the piston or the electrophotography
photbsensitive drum having the outer peripheral surface
processed in the aforementioned surface process method can
bear the sliding of another member on the peripheral surface
thereof. The glass surface layer is prevented from peeling
off the surface of the cylinder, the piston, the roller or
the photosensitive drum, thereby maintaining surface hardness

and wear resistance and providing high durability. - Such

highly durable cylinder, piston, roller and drum can be used



with a burnishing roller or a mandrel. The invention also provides a
surface process device provided with a heater for heating a part of the
surface of a workpiece, an applicator provided adjacent to the heater for
appl yi ng the powder m xed water glass on the heated part, and a plastic
deformng processor provided adjacent- 8o the applicator for

| asti II def o ng.the pagt applied with owder m xed water gl ass
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el ectr ophot ography photosensitive drumwth the outer periphe
surface ¢ompeeésor preoReséginei dr other. af orenenti oned surface process
met hod. Also, the invention

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will now be described, by way of example,
with reference to the drawings, in which:

Fig. 1 1is a schematic view showing a method of surface
process of a VIR rotary drum embodying the invention;

Figs. 2A, 2B are cross—-sectional views showing the
forming of a glass layer on the outer peripheral surface of
the VTR rotary drum;

Fig. 3 1is a cross-séctional view of a surface process
device embodying the invention;_

Fig. 4 is a plan view of the surface process device;

Fig. 5 is an enlarged cross—sectional view of the ‘main
part of the surface process device;

Fig. 6 is a front view showing the periphery of an
electrode nozzle or the surface process device;

Fig. 7 is a partial view showing the periphery of a
roller of thé surface process device;

Fig. 8 1is a schematic view of a numerically controlled
cutting machine dr a machining cénter with the surface

process device shown in Fig. 3 mounted thereon;

Fig. 9 is an enlarged cross—-sectional view explaining



provides a cylinder with the inner peripheral surface t her eof processed in

t he surface process nethod. In the surface process device, as a

pl asti'c deform ng processor, a roller, a burnishing roller or a
mandrel is wused. As a heater, a plasme discharger, an ion plating unit,
a laser radiator, an electronic beamradiator or other is used.

Since water glass or powder mixed water glass is liquid, a nozzle, a
rol ler, a B aymaingRept phderesessibeing gpxeeutet BY tihe e sunface
applying liguid substance is wused. Especially, when the roller is used

as the pl BITEL%UtoYHfhy processor, the sane roller can be used al so for
applying water assa 0§ . P ) te JWih the roller t he
surface of wor k%?%bef%a{ns b%ﬁ\?‘lgéﬁl rs%ie(%gvmg\fh %i g g%‘fe%?\‘/%ll%%‘?p alrhée) %'y :
roller especidd! ¥p5i{E00P el oEY fhe "BAE i Mention; FOr the heater, when a

pl asma di scharger or an 1on plating unit 1s used, sinply by directing the

electrode incorpgplaied i& the1dLRt&1dé OvPEw CHECERS CRIpY SONUML | VEaser
wor kpi ece, the desired part of the workpiece can be heated or nelted. Wen

a | aser rafhdi®toprand £ wetéprgladeaagpphieater; amdused, sinply by
directing |l aser or electronic beamto any

' Fig. 12A is a schematic view of a head of modified

surface process device embodying the invention, aﬁd _Fig. 12B
is a schematic view showing thermal application with an

electrode combined with a function of discharge nozzle ‘and

plastic deformation with a mandrel.

DETAILED DESCRIPTION OF THE'PREFERRED EMBODIMENTS
FIRST EMBODIMENT

As shown in Fig. 1, a VIR rotary drum'2, formed of
aluminum or aluminum alloy, has a cylindrical periphery 4.
For surface process, the VTR rotary drum 2 is firmly

<

supported by a not-shown rotary device, by engaging a central
shaft of the rotary device into an axial hole 6, such that
the drum 2 is rotatable and its rotation axis is held steady.

An electrode 8, a nozzle 10 and a roller 12 are disposed
in order at predetermined intervals on the upper part of a
peripheral surface 4a of the drum 2. While the drum 2 is
rotated, high voltage is suppliéd to the electrode 8 and
plasma discharge starts on the peripheral surface 4a. Plasma

discharge is carried out in, for example, Ar gas. Instead of

Ar gas, He gas, Hzgas, N2 gas or the mixture of these gas can



wor kpi ece irrespective of its conductivity, the desired part of the

wor kpi ece can be heated or nelted. ' .

-7-« 7 The heater can also be conbined with the applicator. Especiallsy,
when the heater and the applicator are conposed of a plasnma di scharge
electrode provided with the supply passag O for gui ding water glass or
powder ed water glass toward the tip thereof, another separate nozzle
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hi gh durability. Such highly durable drum can be used I'n goo I on

for a longlayer 16 is rolled down with the roller 12, the melted and
half-melted portions of the layer 14 and the water glass
layer 16 .are plastically deformed. During plastic
deformation, the water glass 16 cools down 'the melted
layer 14 and is concurrently heated and transformed to' a
glass layer 18.

About 8% by weight of ultramicro titanium powder having
an average particle diameter of about 50 angstrom is mixed in
.water glaés.

The entire peripheral surface 4a is, as aforementioned,
heated, applied with water glass and.rolled in series. The
formed width_of glass layer 18 is narrower than the Width of
the peripheral surface 4a. Therefore, the VIR rotary drum 2
is rotated and is concurrently moved in parallel with\ the
rotation axis, such that the glass layer 18 is formed all
over the peripheral surface 4a.

The aforementioned rotation and movement of the drum 2
is relative to the electrode 8, the nozzle 10 and the
roller 12. Alternatively, they can be rotated and/or moved
in parallel relative to one another or relative to the
drum 2. For completely cooling of melted layer 14, cool
water can be supplied via a cooling nozzle 20 to the

roller 12 and/or to the glass layer 18.



time .of period. Furthernore, since the VIR drumis provided wth
sufficient surface snoothness, wear on the VIR tape can also be reduced.
The. cylinder having the inner peripheral surface processed, and
the piston or the el ectrophot ography tiphot osensitive drum having the
outer peripheral surface processed in the aforenentioned surface process
met hod can bear the sliding of another nenber on the peripheral surface
thereof. The Jihess glasmcelaxsmerls sigy amentdihgnasmatiesililyy shiown hdn
surface of the c Ilnder the piston, the roller or the photosensitive

drum t herfeig, Qﬁniﬂji an fidhe mm@sﬂ fnrfageda hysiheadding adde
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ness ere

surface snoo y pro |ng T ne ers *her®éon rom

wear. SuchyGydd ndleiyéizndléj,' St%ﬁ@sé@?%y the roller 12, is forced to

form a surface having smoothness and precise dimensions,
corresponding io precision in dimension of surface of the
roller 12.

The melted or half-melted cylindrical periphery 4 of the
drum 2 is brought in contact with water glass, transforming
the powder mixed water glass into glass. The glass forms a
layer mi;ed with aluminum alloy. 1In the mixed layer 22 glass
and aluminum alloy are partly mixed wiﬁh each other and are
entangled with each other. The mixed layer 22 assists the
glass layer 18. in firmly bonding to the cylindricai

- periphery 4. Even if glass powder is thermally sﬁrayed on.
the surface of aluminum alloy, such mixed layer 22 failf to
be formed. The glass layer 18 is prevented from peeling off
the peripheral surface 4a during operation of the VIR rotary
drum 2, different from the conventional art. The formed
glass layér 18 is hard, wear—-resistant, and is prevented from
being worn by.ythe VTR tape. The glass layer 18 is
intrinsically non-porous. Further, the surface 18a of glass

_layer 18 is cooled and concurrently smoothened by the
roller 12, different from as in just application of melted

glass. The surface 18a " has surface smoothness and is

prevented from wearing the VTR tape.



for the air conpressor, the air-conditioner refrigerant gas conpressor,

t he engi ne or other. BRI EF DESCRI PTI ON OF THE DRAW NGS The

i nvention will now be described, by way of exanple, with reference to the
drawi ngs, in which: Fig. 1 is a scheffatic view showing a nethod of
surface process of a VIR rotary drum enbodyi ng the invention; Fi gs.
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showi ng the periphery of a roller of the surface process device;

Fig. 8 is andchBkatis vEEw3bdgfa nuimrthal | ymbodimeht¢d when the glass

' layer 18 including titanium is formed on the peripheral
surface 4a, its Vickers hardness is " 160HvS, its friction
coefficient s is 6.072 and £ k is 0.059, and frictional
resistance force Fs is 14.40gf and Fk is 11.72gf.
When the glass 1layer 18 is.formed from water glass
inéluding 18% by weight of ultramicro alumina .powder, its
Vickers hardness is 164Hv5, its friction coefficient u« s. is
0.092 and # k is 0.084, and frictional resistance force Fs is
18.43gf and Fk is 16.72gf. When the glass layer 18 is formed
from water glass including 40% by weight of ultramicro silica
powder, its Vickers hardness is 145Hv5, its friction
coefficient s is 0.100 and # k is 0.076, and frictional
resistance force Fs is 19.90gf and Fk is 15.14gf. h
The glass layer 18 as.shown in Fig. 2A is ground such

that part 22a of the mixed layer 22 is exposed onto the
surface 18a of the glass layer 18 as shown in Fig. 2B. The
mixed layer 22 has sufficiently higher electric conductivity
than the glass layer.18. Therefore, static electricity
produced by friction between cylindrical periphery 4 and VTR
tape is escaped from the VIR rotary drum 2, without being

accumulated inside the drum 2. Since the glass layer 18 is

formed remarkably thin, the surface condition can be from the



cutting machine or a machining center with the surface process device
shown in Fig. 3 nounted thereon; Fig. 9 is an enl arged cross-secti onal
vi ew expl ai ni ng . - 9- the main part of
process being executed by the surface pfdsSess device; Fig. 10 is an
end view of a |aser radiator and a water gl ass applicator enbodying the

i nvention; . Fig. 11 is a |left_side view of the tip of the |aser

radi at or i St wALrSRsP DB i ZBor; Inrkhis cagg g gninding dschardlv
view of a head of nodified surface process device enbodying the invention,
and Fig. I3 schemati ¢ vi ew showi ng thermal application with an
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EMBCDI MENIg; rface 18a, heat made by friction between the periphery 4
and VTR tape can be easily discharged. Because the mixed
layer.22 has higher thermal conductivity than the. glass
layer 18. Therefore, tempepatures are prevented from rising
due to heat stored inside the drum 2. When alumina or silica
is__mixed in water glass, effectiveness similar t; the
aforementiohed can be provided.

SECOND EMBODIMENT

As shown in Fig. 4, a surface process machine 101 is
composed of a body frame 103, an .electrode nozzle 105 for
heating and applying water glass, a roller 107 for
plastically deforming a surface and a guiding part 109.

The electrode nozzle 105 haé a disc form as shown in
.Fig. 6. As'shoﬁn in Fig. 5, an electrode 113 is disposed in
a diametrical direction inside a disc board 111. Tip llsa of
electrode 113 is exposed +to the outside from the outer
periphery of the disc board 111.

As shown 1in Fig. 3, opposite to the electrode 113, a
nozzle 115. is disposed in a diametrical direction. In the
Body frame 103 a water glass passage 117 is passed through.
Water glass mixed with powder in the same manner as the first
embodiment is introduced from the guiding part 109 through

the passage 117 toward the nozzle 115 and is discharged out

. of an opening 115a in the nozzle 115.' In the water glass



FI RST+ EMBODI MENT As shown in Fig. 1, a VIR rotary drum 2, fornmed of
alun1nun1or al um num all oy, has a cylindrical periphery 4. For surface
proeess, the VIR rotary drum2 is firmy supported by a not-shown
rotary device, by engaging a central shaft ¥f-the rotary device into an
axi al hole 6, such that t he drum2 Is rotatable and its rotation axis is

hel d stea rode e 10 and a,r 12 are dlsposed
in order % pre%seterrﬁ Sg%él THt ervaq ' 0 12%‘?1 aﬁepp%rfo‘f)]a‘ﬁgo}for S‘H@"rqlr

surface 4 I ol tage |s
suppl i ed %p{eheélgll&e%t rogdee ié!}{a ﬁFasmat dlfzesc??far{t?é 2‘%%% séuogl %r/\e peri pher al
surface 4a. Pl agdreshélns Civarieg | S5 CaEKd %&%rddb 105 fXaMsortdd ¥°-an

I nstead of Ar gas, He gas, H2gas, N2 gas or the mixture of these gas can
- 10 - beinsskstindardpad®dr ey DEdiddetid dise fseerdar1i s Aeldibing

thereby formng a nelted | ayer 14. On the other hand, water

plate 125 is in contact with one side of rear end 113b of the
electrode 113. The opposite side of the rear end 113b is in
contact with the wire guide tube 127, such that the
electrode 113 is secured inside the disc board 111. A
conducting wire 143 passing fhrough the wire guide tube 127
is connected to the rear end 113b of the electrode 113. The
closing plate 125 is opposed to the wire guide tube 127 and
secured with screw onto the disc board 111.

The roller 107 is, as shown in Figs. 4 and 6, provided
with four rollers 129, a roller frame 131 for rotatably
supporting the rollers 129, an adjustment housing 133 and a
locking nut 135. Each of the rollers 129 is rotatably
secured onto every quarter of the periphery of the roller
frame 131. A part of the roller 129 is, as shown in Fi;. 7,
inclined inwards by about 1.5 degrees relative to the axial
direction or proceeding direction S of the body frame 103,
such that the roller 129 is brought into contact with a
workpiecé by the part} Such inclination is provided for
protecting the roller 129 from abrupt loading of the
-workpiece or for raising precision in processing the

_ ﬁorkpiece.
The roller frame 131 is a cylindrical member disposed at

a predetermined position of the body frame 103. The movement



glass-is supplied via the nozzle 10 onto the nelted layer 14, thereby
fofmng a water glass |ayer 16. Wien the water glass layer 16 is rolled
down wth the roller 12, the nelted and half-melted portions of the |ayer
14 and the water glass layer 16 are pladbti€al |y def or med. Duri ng
plastic deformation, the water glass 16 cools down the mel t ed

layer 14 g ¢ rent 1y, heated and. t.ransforned .to,.a l.ass .| ay 18.
About 8% by V\%%ght o# ueé[lr am (t}'re(;ast 5 cgtrﬁijrﬁrbp eraf’ﬁe?v]i r?d‘reé’%lé\?etbgge%le
particle dicyiitdedt aAMimd AYWIUIL TS 1818%d hut'Aldy, I33S- raller The
entire peripheral surface 4a is, as aforenentioned, heated, appliréd wth

water gl asreaaitd ¥30 | €k | urRdd Qoward the fAIFRAMMA hdtfs iHg2983 aps B8 IS
narrower than the width of the peripheral surface 4a. Therefore; the VIR

rotary dreomdress it at esbreing 18 T,0NCWirspuded MowRGweenar ald el anih airhe
rotation axis, such that the glass layer 18 is forned all over the

. peri pher alspagsemadd3m. engagethe wiftdy enmiteppest peaattatlio8a and nbbenemiodyf t he
drum?2 is relative to the electrode 8, the nozzle 10 and the

frame 103 ‘and a stepped part 131a of the roller frame 131.

By adjusting the position of the locking nut 135 relative to

the body frame 103, the position of the roller frame 131 can

be adjusted via the adjustment housing 133.

The roller frame 131 can be rotatably urged toward the
adjustment housing 133 by a bearing 133a disposed between the
roller frame 131 and the adjustment housing 133. When the
roller frame 131 is automatically rotated by a not-shown
motor for surface processing, the rollers 129 attached to the
tip of the roller frame 131 are rotated afound a body
mandrel 139 mounted on the tip of the body frame 103. In the
embodiment, the components of the surface process machine 101

ALY

other than the guiding body 109a are rotated together in a
unit.

Powdef mixed water glass, refrigerant aﬁd high voltage
are supp}ied by the guiding part 109 to the inside of the
body frame 103: the water glass passage 117; a refrigerant
passage 141; and the conducting wire 143 passed through the
wire guide tube 127, respectively. The guiding.part 109 is
connected outside to a not-shown water glass source, a not-
shown refrigerant source and a “high-voltage source 145,

respectively. As refrigerant, -water is wused 1in the



roller 12. Alternatively, they can be rotated and/or noved in parallel
relative to one another or relative to the drum 2. For conpletely
cooling of melted 1layer 14, cool water can be supplied via a cooling
nozzle 20 to the roller 12 and/or to the gl¥ss layer 18.

The glass layer 18 is, as diagrammatically shown in Fig. 2A formed on the
peri pher al 3H5&gﬁ§ @a by heatlng the aforenentioned water glass at high
tenperature or frs sufficiently hard surface |layer. The surface 18a

of the glass |gyerydd, &9 TBRGRACH Hikl ] LR afbrendnt HnEd | lfréace 2

surface having smoot hness preclse di mehsions, correspo

preci sion pﬂodé@?nsﬂlﬂﬂhﬂﬁesﬂﬁiaCEsoéu%Bgrtéﬁlﬁ?r al?tailstod€1 5%
hal f-melted cylindrical periphery 4 the drum 2 is brought |n contact

W th wat ertgbhesl5irafishontmegicalty posfleroll &&0mieh Bhie 3bASS | Hd O Th ASS -

The glass forns a . :
center. A workpiece 155 is rotatably supported by a
chuck 157 and rotated at high speed by oper#ting a motor 159.
The movement of the tailstock 153 in directions X and Z, the
rotation of a motor provided inside the tailétock 153 and the
rotafion of the motor 159 are restricted by a controller 161.
Coincidentally, the quantity and the turning on/off of powder
mixed water glass, refrigerant and electric power flowing
into the water glass passage 117, the refrigerant passage 141
and the conducting wire 143, respectively, are also
controlled by the controller 181. The workpiece 155 is
formed of aluminum or aiuminum alloy. As aforementioned, the
guiding body 109a is held by the tailstock 153, and all the
components other than the body 109a of the surface process
ma@hine 101 are rotated by the motor mounted insidé\ the
tailstock 153. As aforementioned,. the surface process
machine 101 can be adapted such that only the roller frame 131
is rotated.

When the cylindrical workpiece 155 is supported by ~the
chuck 157, the surface procéssing is controlled as follows:
at first, while the workpiece 155 is rotated at high speed,
as shown in Fig. 9, the surface process machine 101 is

inserted to inside 155a of the workpiece 155. Electrical

power is transmitted from the high—voltage power source 145



layer- m xed with alum numalloy. In the mxed |layer 22 glass and al um num
alloy are partly mxed with each other and are entangled w.th each ot her.
The:- mixed | ayer 22 assists the glass layer 18 in firmy bonding to

t he cylindrical periphery 4. Even if glLags-powder is thermally 'sprayed
on the surface of alum num alloy, such m xed layer 22 fails to be forned.

The gl ass Jayer 18 i revented frompeeling off the peripheral surface 4a
durigg ope*%g? of ?h% VAPAGEEhige dvime21434iteerthe  felestrede 113.
conventi or\»f;ﬂ1 Th f or ned gl ass | a%‘?r 18 is hard, wear-resistant,

and is preve?\’t‘%fd&??bmpg%?ﬂ% hor ndiggharged Rapyeencthe Hip Li3a g of qyer
To 13 Lobjederody!Y dea- PoLAs oEMEAISGE. WSrRMILISETST O #RESS oFYe

18 is coo and concurrentl SNDO e t ol

different v6okpesce ssShradRdi €HE1 Ol Of1 58! 1£ho PLESS: tndiy SUAfifngd 52

has surface smoothness and is prevented fromwearing the tape:

-12- a melted part 201. Powder mixed water glass is supplied by
the controller 161 to the nozzle 115. The opening 115a in
the nozzle 115 is disposed behind the tip 113a of electrode
toward the guiding part 109. A water glass layer 202 is
formed with the nozzle 115 on the melted part 201 of the
workpiece 155;
| The water glass layer 202 is immediately rolled or
burnished with the rollers 129. By rolling or burnishing,
the water glass layer 202 is heated by the melted part 201
and is transformed into glass, thereby forming a highly
precise and smooth surface or glass layer 203. Since the
glass layer 203 is relatively hard, the hardness of surface
of the workpiece 155 is increased. Further by plastic

Y
deformation, as aforementioned, since the mixed layer 204 is

formed between the glass layer 203 and the workpiece 155, the
glass layer 203 is firmiy adhered to the workpiece 155.
Since refrigerant or water is introduced from the refrigerant
passage 141 to the surface of rollers 129, giass is prevented
from sticking to the rollers 129.

In the embodiment, the rolling immediately follows the
application of powder mixed water glass to the melted

part 201 of aluminum alloy. Thus processed workpiece is

provided with precise dimension and high performance. . The



Conventionally, when the peripheral surface 4a of the drum2 is specularly
fihished of alumnumalloy, its Vickers hardness is 117Hv5, its friction
coefficient [err] s is 0.123 and [err] k is 0.137, and frictional
resistance force Fs is 24.54gf and Fk is 1&%. 35¢gf. In the enbodi nent,
when the glass layer 18 including titaniumis formed on the peripheral
surface 4a, its Vickers hardness is 160Hv5, its friction coefficient [err]
s is 0.075%nte¢err}axersforned, Oanﬂh? rYerkpiese imsthe pmhodiment Fhas

14. 409f d F 11. 72 18 f d f
vater ol RATIREER LOTAAT 189SERAGE: AR BIER| SARAREYD EF TR FOTRRARRS - | Lo

Vi ckers h 164 f f f t 0. 092, and
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16- 7201 . VUgo{ R OL 355248V Ehn lgraéeéereiw RO £l 5% NS DG, 40%
by wei ght tramcro silica kers ar dness

145Hv5, 'Jrfth tﬁé%%@@@%f&.&.%&%ﬁ& gehs.0.100 and [err] k i< 0. 076,
and frictional resistance force Fs is 19.90gf and Fk is 15. 14gf. The

gl ass |ayer 18 Bg shevatingFo@ly2¢hé Srgl DERdf Saeé 13tlain@arfoﬁ2ﬁ1§f {He
m xed layer 22 is exposed onto the
cross section of the body mandrel 139 polygonally, while the
rollers 129 are rotated around the body mandrel 139 with
being compressed by corner parts of the surface 139a of body
mandrel, they can be cyclically displaced in the direction_of
workpiece 155. The metallic part of the workpiece 155 is
péened by. the rollers 129 and ié hardened. The mixed
layer 204 of glass and metal becomes complicated, thereby
raising the durability of glass layer 203.
The workpiece 155, an electrical conducting wire, is
heated and melted by displaceably discharging plasma. Even a
low electrically conductive workpiece or a non—current

-

carrying workpiece can be partly heated and melted by non

displacing plasma discharge, 1laser beam radiation or
electronic beam radiatioh. For lasef beam radiation, a laser
oscillator can be provided inside the body frame 103, inside
the disc board 111 or outside the surface process
machine 101, such that léser beam is introduced toward the
gozzle 115. For electronic beam radiation, the corresponding
radiatdr is provided in the same manner.

THIRD EMBODIMENT

A laser radiator 171 shown in Fig. 10 is mounted on a



surface 18a of the glass layer 18 as shown in Fig. 2B. The mxed |ayer
22° has sufficiently higher electric conductivity than the glass |ayer
18.- -Therefore, static electricity produced by friction between
cylindrical  periphery 4 and VIR tape is escaped fromthe VIR rotary drum
2, without being accunulated inside the drum 2. Since the glass |ayer 18
is formed remarkably thin, the surface condition can be fromthe

- 13 - fPP@Frasaéégn eAntrglled maching easa, gearhinknei scemtery for

necessary art 22a of tEe m xed | ayer 22 S exposed on the
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or silica Is mxed In l'ass i veness srnil ar~
beam source. The part of the workpiece 155 is melted and

concurrently powder mixed water glass is discharged to the
melted part by the laser radiator 171.

As shown in Fig. 10, body 173 of 1laser radiator 171
almost. has a shape of letter Z. The path of laser beam is
provided with a guide tube 173a, a laser protective
tube 173b, and a beam discharger 173c. Laser beam is
introduced. from the guide tube 173a through thé laser
protective tube 173b to the beam discharger 173c. After
laser beam passes through a converging lens 173d, it is
radiated .through one passage of a nozzle 173e to the
workpiece 155. Powder mixed water glass passage 175 connects
with the other. passage of nozzle 173e, as also shown in
Fig. 11. Powder mixed water glass supplied from the o;:side
is discharged from the nozzle 173e to the workpiece 155
.behind the position of laser beam radiation, i.e. toward the
side.of the guide tube 173a.

By combining the roller 107 shown in Fig. 3 with the
laser radiator 171, as shown in Fig. 9, a desired position of
the workpiece 155 can be melted by laser beam'and at the same
time powder mixed water glass is sprayed oﬁto the desired
position. The application of laser beaﬁ and powder mixed

water glass can be immediately followed by the rolling. With



af orenenti oned can be provided. SECOND EVMBODI MENT As shown in Fig. 4,
a Surface process nachine 101 is conposed of a body frane 103, an

el ectrode nozzle 105 for heating and applying water glass, a roller
107 for plastically deform ng a surface-agpd-a guiding part 109. The
el ectrode nozzle 105 has a disc formas shown in Fig. 6. As shown in Fig.
5, an electrode 113 is disposed in a dianetrical direction inside a disc
board 111.tIH9 19ombinatipnct thelesutBace efpaseeramichegbassi der f ravhdahe
outer periphery of the disc board 111. As shown in Fig. 3, opposite
to the el RPPoHRrEeAL %@rﬁ6£§$ewglspl?§ed?%%o%%dp?%c%ﬁﬁﬁﬁnetr|ca

hr ough. . YRvEFE PAEeo B LTI Dona, il ng Z‘%Zmpﬁiﬁﬁgf ié;t e Fir Z?dm
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nozzl e 115int$nat@§nt¥§ieﬁolgl§§§ of a cylindrical tool 301. A diamond

tip member 307 is attached to .the tip of each mandrel 305.
The mandrel 305 is supported by a support 309 on the
tool 301. The force applied to a workpiece 313 by the
mandrels 305 is adjustéd with respective screws 311. The
support 309 is disposed in three_of six recesses 315 provided
on the tip of the tool 301. By fastening an annular 1lid
member 317 onto the tip of the tool 301 with bolts, the
support 109 is secured onto the tool 301. |

An electrode nozzle 319 is secured to one of the
recesses 315. As shown in Fig. 12B, a water glass supply

passage 321 is provided in the center of the electrode
nozzle 319.
-

In the embodiment the workpiece 313 is disposed in the
central hole 303 of the tool 301. By bringing the mandrel
tip members 367 into contact with the surfaée of the
workpiece 313, the workpiece 313 is rotated in the direction
of an arrow #hown in Fig. 12A. High voltage is applied to
the electrode nozzle.319.and at the same time powder mixed
water glass 323 is supplied thrbugh the water glass supply
passage 321. Plasma is discharged between the tip 319a of
electrode mnozzle 319 and the workpiece 313, thereby melting

the surface of the workpiece 313 and forming a melted



- 14 - passage 117, spacers 118a, 118b are provided for supporting a

wi fe guide tube 127 in the nmiddle of the passage 117. As shown in
Fig. 5 the electrode 113 is supported by an insulating spacer 119 inside
the disc board 111. A closing plate 125 is by contact with one side of
rear end 113b of the electrode 113. The opposite side of the rear end 113b
Is in contact with the wre guide tube 127, such that t he

el ectrode PETt 3d3agecRawder miixgsl water @glass 1888 dslbppliad croductheg
wire 143 passing through the wire guide tube 127 is connected to the rear
end 113b of&4%& elgé@tstsodéu??éy PRfSagS @ﬁlng’fﬁloattélelzslells*redpp@ds@(ﬂ 8d3ehe

W re guide el and ecured with screw.onto the disc board 111.

The rgl I er w&'dg %Zl s dREkRLeseri3 S 18 AnFatedhasyi adorementiopsdr  thRl ers
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roller frame 131. A part of the roller S, hown

i nclined |@Mﬁﬁ@%ebbfamﬂéiwbr&pQQﬁk3%§3rqga%%ﬁ%r%%s@h@aﬁﬁ!%hrn1shed with
the mandrel tip members 307.

Consequently, a glass layer 325, similar to the glass
layer 18, is formed on the surface of workpiece 313. In the
embodiment, the workpiece 313 similar in performancé to the
VTR rotdry drum 2 of the first embodiment can be completed.
Furthermore, the electrode nozzle 319 is a combination of a
nozzle and electrode, thereby making compact the entire
structure of the tool 301. The surface process tool 301 has
a simple structure and is advantage for precise processing.

If powder is supplied through the water glass supply
passage 321, it is burnt'to stick to inside of the eleg}rode
nozzle 319, thereby clogging the paésage 321. The electrode
nozzle 319 also sticks to the workpiece 313. Yield or
process efficiency would be deteriorated. When the powder
mixed water glass 323 is supplied to the water glass supply
passage 321, however, it is prevented from thermally sticking
to the electrode nozzle 319. To the contrary, even if’
something sticks to the nozzle 319, it can be removed with
pressure of discharged powder mixed water glass 323.

In the same manner as in the first embodiment shown in

Fig. 1, the electrode 8 and the nozzle 10 can be separately



direction or proceeding direction S of the body frame 103, such that the
roller 129 is brought into contact with a workpiece by the part. Such
inctination is provided for protecting the roller 129 from abrupt

| oading of the workpiece or for raisieg-precision in processing
the workpiece. The roller frame 131 is a cylindrical nmenber disposed
at a predetermned position of the body frame 103. The novenent

- 15 - of PrA¥iflednenithe; dopdsdPileted in the axial dlrectlo? by thg

adj ust nent housj 133 and, the Iockln nut 135. The roller rame 131 is
urged t owar d thgﬂgﬁjuéPﬁﬁﬁﬁlﬁﬂugFﬁg £83 B?S&rléﬁﬁpﬂéggPoﬂltEprFﬁﬁeIsnce
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body frane 103, the position o the ro
skilled in the art wupon reading and understanding the

specification. Despite the use of the embodiments for
illustration purposes, the invention is intended to include
all such modifications and alterations within the spirit and
scope of the appended claims.

For example, the workpiece.155 or 313 can be heated and
melted through ion plating or are heating.

Industrial water g8lass No.1, No.2 or No.3 according to
Japanese Industrial Standards can be used. The viscosity of
the water glass can be adjusted by adding water, such that a
desired thickness of water glass can be easily applied to a
surface of workpiece corresponding to condition of the
surface or dischargeabilify of a water glass applicator. The

- -
water glass can be mixed with a heat resistant inorganic
pigment or other coloring agent, or with various additives
for transforming glass. Only with the water glass of the
aforementioned embodiments, the hardness, smoothness and wear
resistance of the workpiece can be enhanced.

In the first to third-eﬁbodiments, the workpiece 155 or
313 is heated, applied with powder mixed water glass.and is
then plasticélly deformed. In the fourth embodiment the

workpiece is heated and applied with water glass at the same

time and is then plastically deformed. Alternatively, the



be adj usted via the adjustnment housing 133. The roller frame 131 can
be" rotatably urged toward the adjustnent housing 133 by a bearing 133a

di sposed between the roller franme 131 and the adjustnent housing 133.
Wien the roller frame 131 is automatical Lysyotated by a not-shown notor
for surface processing, the rollers 129 attached to the tip of the roller
frame 131 are rotated around a body mandrel 139 nounted on the tip of the
body franmevweoBpipget B85 epgodBA8nt canhbecopporessedof byhefolil bwingpr thess
machi ne 101 other than the guiding body 109a are rotated together in a
unit . PPeREEnTRi R€dapRI¥Ang 8fsvWaterr BJassnt h&ﬁalnzghndopﬂ-agélcaiév

supplied b U|d|n a 109 to the inside of the frame 103: the
wat er glasé %3§§ 65’1fgcgat B | 38r§ﬁpe 65§§&§évfﬂfssaﬁﬁ PﬁétCBﬁEH&PFHQ

wire 143 p hr h.the .wire uid tube 127, respectively. The
gui di ng pa??%%0§he'%ggggﬁﬁggfgdcgﬁtg d& 8 a® ﬁOt shomn wat er gl ass source,

a not- shown r%k%'&%& 4 028U158 %Qd3§3hbgh1ﬁglE@g%d§835%ei;4§brmed of

respectively. |gerant wat er I'nthe .
aluminum or aluminum alloy. Alternatively, it can be formed
of other metal, glass or ceramic.

In the embodiments, the sufface of the VTR rotary drum 2
and the workpieces 155, 313 is processed. Such surface
process method can be applied to the inner periphery of a
cylinder for an air compressor, an air-conditioner
refrigerant gas compressor or an engine or to the outer
ﬁeriphery of a piston for an air compressor, an air-
coﬁditioner refrigerant gas compressor or an engine, thereby
improving hardness and wear resistance of the peripheries as
well as durability of the cylinder and the piston. The
surface smoothness of the peripheries is also enhanced, and
friction on the peripheries is decreased, thereby minimizing
the quantity of energy consumed due to friction. The
aforementioned surface process method can be applied to the
outer periphery of an electrbphotography photosensitive drum,
thereby raising hardness and wear resistance of the periphery_
as well as durability of the drum. Surface smoothness of the
periphery is also enhanced, and friction on the periphery is

decreased, thereby protecting a printing sheet or a brush

from friction with the periphery on which it slides.



. 16 -  enbodi nent. In use, as shown in Fig. Wéd
sufface process machine 101 is supported by a tailstock 15

151. of" a nunerically controlled machine or a ﬁHChInld

wor kpi ece 155 is rotatably supported by 24a- chuc ﬂmﬂ(ﬂmﬂwﬂ Eﬂ!

hi gh speed by operating a motor 159. The novenent of "thé thilstoc in
direction Z rotation of a notor provided inside the tallstock
153 and tﬁgﬁfnf%tQ%IW D} notor 159 are restricted by a control | er 161.
Coincidentally th uaptity and the tur on/ of f_of _powder ed wat er
gl ass, refrlgerantﬁan %%t?f%??ﬁﬂwﬂe#ﬁ %méthT+ﬁ%P§h ﬁwﬁ%ﬁpiﬂ s passage

117, the refrigel@pin aéﬁ&lglﬁeﬂ? gsu%fgg? %ﬁéfﬁg‘f evm re 143,

respectlvely, are Iso Y 161. The

wor kpi ece 155 4 1 § O 8E6L Od a%ﬂ@%@“ﬂaogaﬁ%gﬁ%Pﬁgathe ta|IstOCk 153, and

af orenmenti oned, t gui di ng body 109a iIs

all the conponamgdpawryt@mw@appﬁydé@@mgtmlmamec@rocess
nachlne 101 are rotated by the notor nounted inside the

2. A surface process method comprising the steps of:

applying water glass to a surface of workpiece;

hegting and melting said surface; and

,immediately plastically defofming said surface.

3. A surface process method comprising the steps of:

heating and melting a surface of workpiece;

concurrently applying water glass to said surface; and

immediately plastically deforming said surface.

4. A surface process method according to any one of
claims 1-3, in which said water glass is replaced by ~water
glass mixed with metal powder.

5. A surface process method according to any one of
claims 1-3, in which said water glass is replaced by \;ater
glass mixed with ceramic powder.

6. A surface process method according to any one of
claims 1-3, in which said water glass is replaced by water
glass mixed with silicon dioxide powder.

7. A surfacé process method according to claim 4, in
which said metal powder is titanium powder.

8. A surface process method according to claim 5, in
which said ceramic powder is alumina powder.

9. A surface process method according'to any one of



tail stock 153. As aforenentioned, the surface-p#eeess -machi-ne- 101
cah be adapted such that only the roIIer frame 131 . rotat ed.

the.cylindrical workpiece 155 is supported by the u"l% “Eﬂ“uumtﬁﬂ rface
processing is controlled as follows: at fLrgt, whil 155 is
rotated at high speed as shomn in Fig. 9, the surface process nachine 101

Is inserte side 15 f the workpiece 155. El ectrical power is
transnitteagff Eﬁ h|éﬁ ¥ FF géabﬁméFegoﬂfceliﬁﬁlcally deforming is

- 17 - h t|ng wire 143 to the electrode 113.

Ther ef or e, ngggﬁﬁhlg ?ggg §ed between the tip 113a of electrode and

e T2t 19y 10R0NR CeGriate prb@ELs nBknolChEBLEATRE®Po2hRY" (gh® §1P

113a is nelted, thereb ormn

glass is SH@thlebB t@ﬁ whoBh' Qbhar si8) be ETQSEQEQ& yll ef?ghfn%Opr'ng
115a in the nozzle 115 is di sposed behind the tip 1 ectr

executed by burnishing.
11. A surface process device comprising:
heating means for heating a part of the surface of
wérkpiece;
applying means provided adjacent to said heating means
for applying water glass to said part-heated by said heating
means; and
| plastically deforming meﬁns provided adjacent to said
applying means for plastically deforming said part to' which
water glass has been applied by said applying means.
| 12. A surface process device according to claim 11, in
which said heating means and said applying means are a plasma
discharge electrode having a supply passage for guiding water

glass toward the tip thereof.

13. A VTR drum having the outer periphery thereof
processed in the surface process method according to any one
of claims 1-10. |

14. A cylinder having the inner periphery thereof
processed in the surface process method according to any one
of claims 1-10.

15. A piston having the outer periphefy thereof
processed in the surface process method according to any one

of claims 1-10.



toward the guiding part 109. A water glass |ayer 202+s—formed—wtirthe
nozzle 115 on the nelted part 201 of the workpiece
gl ass ‘layer 202 is immediately rolled or burnished Oﬁmb“‘ltl!l"‘@ﬂlmm 129.
By rolling or burnishing, the water glass2 qyer 2

melted part 201 and is transfornmed into glass, thereby formng a hlghly
preci se and sggoth surfa | ass | ayer 203, Since the glass |ayer

203 is rel atively-haftd, Fﬂg?ﬁﬁrd a¥ing: ther aputen; P?ﬁéphﬂbYkpiEE%r&6§

i ncreased. b t ic _defornmma forenenii oned, since
o med PagEUEbBE" 1a"tps, BuRPhLE, pERCERE brBea BB P9 FRE A TRE OB

wor kpi ece 435.1L08s nggs layer 203 is firmy adhered to the workpiece 155.
Since refrigerant or water is introduced fromthe refrigerant passage 141
to the surface of, rOAheré1éaQroahasagbapﬁ9eﬁﬁatséenéieﬂbétlﬁkhﬂg havilg
rollers 129. In the enbodi ment, the rolling immediately follows™ the
appl|CatlOﬂhéfoﬁeéﬂepeﬂhphdryatﬁérgbﬁsﬁrbeebbednﬁhtEﬂe gartadll proabs®i num
al l oy. Thus processed workpiece is provided wth precise dinmension and

hi gh perfmethodeacco¥déng to any one of claims 1-10.



- 18, - surface layer fornmed on the workpiece in the enbodi nent has

har dness, wear resistance and hi gh adhesion to the workpiece. Therefore,
the workpiece is high in durability and snoot hness, and can
protect the nenbers brought in contagt. with the workpiece fromwear and
tear. . By rotating only the roller frame 131 and formng the cross
section of the body mandrel 139 polygonally, while the rollers 129 are
rotated around the body nandrel 139 with being conpressed by corner parts
of the sU/ESIBACTIWATHE DISGUPSURRINdrel , they can be cyclical ly displaced in

t he directlon of workpiece 155. The netallic part of the workpiece 155
is peen MEEVODtQFeSU'FcﬁQEe'F GESGING rft| SURRACE PROCERE DEVICR ANDAMIR | ayer 204

of gl assm%‘%H%URMGE\%grﬁ\‘&?ﬁgggECTﬁW@PgﬁﬁRAP‘dY§H9§0§ﬁ'és'al)45ab| ity of

glass | a Dan el ectrical conducting wire,
heated and nel ted by di spl aceably discharging plasma. Even a | ow
electrically conductive workpiece or a- non-current

Formation of a glass surface layer having sufficient
adhesion to a material and surface smoothness on the surface

of material, for enhancing hardness, surface smoothness and
wear resistance of the material. By rot;::;g a VTR rotary
drum and discharging plasma from an electrode to a periphery
of the drum, a melted layer is formed on the periphery.
Water glass is discharged from a nozzle td the melted layer,
thereby forming a water glass layer. The melted or half-
melted parf of the melted layer as well as the water .glass
layer are compressed and plastically deformed with a roller.
The water glass layer, cooling down the melted 1layer, is
heated to transform into a glass layer. The glass laYef has
a sufficiently hard, smooth and dimensionally precfée
surface. The mixed layer of glass and metal firmly bonds the
glass layer to the drum periphery. The VTR .drum becomes
durable against wear caused by a VIR tape. Since the non—
porous and smooth surface is formed'on the drum, the tapé

sliding on the drum is also protected from wear and tear.
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carryi ng workpi ece can be partly heated and nelted by non- displacing
plasma discharge, |laser beam radiation or electronic beam

radi ation. For |aser beamradiation, a |aser oscillator can be provided

i nside the body frame 103, inside the disc board 111 or outside the
sur face process machine 101, such that _| aser beamis introduced toward
the nozzle 115. For electronic beamradi ation, the correspondi ng radiator

is provided in the same manner. TH RD EVMBODI MENT A | aser radiator
171 shown in Fig. 10 is nmounted-on a

- 19 - nunerically controlled machi'nefdrGg nfchi ning center for surface
processi ng of workpi ece 155. Laser beam is introduced to the part

" to be processed of the workpiece 155 by the |aser radiator 171 froma

not - shown external |aseHIEBHM sour The part of the workpiece 155 is
melted and concurrent IVom%Eﬁ QﬁT/ERerG%hA&Si s discharged to the

% &

4—-10




melted part by the laser radiator 171. As shown in Fig. 10, body 173
of laser radiator 171 alnost has a shape of letter Z. The path of |aser
beamis provided with a guide tube 173a, a | aser protective tube
173b, and a beam discharger 173c. Laser beam is introduced from
the guide tube 173a through the l-ader protective tube 173b to the
beam discharger 173c. After |aser beam passes through a converging | ens
173d, it is radiated through one passage of a nozzle 173e to t he
wor kpi ece 155. Powder m xed water gl ass passage 175 connects wth the
other passage of nozzle 173e, aspIafso 2&own in Fig. 11. Powder mi xed
wat er glass supplied fromthe outside is discharged fromthe nozzle 173e
to the workpiece 155 behind the position of |aser beamradiation, i.e.
toward the side of the guide tube 173a. By conbining the roller 107
shown in Fig. 3 with the laser radiator 171, as shown in Fig. 9, a desired
position of the workpiece 155 can be nelted by | aser beam and at the sane
time powder nmixed water glass is sprayed optl8athe desired8position

The application of |aser beam and powder /m xed water ass can be
imedi ately followed by the rolling. Wth
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M

FIG. 2B

1Ba

22a

22a



- 20 - this conbination, the surface of a ceramc, glass or other
non-current carryi ng workpi ece can be processed. FOURTH EVMBODI MENT As
shown 'in Fig. 12A, three nmandrels 305 are protruded into a central hole
303 of a cylindrical tool 301. A dianond _tip nenber 307 is attached to the
tip of each mandrel 305. The . mandrel 3057 s supported by a support

309 on the tool 301. The force applfied to_la uworkpiece 313 by the
mandrels 305 is adjusted with rE? ectt 'screwg 3§g. The support 309
is disposed in three of six recesees 5 prowi-dedd on the tip of the tool
301. By fastening an annular 1lid nber 317 onto the tip of the tool
301 with bolts, the support 109 i onto t ool 301. An
el ectrode nozzle 319 is secured cesg§es 315. As shown in
Fig. 12B, a water glass suppl}y provided in the center of
t he el ectrode _ .
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nozzl e 319. In the enbodi nent the workpiece 313 is disposed in the
central hole 303 of the tool 301. By bringing the mandrel tip menbers 307
into-contact with the surface of the workpiece 313, the workpiece:
313 is rotated in the direction of an arrow shown in Fig. 12A. High
voltage is applied to the electrode nozzle 319 and at the sanme tine
powder mxed water glass 323 is supplied thriugh the water glass supply
passage 321. Plasma is discharged between thee=tip 319a of electrode
nozzl e 319 and the workpi ece 313, thereby nefag—Hhe surface of the

wor kpi ece 313 and formng a nelted '
-21- part 313a. Powder m xed water 8 is apdlied fromthe water
gl ass supply passage 321 onto the nelted™part 313a. Wile the workpiece
313 - is rotated as aforenentioned, the m xed water glass 323 is
heated by the nelted part 313a and to thefyandrel tip nenbers
307. The -—
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surface of the workpiece 313 is conpressed and burnished with the nmandrel
tip ‘menbers 307. Consequently, a glass layer 325, simlar to the
glass layer 18, is forned on the surface of workpiece 313. In the

enbodi nent, the workpiece 313 simlar in performance to the VIR rotary
drum 2 of the first enmbodi nent can be cospl eted. Furthernore, the

el ectrode nozzle 319 is a conbination of. a nozzle and el ectrode, thereby
maki ng conmpact the entire strucFE&.of Xhe tool 301. The surface process
tool 301 has a sinple structure and is advantage for precise processing.
| f powder is supplied through the water glass supply passage 321, it is
burnt to stick to inside of the elﬁ god nozzl e 319, thereby clogging the
passage 321. The el ectrode nozzle also sticks to the workpiece

313. Yield or process efficiency/would be deteriorated. en the powder
m xed mater glass 323 is supplied t¢ th$3@ger gl ass sd}bly passage 321,
however , q vented fr ther 1y sticking to th¢ el ectrode nozzle
319. To the coﬂ even li k9 Asongt hi ng/sticks to the fozzl 319, it can
- be removed with prassure di schiar geg powder m xed ter gllass 323.
In the sanme manner af i ' ' LN
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Fig. ® the electrode 8 and the nozzle 10 can be separately

- 22 - provided on the tool 301. This invention has been descri bed
above with reference to the preferred enbodinments as shown in the
figures. Modifications and alterations pgy _becone apparent to one skilled
in the art upon reading and understanding the specification. Despite the

use of the enbodinents for illustration purposes, the invention is
intended to include all such nodifications and alterations within the
spirit and scope of the appended clains. For exanpl e, the workpiece

155 or 313 can be heated and nelted through ion plating or arc heating.

I ndustrial water glass No.1l, No.2 or No.3 according to Japanese |Industri al
St andards can be used. The viscosity of the water glass can be adjusted by
addi ng water, such that a desired thickness of water glass can be easily
applied to a

FIG. 7
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surface of workpiece corresponding to condition of the surface or
dischargeability of a water glass applicator. The water glass can be m xed
with a heat resistant inorganic pignent or other coloring agent, or with
various additives for transformng glass. Only with the water gl ass of the
af orenmenti oned enbodi nents, the hardness, ;spoot hness and wear resistance
of the workpi ece can be enhanced. In the first to third enbodi nents,

t he wor kpi ece 155 or 313 is heated, applied with powder m xed water glass
and is then plastically defornmed. In the fourth enbodi nent the workpiece
is heated and applied with water glass at the®@ane tine and is then

pl astically deforned. Alternatively, the )

- 23 - wor kpi ece 155 -or 313 can ssed{by follow ng the procedure
of applying of water glass, heati gF?nd plastically defprm ng, such that
the same effectiveness as that re; uo

i ng
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fromy he enbodi nents can be obt ai ned, The wor kpi ece 155 or 313 of the
enbodi nent is forned of alumnumor alumnumalloy. Alternatively, it can
be formed of other netal, glass or ceramc. In the enbodi nents, the
surface of the VIRrotary drum?2 and the workpieces 155, 313 is
processed. Such surface process nethod &an be applied to the inner
periphery of a cylinder for an air conpr essor, an

air-conditioner refrigerant gas conpressor or an engine or to the outer
peri phery of a piston for an air gﬁ es§3r, an air- conditioner
refrigerant gas conpressor or- an gRge, hereby i nproving hardness and

wear resistance of the peripheries as well as durability of the
cylinder and the piston. The surface snoot hness of the peripheries is
al so enhanced, and friction on the peripheries is decreased, thereby
mnimzing the quantity of energ consuned due_ to_friction. The
af orenent i oned surface pr@@$s nethdézgan b3S apl i et38 2R3 outer

peri phery of an el ectrophojography phqgtosensjtive dru her eby rai sing
har dness and wear resistancdl@athe pdriphery as welf] asfdurdDity of the
drum Surface snoot hness t he ZQEZi hery ifs al so erfhanged, and %géction
on the periphery is _//1

N

i = W 4
115 7\
105 - 141
7 = 117
113~ ) ‘!\\.'Q\./{.:.\.C‘. 51.{4‘ et 3 143

13— § | ) <\
M N\ / | L% 1
N\ |

155a 139a |\ 118a
- 201 129 139 203 204

202



decreased, thereby protecting a printing sheet or a brush fromfriction
wi*th the periphery on which it slides.

- 24 ¢ VWHAT IS CLAI MED | S: 1. A surface process nmethod conpri sing
the steps of: heating and nelting a surface of workpiece;

appl ying water glass to said surface; anrd9 - I medi ately plastically
deform ng said surface. 2. A surface process nethod conprising the
steps of: applying water glass to a surface of workpiece; -

heating and nelting said surface; and I medi ately plastically:
deform ng said surface. 3. A surface process nethod conprising the
steps of: heating and nelting a surface of workpiece;

concurrently applying water glass to said surface; and i medi atel y

pl astically deform ng said“§urface. 4. A surface process nethod
according to any one of ¢
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claims 1-3, in which said water glass is replaced by water glass m xed

with netal powder. 5. A surface process nethod according to any
one of «clainms 1-3, in which said water glass is replaced by water gl ass
m Xed with ceranmi ¢ powder. 6. A surface process nethod according to
any one of clainms 1-3, in which said-waber glass is replaced by water
glass m xed with silicon di oxi de powder. 7. A surface process

nmet hod according to claim4, in which said netal powder is titanium
powder . 8. A surface process nethod according to claimb5, in

whi ch said cerami c powder is alum na powder. 9. A surface process
met hod according to any one of ' _ -
25 - clains 1-8, in which said step of plastically deformng is
executed by rolling. 10. A surface process nethod according to any

~one of FIG. 11
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claing 1-8, *in which said step of plastically deformng is executed by
but ni shing. 11. A surface process device conprising: heati ng
means for heating a part of the surface of workpiece,; : appl yi ng nmeans
provi ded adjacent to said heating neans for applying water glass to said
part heated by said heating neans; and _1#_plastically def orm ng neans

S

provi ded adjacent to said applying “mean or plastically deform ng said

‘part to which water glass has a Led by said applying neans.
12. A surface process device acggfﬁﬂhgagghblainlll, in which said heating

means and sai d applying neans are a plasma discharge el ectrode having a
supply passage for guiding water glass toward the tip thereof. 13. A
VTR drum havi ng the outer periphery3ﬁger-~15 processed in the surface

f c

process nethod according to any one
havi ng the inner periph&Q7t her eof
according to any 3)6% of /

ms_ 1-10. 14. A cylinder
4309t he surface process net hod

FIG. 12B o ~
' 321

305

307 319

T 7777774y A 313
A ' \ ' . ///;"///// ~

2
-



15. A pisMgn having the outer periphery thereof processed in the
surface process nethod according to any one of clains 1-10.

16, A roller having the outer periphery t hereof processed-in the
surface process net.hod according to any one of clainms 1-10. 17. An
el ectrophot ography ;phot osensitive drum having the outer.periphery thereof
processed in the sugface process nethod according to any one of clains
1-10. -27- ) ‘

ABSTRACT OF THE DISCLOSURE
A METHOD OF SURFACE PROCESSING, A SURFACE PROCESS DEVICE, AND A VTR

DRUM, CYLINDER, PISTON, ROLLER OR ELECTROPHOTOGRAPHY PHOTOSENSITIVE
DRUM WITH THE SURFACE THEREOF PROCESSED .

Formation of a glass surface layer having sufficient
. adhesion to a material and surface smoothness on the surface

of materiai, for enhancing hardness, surfaée smoothness and
wear resistance of the material. By rot;:;;g a VTR rotary
drum and discharging plasma from an electrode to a periphery
of the drum, a melted layer is formed on the periphery.
Water glass is discharged from a nozzle to the melted layer,
thereby forming & water glass layer. The melted or half-
melted part of the melted layer as well as the water glass
layer are compressed and piastically deformed with a roller.
The water glass layer, cooling down the melted layer, is
heated to transform into a glass layer. The glass layer hﬁs
g sufficiently hard, smooth and dimensionally precise
surface. The mixed layer of glass and metal firmly bonds the
glass layer to the drum periphery. The VTR drum becomes
durable against wear caused by a VIR tape. Since the non-

porous and smooth surface is formed on the drum, the tape

sliding on the drum is also protected from wear and tear.

FIGURE 1
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