Descri ption

Title of Invention: CUTTI NG METHOD FOR FI BER REI NFORCED
COVPCSI TE MATERI AL

Technical Field
[ 0001]
The present invention relates to a cutting nethod

for a fiber reinforced conposite material.

Background Art
[ 0002]

Fi ber reinforced conposite materials typified by
fiber reinforced plastics (FRP), in particular, carbon
fiber reinforced plastics (CFRP), have large tensile
strength and tensile elastic force and small density, as
conpared with glass fiber reinforced plastics (G-RP),
aramd fiber reinforced plastics (AFRP), or stainless
steel (SUS), and have therefore tended to be frequently
used as outer panels or the like of aircrafts or vehicles
in recent years. In this context, CFRP refers to
pl astics prepared by hot nolding or hot press nolding one
or two or nore |layers of prepregs containing carbon fiber
i npregnated with a matrix resin. A nmenber forned from
this CFRP is fixed to a structure using a fastening
factor such as a bolt or a rivet. Therefore, cutting

work, in particular, cutting work to nmake many hol es for



passing a fastening factor in CFRP, is necessary for
fixing CFRP to a structure such as an aircraft part.
[ 0003]

Sone techni ques have al ready been proposed in order
to obtain high quality holes by the cutting work of CFRP
Exanpl es of such a techni que include a nethod which
i nvol ves gradual |y changi ng the shape of a tool, for
exanpl e, the curvature of a cutting face or the point

angle of a drill (see, for exanple, Patent Literature 1).

Citation List

Patent Literature

[ 0004]

Patent Literature 1. Japanese Patent Laid-Cpen No. 2012-
210689

Summary of Invention
Techni cal Probl em
[ 0005]

Cutting work, such as the drilling of fiber
rei nforced conposite materials, is typically perforned
using a drill. In the general drilling with a drill, the
drill has an exceedingly short |ifespan, and the dril
bit suffers abrasion with increase in the nunber of
processed holes, resulting in reduction in the quality of
processed holes. Specifically, the processed holes are

nore likely to have a small inside dianeter, and the



fluffing of carbon fiber (hereinafter, also referred to
as "splintering”; which is a phenonenon in which a part
of fiber constituting a fiber reinforced conposite
material remains as burrs around processed hol es w thout
being cut off) occurs easily at the exit portion of dril
penetration. Furthernore, peeling between |ayers of
prepregs constituting a fiber reinforced conposite
material (hereinafter, also referred to as

"del ami nation"”) also occurs easily. In addition, each
processed hol e has a nonuni forminside dianeter due to
the abrasion of a drill bit, and del am nati on may occur
fromthe irregularity of the processed hole. Such a
phenonenon i s accepted as a serious defect. As nentioned
above, the abrasion of a drill bit is likely to cause
probl ens associated wth the quality of processed hol es.
Meanwhi | e, for exanple, the production of structures
using CFRP for aircrafts particularly requires high
quality cutting work. Thus, it is very inportant to

sol ve the probl ens descri bed above, such as fluffing and
del am nati on.

[ 0006]

In the cutting work of CFRP anong fiber reinforced
conposite materials, the problens associated with the
qual ity of processed holes arise nore easily as the
abrasion of a cutting tool proceeds with cutting
resi stance increased. Particularly, for exanple, high

strength CFRP intended for aircrafts contains carbon



fiber at a high density. Therefore, the frequency of
rubbi ng of carbon fiber by a drill is increased so that
the abrasion of the cutting tool proceeds nore rapidly.
As measures against this, the tool is changed at shorter
intervals in order to maintain hole quality. Under
present circunstances, the ratio of tooling cost to
processi ng cost is high.
[ 0007]

In this respect, as described in Patent Literature 1,
I nprovenent in the workability of fiber reinforced
conposite materials (e.g., CFRP), for which cutting work
is difficult, has been studied in terns of tools, but has
produced i nsufficient effects.
[ 0008]

Particul arly, conventional processing nethods in
fiber reinforced conposite material processing with a
| ong cutting distance, such as through-groove formation,
are nore likely to cause the abrasion of a cutting too
with increase in cutting distance, as conpared with fiber
rei nforced conposite material processing wth a short
cutting distance, such as drilling work. Unfortunately,
this facilitates causing burrs, chippings, or splintering
at the entrance portion or the exit portion of cutting
tool penetration (hereinafter, these portions are al so
collectively referred to as the "periphery of a cut
portion"). There also arises the problemthat change in

the dinension of a cutting tool caused by abrasion



narrows a fornmed through-groove wdth. This is because a
| onger cutting distance increases the volune of a fiber
rei nforced conposite material to be renoved by cutting
work and increases |oad to a cutting tool.

[ 0009]

The present invention has been nmade in |light of the
probl ens descri bed above, and an object of the present
invention is to provide a cutting nethod for a fiber
rei nforced conposite material which can reduce load to a
cutting tool in the cutting work of a workpiece materi al,
particularly, the cutting work of a fiber reinforced
conposite material (difficult-to-cut material) to forma
t hr ough- groove, can thereby reduce the occurrence of
burrs, chippings, or splintering at the periphery of a
cut portion, and can reduce the narrow ng of a through-

groove w dt h.

Solution to Probl em
[ 0010]

The present inventors have conducted diligent
studies to attain the object. As a result, the present
I nventors have conpl eted the present invention by finding
that the object can be attained by contacting in advance
a cut-assisting lubricant with a cutting tool and/or a
wor kpi ece material during the cutting of the workpiece
material with the cutting tool.

[ 0011]



Specifically, the present invention is as foll ows:
[1]

A cutting nmethod conprising a cutting step of
cutting a workpiece nmaterial with a cutting tool to
thereby form a through-groove in the workpiece naterial,
wherein

in the cutting step, the through-groove is formed in
the workpi ece material by cutting the workpiece materi al
with the cutting tool while contacting a cut-assisting
| ubricant with the contact portion of the cutting too
with the workpi ece nmaterial and/or the contact portion of
the workpiece material with the cutting tool, and

t he workpi ece material conprises a fiber reinforced
conposite material .

[2]

The cutting nmethod according to [1], wherein the
cutting step conprises the steps of: cutting the
wor kpi ece material with the cutting tool to thereby form
a through-hole in the workpiece material; and form ng the
t hrough-groove in the workpi ece material by cutting the
wor kpi ece material while noving the cutting tool inserted
in the through-hole in a direction orthogonal or
substantially orthogonal to the penetration direction of
t he through-hol e.

[3]
The cutting nmethod according to [1] or [2], wherein

the cutting nethod conprises a close contact step of



cl osely contacting in advance the cut-assisting |ubricant
with a portion to serve as a starting point for formng
t he t hrough-groove.
[ 4]

The cutting nmethod according to any one of [1] to
[3], wherein the cutting nethod conprises a cl ose contact
step of closely contacting in advance the cut-assisting
| ubricant with the whole surface of a regi on where the
t hrough-groove is to be forned.
[ 5]

The cutting nmethod according to any of [1] to [4],
wherein the cutting tool is a router bit.
[ 6]

The cutting nmethod according to any of [1] to [5],
wher ei n

the cut-assisting lubricant contains

a high nol ecul ar wei ght conpound (A) having a wei ght
average nol ecul ar weight of 5.0 x 10* or higher and 1.0 x
10° or | ower,

a medi um nol ecul ar wei ght conpound (B) having a
wei ght average nol ecul ar wei ght of 1.0 x 10° or hi gher
and | ower than 5.0 x 10% and

a carbon (C) having an average particle size of 100
um or | arger.
[7]

The cutting nethod according to [6], wherein

the shape of the carbon (C) is a flake shape.



[ 8]
The cutting nmethod according to [6] or [7], wherein
t he hi gh nol ecul ar wei ght conmpound (A) conprises a
t hernopl astic resin having a wei ght average nol ecul ar
wei ght of 5.0 x 10% or higher and 1.0 x 10° or |ower, and
t he medi um nol ecul ar wei ght conpound (B) conprises a
t hernopl astic resin having a wei ght average nol ecul ar
wei ght of 1.0 x 10° or higher and 2.0 x 10* or | ower.
[ 9]
The cutting nethod according to any of [6] to [8],
wher ei n
t he hi gh nol ecul ar wei ght conpound (A) conprises a
wat er sol ubl e thernoplastic resin and/ or a non-water
sol ubl e thernopl astic resin, wherein
the water soluble thernoplastic resin is one or nore
resins selected fromthe group consisting of a
pol yal kyl ene oxi de conpound, a pol yal kyl ene gl yco
conmpound, an ester conpound of polyal kyl ene glycol, an
et her conpound of polyal kyl ene gl ycol, a nonostearate
conmpound of pol yal kyl ene gl ycol, a water sol ubl e urethane,
a water soluble polyether resin, a water soluble
pol yester, sodi um pol y(neth)acryl ate, polyacryl am de,
pol yvi nyl pyrrol i done, polyvinyl alcohol, saccharides, and
nodi fi ed pol yam de, and
t he non-water soluble thernoplastic resin is one or
nore resins selected fromthe group consisting of a

uret hane pol yner, an acrylic polyner, a vinyl acetate



pol ynmer, a vinyl chloride polyner, a polyester polyner,
pol ystyrene resin, and a copol yner thereof.
[10]

The cutting nmethod according to any of [6] to [9],
wher ei n

t he medi um nol ecul ar wei ght conpound (B) is one or
nore conpounds sel ected fromthe group consisting of a
pol yal kyl ene gl ycol conpound, a nonoet her conpound of
pol yal kyl ene oxi de, a nonostearate conpound of
pol yal kyl ene oxi de, and a pol yal kyl ene oxi de conpound.
[11]

The cutting nethod according to any of [6] to [10],
wher ei n

in the cut-assisting |ubricant,

the content of the high nol ecul ar wei ght conpound
(A) is 20 to 60 parts by mass with respect to 100 parts
by mass in total of the high nolecular weight conpound
(A), the nedi um nol ecul ar wei ght conmpound (B), and the
carbon (O,

the content of the nmedi um nol ecul ar wei ght conpound
(B) is 10 to 75 parts by mass with respect to 100 parts
by mass in total of the high nolecular weight conpound
(A), the nedium nol ecul ar wei ght conpound (B), and the
carbon (C), and

the content of the carbon (C is 5 to 70 parts by

mass with respect to 100 parts by mass in total of the

a
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hi gh nol ecul ar wei ght conpound (A), the nedi um nol ecul ar
wei ght conpound (B), and the carbon (C).
[12]

The cutting nethod according to any of [1] to [11],
wher ei n

the cut-assisting lubricant is in the formof a
sheet having a thickness of 0.1 mmor |arger.
[13]

The cutting nethod according to any of [1] to [12],
wher ei n

when the cut-assisting lubricant is renmoved fromthe
wor kpi ece material after the cutting work, the anount of
a conponent of the cut-assisting lubricant attached to
t he wor kpi ece material is 1.0 x 108 g or smaller per mf
of the areas of the contact portion between the workpiece
material and the cut-assisting |ubricant, and the
processed portion.
[ 14]

The cutting nmethod according to any of [1] to [13],
wher ei n

the cut-assisting lubricant has an adhesive |ayer on
a face to be contacted with the workpi ece materi al
[15]

The cutting method according to [14], wherein

t he adhesive | ayer conprises an acrylic polyner.

[ 16]



The cutting nethod according to [14] or [15],
wher ei n

when the cut-assisting lubricant is renoved fromthe
wor kpi ece material after the cutting work, the anount of
a conmponent of the cut-assisting lubricant and/or the
adhesi ve | ayer attached to the workpiece material is 1.0
x 10°® g or smaller per mf of the areas of the contact
portion between the workpiece material and the cut-
assisting lubricant, and the processed portion.
[17]

The cutting nethod according to any of [1] to [16],
wher ei n

the fiber reinforced conposite material is a carbon

fiber reinforced plastic.

Advant ageous Effects of Invention
[0012]

The present invention can provide a cutting nethod
for a fiber reinforced conposite material which can
reduce load to a cutting tool in the cutting work of a
wor kpi ece material, particularly, the cutting work of a
fiber reinforced conposite material (difficult-to-cut
material) to forma through-groove, can thereby reduce
the occurrence of burrs, chippings, or splintering at the
peri phery of a cut portion, and can reduce the narrow ng

of a through-groove w dth.



Brief Description of Draw ngs

[ 0013]

[Figure 1] Figure 1 is a schematic diagramillustrating
one enbodi nent of the cutting nethod of the present
enbodi nent .

[Figure 2] Figure 2 is a schematic diagramillustrating
anot her enbodi nent of the cutting nethod of the present
enbodi nent .

[Figure 3] Figure 3 is a schematic di agram show ng one
exanpl e of a state where a cut-assisting lubricant is
contacted with and attached to a cutting tool in the

cutting nethod of the present enbodi nent.

Descripti on of Enbodi nments
[ 0014]

Hereinafter, the node for carrying out the present
i nvention (hereinafter, referred to as the "present
enbodi nent”) will be described in detail. However, the
present invention is not intended to be limted by the
present enbodi nent, and various changes or nodifications
can be nade wi thout departing fromthe spirit of the
present invention.
[ 0015]

[ Cutting nethod]

The cutting nethod of the present enbodinment is a
cutting nmethod conprising a cutting step of cutting a

wor kpi ece material with a cutting tool to thereby forma
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t hrough-hole in the workpi ece material, wherein in the
cutting step, the through-groove is fornmed in the

wor kpi ece material by cutting the workpiece material with
the cutting tool while contacting a cut-assisting

| ubricant with the contact portion of the cutting too

wi th the workpi ece material and/or the contact portion
(including a to-be-processed portion) of the workpiece
material with the cutting tool, and the workpiece

mat erial conprises a fiber reinforced conposite material.
In this context, the "through-groove" described in the
present specification is a groove that penetrates a

wor kpi ece material and is also called a through-hol e
groove. Exanples of this through-groove include a groove
formed by processing using a router bit as a cutting too
(also referred to as router processing).

[ 0016]

Figures 1 to 3 show schematic diagrans illustrating
one enbodi nent of the cutting nethod of the present
enbodi nent. Figures 1 to 3 show a state after formation
of a through-groove by the cutting nethod. A cut-
assisting lubricant 1 is used in the cutting work of a
wor kpi ece material 2 (particularly, a difficult-to-cut
material). Specifically, the cut-assisting lubricant 1
is placed on a portion to serve as the exit of a cutting
tool and/or a portion to serve as the entrance of a
cutting tool, in the workpiece material 2, and the

wor kpi ece material 2 is processed using a cutting tool 3.



More specifically, in one enbodi nent, the cut-assisting
lubricant 1 in the formof a sheet is placed in contact
with a partial surface of the workpiece material 2 in the
formof a sheet at a stage prior to that shown in Figure
1. Next, the cut-assisting lubricant 1 and the workpi ece
material 2 are cut in their lamnation direction (i.e.,
penetration direction; the sane holds true for the
description below) such that the cutting tool 3
penetrates the cut-assisting |ubricant 1 and the

wor kpi ece material 2 fromthe surface of the cut-
assisting lubricant 1, to forma through-hole (through-
hol e formation step). Next, the workpiece material 2 is
subsequently cut by noving the cutting tool 3 in a

di rection orthogonal or substantially orthogonal to the

| am nation direction of the cut-assisting |ubricant 1 and
the workpiece material 2, to forma through-groove as
shown in Figure 1 (through-groove formation step). In
this enbodi nent, the cut-assisting lubricant 1 is
contacted in advance with the cutting tool 3 so that a
part of the cut-assisting lubricant 1 is attached to the
surface of the cutting tool 3, followed by cutting.
Therefore, the cutting is perforned in a state where the
cut-assisting lubricant 1 is contacted with the contact
portion of the cutting tool 3 with the workpi ece materi al
2. Even in the process of cutting, a lubricating
conmponent of the cut-assisting lubricant 1 contacted with

the cutting tool 3 is nelted and runs off the surface of
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the cutting tool 3. Therefore, the lubricating conponent
of the cut-assisting lubricant 1 is subsequently supplied
to the contact portion of the cutting tool 3 with the
wor kpi ece material 2. In the present specification, the
"l ubricating conponent™ is a conponent constituting a

| ubricant and is a conponent that is effective for
reducing the force of friction generated upon contact

bet ween solid substances such as the cutting edge of a
tool and a workpiece nmaterial. Specific exanples of the
| ubri cating conponent include a solid |ubricant graphite
and t hernopl astic resins pol yethyl ene oxi de and

pol yet hyl ene gl ycol .

[0017]

I n anot her enbodi nent, the cut-assisting lubricant 1
in the formof a sheet is placed in contact with the
whol e of one surface of the workpiece material 2 in the
formof a sheet at a stage prior to that shown in Figure
2. Next, the cut-assisting lubricant 1 and the workpi ece
material 2 are cut in their [am nation direction such
that the cutting tool 3 penetrates the cut-assisting
| ubricant 1 and the workpiece material 2 fromthe surface
of the cut-assisting lubricant 1, to forma through-hole
(through-hole formati on step). Next, the workpiece
material 2 is subsequently cut by noving the cutting tool
3 in a direction orthogonal or substantially orthogona
to the lam nation direction of the cut-assisting

| ubricant 1 and the workpiece material 2, to forma
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t hr ough-groove as shown in Figure 2 (through-groove
formation step). In this enbodinent as well, the cut-
assisting lubricant 1 is contacted in advance with the
cutting tool 3 so that a part of the cut-assisting
lubricant 1 is attached to the surface of the cutting
tool 3, followed by cutting. Therefore, the cutting is
performed in a state where the cut-assisting lubricant 1
Is contacted with the contact portion of the cutting too
3 with the workpiece material 2. Even in the process of
cutting, a lubricating conponent of the cut-assisting
| ubricant 1 contacted with the cutting tool 3 is nelted
and runs off the surface of the cutting tool 3.
Therefore, the lubricating conponent of the cut-assisting
| ubricant 1 is subsequently supplied to the contact
portion of the cutting tool 3 wth the workpiece materia
2. In this enbodinent, the cut-assisting lubricant 1 is
pl aced t hroughout one surface of the workpiece material 2
so that the cut-assisting lubricant 1 is placed on the
whol e surface of a region where the through-groove is to
be formed. Therefore, the lubricating conponent of the
cut-assisting lubricant 1 is supplied to the cutting too
3 until the conpletion of the through-groove.
[ 0018]

In a further alternative enbodi nent, the cut-
assisting lubricant 1 in a solid state is placed in
contact with the to-be-contacted portion of the cutting

tool 3 for the workpiece material 2 (i.e., a portion that



Is to be contacted later with the workpi ece material 2)
at a stage prior to that shown in Figure 3. The cut-
assisting lubricant 1 is thereby attached to the to-be-
contacted portion of the cutting tool 3 for the workpiece
material 2. Next, the workpiece material 2 is cut such
that the cutting tool 3 penetrates the workpiece materia
2, to forma through-hole (through-hole formation step).
This cutting work is perfornmed while the cut-assisting

| ubricant 1-attached portion of the cutting tool 3 is
contacted with the workpiece material 2. Next, the

wor kpi ece material 2 is subsequently cut by noving the
cutting tool 3 in a direction orthogonal or substantially
orthogonal to the penetration direction, to forma

t hr ough- groove as shown in Figure 3 (through-groove
formation step). Even in the process of cutting, a

| ubri cati ng conponent of the cut-assisting lubricant 1
contacted with the cutting tool 3 is nelted and runs off
the surface of the cutting tool 3. Therefore, the

| ubri cating conponent of the cut-assisting lubricant 1 is
subsequently supplied to the contact portion of the
cutting tool 3 with the workpiece material 2.

[ 0019]

The cutting step in the cutting nethod of the
present enbodinment is not particularly limted as |ong as
the cutting work is perforned while the cut-assisting
| ubricant is contacted with the contact portion of the

cutting tool with the workpi ece material and/or the



- 18 -

contact portion (including a to-be-processed portion) of
the workpiece material with the cutting tool. The
cutting work may be perforned, for exanple, using the
cutting tool contacted in advance with the cut-assisting
| ubricant. Specific exanples of the enbodi nent of "while
contacting” include, but are not particularly limted to:
an enmbodi nent in which after a contact step of contacting
the cut-assisting lubricant with the cutting tool before
cutting work so that the cut-assisting lubricant is
attached thereto, the to-be-processed portion of the
wor kpi ece material is cut with the cut-assisting
| ubri cant-attached cutting tool; an enbodi nent in which
after a close contact step of closely contacting the cut-
assisting lubricant wwth the to-be-processed portion (a
portion to serve as the exit of the cutting tool and/or a
portion to serve as the entrance of the cutting tool) of
the workpi ece material, the to-be-processed portion of
the workpiece material is cut; and an enbodi nent in which
in the cutting step, the cut-assisting lubricant is
contacted with the cutting tool, and the workpiece
material is cut in the cut-assisting [ubricant-attached
state. One of these enbodi nents may be adopted al one, or
two or nore thereof may be used in conbination.
[ 0020]

The cutting work to form a through-groove using a
cutting tool such as a router bit is nore likely to cause

the abrasion of the cutting tool due to a long cutting
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di stance, as conpared with drilling work with a drill bit
or the like, and splintering occurs easily at the
entrance portion or the exit portion of cutting tool
penetration. This is because the cutting tool is noved
in contact with the workpiece material in a direction

ort hogonal or substantially orthogonal to the penetration
direction, and this increases the volune of a fiber
reinforced conposite material to be renoved by the
cutting work and increases |load to the cutting tool.

[ 0021]

In this respect, in the present enbodi nent, use of
the cut-assisting lubricant in the cutting work to forma
t hrough-groove in a fiber reinforced conposite materia
can reduce load to a cutting tool (e.g., a router bit),
suppress the abrasion of the cutting tool, and prol ong
the lifespan of the cutting tool, by the action of the
cut-assisting lubricant as a lubricant agent. As a
result, cost required for cutting tools, the nunber of
runs of a cutting tool change step, or the like can be
reduced. Thus, cutting work excellent in productivity is
achi eved.

[0022]

Furthernore, use of the cut-assisting lubricant in
the cutting work to forma through-groove in a fiber
reinforced conposite material can suppress burrs,
chi ppi ngs, or splintering at the entrance portion or the

exit portion of cutting tool penetration by the action of
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the cut-assisting lubricant as a lubricant agent. As a
result, a high quality cut portion can be obtained, as
conpared with the case of not using the cut-assisting
| ubricant.
[ 0023]

Mor eover, use of the cut-assisting lubricant in the
formati on of a through-groove renders a cutting too
I nsusceptible to change in its dinension caused by
abrasion. As a result, a through-groove wi dth can be
prevented from being narrowed as the cutting step
proceeds. In addition, use of the cut-assisting
| ubricant in the formation of a through-groove renders a
cutting tool insusceptible to change in its dinmension
caused by abrasion in the thickness direction of a
wor kpi ece material. Therefore, the difference in
t hrough- groove wi dth between the front and back of the
wor kpi ece material is further decreased. Thus, a
t hr ough- groove having a nore uni formthrough-groove w dth
i s obt ai ned.
[ 0024]

The cut-assisting lubricant can be preferably used
not only when the to-be-processed portion of the
wor kpi ece material has a flat surface but when the to-be-
processed portion has a curved surface, as with the flat
surface. Specifically, the cut-assisting lubricant is
excellent in flexibility and to-be-processed portion

foll owm ng properties, and permts cutting work in close



contact with a workpiece material having a curved surface.
The cut-assisting lubricant preferably has a
configuration that inpairs neither the flexibility of the
cut-assisting lubricant itself nor its to-be-processed
portion follow ng properties, and specifically, is
preferably in a formfree fromthick netal foil or the

i ke, though the configuration is not particularly
limted thereto. This further inproves the cutting

wor kabi lity of the workpiece material having a curved
surface. Also, the cut-assisting lubricant free from
netal foil can prevent the cut portion of the workpiece
material from being contam nated by the adhesi on of netal
foil-derived netal scraps to the cut portion of the

wor kpi ece material. As a result, the cutting work of the
present enbodi nent can be superior in quality to the
cutting work of conventional techniques.

[ 0025]

[ Cont act st ep]

The cutting nethod of the present enbodi nent is not
particularly imted as Iong as the nethod conprises a
cutting step of cutting a workpiece material with a
cutting tool while contacting a cut-assisting |ubricant
with the contact portion of the cutting tool with the
wor kpi ece material and/or the contact portion (including
a to-be-processed portion) of the workpiece material with
the cutting tool. The cutting nmethod of the present

enbodi nent may optionally conprise a contact step. The



contact step is the step of contacting the cut-assisting
| ubricant with the cutting tool before the cutting step.
The cut-assisting lubricant is contacted in advance with
the cutting tool to thereby supply a |ubricating
conponent of the cut-assisting lubricant to the tip of
the cutting tool imedi ately before processing.
Therefore, the lubricating effect of the cut-assisting
lubricant is exerted nore effectively. In this operation,
the contact method for contacting the cut-assisting
| ubricant with the cutting tool is not particularly
limted. For exanple, the cut-assisting lubricant is
pl aced on the entrance face side (entry face side) of the
cutting tool for the workpiece material so that the cut-
assisting lubricant can be attached to the cutting too
before the cutting step. Alternatively, the cut-
assisting lubricant is applied in advance to the cutting
tool so that the cut-assisting |ubricant can be attached
to the cutting tool. Furthernore, the cut-assisting
| ubricant is cut off, cut, and/or drilled with the
cutting tool before the cutting step so that the cut-
assisting lubricant can be attached to the cutting tool.
[ 0026]

[ Cl ose contact step]

The cutting nmethod of the present enbodi nent may
optionally conprise a close contact step of closely
contacting in advance the cut-assisting lubricant with a

portion to serve as the exit of the cutting tool and/or a
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portion to serve as the entrance of the cutting tool, in
the workpi ece material before the cutting step. The
cl ose contact site on the workpiece material with the
cut-assisting |ubricant may be either of the portion to
serve as the exit of the cutting tool or the portion to
serve as the entrance of the cutting tool, or may be both
of the portion to serve as the exit of the cutting too
and the portion to serve as the entrance of the cutting
tool, in advance. This can reduce load to the cutting
tool, as nentioned above, and can reduce the occurrence
of burrs, chippings, or splintering at the periphery of a
cut portion. In this context, the "portion to serve as
the exit" nmeans a portion that shoul d becone the opening
of a through-groove on a side where the tip of the
cutting tool protrudes fromthe formed through-groove.
If this portion is a face, this termcan be used
I nterchangeably with a face to serve as the exit. In
response to this, the "portion to serve as the entrance"
nmeans a portion that should becone the opening of a
t hr ough-groove on a side opposite to the "portion to
serve as the exit" in the formed through-groove. If this
portion is a face, this termcan be used interchangeably
with a face to serve as the entrance.
[ 0027]

The portion with which the cut-assisting |ubricant
is to be closely contacted in advance may be a portion to

serve as a starting point for formng the through-groove,



may be the whole surface of a region where the through-
groove is to be fornmed (see, for exanple, Figure 2), or
may be the surface of a part of the region where the
t hrough-groove is to be fornmed (a part of the region
except for the portion to serve as a starting point). 1In
this context, the portion to serve as a starting point
for form ng the through-groove is a portion to serve as
the entrance of the cutting tool and is a portion on the
wor kpi ece material at which the cutting tool comes in
initial contact with the workpiece material upon
formati on of the through-groove. This is because the
cl ose contact of the cut-assisting lubricant in advance
with the portion to serve as a starting point for formng
t he through-groove, or the whol e surface of a region
where the through-groove is to be forned can reduce | oad
to the cutting tool, as nentioned above, and can reduce
the occurrence of splintering at the periphery of a cut
portion. Particularly, the close contact of the cut-
assisting lubricant in advance with the whol e surface of
a region where the through-groove is to be fornmed is
preferred because this can further reduce the occurrence
of splintering at the periphery of a cut portion.
[ 0028]

The cut-assisting lubricant is closely contacted
with the portion to serve as a starting point for formng
t he through-groove, to thereby transfer a lubricating

conponent of the cut-assisting lubricant to the tip of
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the cutting tool imedi ately before processing.
Therefore, the lubricating effect of the cut-assisting

| ubricant is exerted nore effectively. This can further
reduce load to the cutting tool and tends to be able to
suppress the abrasion of the cutting tool and reduce the
occurrence of burrs, chippings, or splintering in the
nei ghbor hood of the starting point for formng the

t hrough-groove. Alternatively, the cut-assisting

| ubricant is closely contacted with the whole surface of
a region where the through-groove is to be forned, to

t hereby continuously transfer a lubricating conponent of
the cut-assisting lubricant to the tip of the cutting
tool during cutting work. Therefore, the lubricating
effect of the cut-assisting lubricant is exerted nuch
nore effectively. This can particularly remarkably
reduce load to the cutting tool and tends to be able to
remar kabl 'y suppress the abrasion of the cutting tool and
remar kably reduce the occurrence of burrs, chippings, or
splintering in the region where the through-groove is to
be formed. Alternatively, the cut-assisting lubricant is
closely contacted with the surface of a part of the
regi on where the through-groove is to be forned, i.e., a
part of the region except for the portion to serve as a
starting point, to thereby transiently transfer a

| ubri cati ng conponent of the cut-assisting lubricant to
the tip of the cutting tool during cutting work.

Therefore, the lubricating effect of the cut-assisting
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| ubricant is exerted nore effectively. This can further
reduce load to the cutting tool and tends to be able to
suppress the abrasion of the cutting tool and reduce the
occurrence of burrs, chippings, or splintering in the

nei ghbor hood of the part of the region where the through-
groove is to be forned. Wen the portion with which the
cut-assisting lubricant is to be closely contacted in
advance is both of a portion to serve as a starting point
for form ng the through-groove, and the surface of a part
of the region where the through-groove is to be forned (a
part of the region except for the portion to serve as a
starting point), the aforenentioned effects based thereon
can be nmultiply exerted. Particularly, fromthe

vi ewpoi nt of better bal ance between the anpunt of the
cut-assisting |ubricant used and the effects brought
about by use thereof, such as reduction in load to the
cutting tool, suppression of the abrasion of the cutting
tool, and reduction in the occurrence of burrs or the
like, the portion with which the cut-assisting |ubricant
Is to be closely contacted in advance may be preferably
both of a portion to serve as a starting point for
formng the through-groove, and the surface of a part of
the region where the through-groove is to be forned (a
part of the region except for the portion to serve as a
starting point).

[ 0029]



The cut-assisting lubricant is closely contacted
with a portion to be initially penetrated by the cutting
tool in the portion to serve as the exit of the cutting
tool, to thereby supply a lubricating conmponent of the
cut-assisting lubricant to the tip of the cutting tool at
the start of penetration of the cutting tool. Therefore,
the lubricating effect of the cut-assisting lubricant is
exerted nore effectively. This can reduce load to the
cutting tool and tends to be able to suppress the
abrasion of the cutting tool and reduce the occurrence of
burrs, chippings, or splintering in the nei ghborhood of
the portion to be initially penetrated by the cutting
tool. Furthernore, the cut-assisting lubricant is placed,
for use, on a portion to be initially penetrated by the
cutting tool, in the workpiece material so that the cut-
assisting lubricant can act like a lid to thereby
suppress burrs, chippings, or splintering upon initia
penetration of the cutting tool.

[ 0030]

In the cutting work of a fiber reinforced conposite
materi al, the nmechani smunderlying the occurrence of
burrs, chippings, or splintering at a portion to be
initially penetrated by the cutting tool is as described
bel ow. Wen the tip of a tool starts to penetrate the
| ower nost | ayer of the fiber reinforced conposite
material, the workpiece naterial starts to split in a

direction parallel to the fiber. As the tool gradually
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conmes down, the fiber of the workpiece material is cut
of f around the center of the hole and cut off in a

di rection perpendicular to the fiber. Then, as the too
further cones down, the hole is expanded by pushing. In
this case, the fiber held in a cantil evered state by the
edge of the hole nerely falls in the rotational direction
of the tool wi thout being cut off. In this respect,
processing can be perforned with the cut-assisting

| ubricant placed on a portion to be initially penetrated
by the cutting tool, in the workpiece material to thereby
prevent the fiber of the workpiece nmaterial from being
held in a cantilevered state by the edge of the hole.
Thus, the fiber of the workpiece material can be neatly
cut off along the edge of the hole. As a result, this
approach can suppress the occurrence of burrs, chippings,
or splintering and yield a high quality cut through-
groove, as conpared wi th conventional nethods.
Particularly, in the case of using a router bit, cutting
wor k superior in productivity and quality to that of
conventional techniques is achieved with the router bit.
[ 0031]

For continuous cutting work, i.e., continuous
formation of a plurality of through-grooves, the cutting
tool is contacted once with the cut-assisting |ubricant
pl aced at a portion to serve as the exit of the cutting
tool and/or a portion to serve as the entrance of the

cutting tool so that the cut-assisting lubricant is



- 29 -

attached to the cutting tool (e.g., a router bit).
Therefore, the effects of reducing load to the cutting
tool, suppressing the abrasion of the cutting tool, and
prolonging the lifespan of the cutting tool can be
obt ai ned i n subsequent processing.
[ 0032]

Exanpl es of the nmethod for closely contacting the
cut-assisting lubricant wth the workpiece materi a
i nclude, but are not particularly limted to: a method
whi ch invol ves physically fixing the cut-assisting
| ubri cant and the workpiece material with a clip or a
jig; and a nethod using the cut-assisting |ubricant
having a | ayer of a conpound havi ng adhesi veness
(adhesive layer) on the surface of the cut-assisting
| ubricant or the surface of netal foil to be contacted
with the workpiece nmaterial. Anong them the nethod
using the cut-assisting lubricant having an adhesive
| ayer is preferred because this nmethod elimnates the
need of fixation with a jig or the like. In the present
specification, the "adhesive |layer" is defined as a | ayer
of a conpound havi ng adhesi veness that is used for fixing
the workpi ece material and the cut-assisting |ubricant.
[ 0033]

[Cutting step]

The cutting step is the step of cutting a workpi ece
material with a cutting tool to thereby forma through-

groove in the workpiece material, wherein the through-
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groove is forned by cutting the workpiece material wth
the cutting tool while contacting a cut-assisting

| ubricant with the contact portion of the cutting too
with the workpi ece material and/or the contact portion
(to-be-processed portion) of the workpiece material with
the cutting tool. Use of the cut-assisting lubricant in
this way, for exanple, for cutting work, particularly,
conti nuous cutting work, enhances the lubricity between
the cutting tool surface including the groove surface of
the cutting tool and the inside wall surface of a cut
portion, facilitates elimnating carbon fiber cut by the
bl ade of the cutting tool, and decreases the frequency
and degree of rubbing between the blade of the cutting
tool and the inside wall surface of a cut portion.
Therefore, the abrasion of the blade of the cutting too
is probably reduced. This principle of action applies to
every general cutting tool.

[ 0034]

In a preferred enbodi nent, the cutting step invol ves
cutting the workpiece material with the cutting too
whil e contacting a cut-assisting lubricant with the
cutting tool. Exanples of such an enbodi nent include: an
enbodi nent in which the cut-assisting |ubricant-attached
cutting tool is used in the contact step nmentioned above;
an enbodi ment in which, as shown in Figure 3, the cut-
assisting lubricant is contacted with and attached to the

cutting tool in advance in the cutting step; and an
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enbodi nent in which in the close contact step nentioned
above, the cutting tool contacted with the cut-assisting
| ubricant closely contacted with the workpi ece materi a
is used so that the cut-assisting lubricant is
consequently contacted with the cutting tool. Figure 3
shows an enbodi nent in which the cut-assisting |ubricant
is used in contact with the cutting tool w thout being
closely contacted with the workpi ece material. The
cutting work is performed while the cut-assisting
lubricant 1 is contacted with the cutting tool 3 as shown
in Figure 3, to thereby constantly supply the cut-
assisting lubricant 1 to the cutting tool 3. Thus, the
cutting work can be perforned nore efficiently. 1In the
case of using the cut-assisting lubricant 1 in close
contact with the workpiece material 2 as shown in Figure
1 or 2, the cut-assisting lubricant 1 in an anount
cal cul ated fromthe thickness of the cut-assisting
| ubricant 1 x router bit dianeter (area of a portion to
be contacted with the cutting tool) is supplied to the
cutting tool 3. In this case, additional use of another
cut-assisting lubricant different fromthe cut-assisting
lubricant 1 allows a nore sufficient anmount of the cut-
assisting lubricants to be supplied to the cutting tool.
[ 0035]

I n anot her preferred enbodi nent, the cutting step
i nvol ves cutting the workpiece naterial with the cutting

tool while contacting a cut-assisting lubricant with the
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t o- be- processed portion of the workpiece naterial.
Exanpl es of such an enbodi nent include: an enbodi ment in
which in the contact step nentioned above, the cut-
assisting lubricant-attached cutting tool is used so that
the cut-assisting lubricant is consequently contacted

Wi th the to-be-processed portion of the workpiece
material; and an enbodi nent in which the close contact
step nmentioned above is adopted.

[ 0036]

Two or nore of these enbodi nents of contacting a
cut-assisting lubricant with the cutting tool and/or the
t o- be- processed portion of the workpiece naterial nay be
conbi ned. Exanples of such a conbination include an
enbodi nent in which in the cutting step, the cutting too
is used in a cut-assisting lubricant-attached state (see,
for exanple, Figure 3) to cut the workpiece materi al
closely contacted with another cut-assisting |ubricant
di fferent therefrom
[ 0037]

The cutting step preferably conprises the steps of:
cutting the workpiece material with the cutting tool to
thereby forma through-hole in the workpi ece materi al
(through-hole formation step); and form ng the through-
groove in the workpiece material by cutting the workpiece
material while noving the cutting tool inserted in the
through-hole in a direction orthogonal or substantially

orthogonal to the penetration direction of the through-
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hol e (through-groove formation step). In the through-
groove formation step, the workpiece material is cut with
the cutting tool while a cut-assisting lubricant is
contacted with the contact portion of the cutting too
with the workpi ece material and/or the contact portion of
the workpiece material with the cutting tool. This
renders the cutting tool insusceptible to change in its
di mensi on caused by abrasion. As a result, a through-
groove width can be prevented from bei ng narrowed as the
t hrough-groove formati on step proceeds. Use of the cut-
assisting lubricant in the formation of a through-groove
renders the cutting tool insusceptible to change in its
di mensi on caused by abrasion in the thickness direction
of the workpiece material. Therefore, the difference in
t hr ough- groove wi dth between the front and back of the
wor kpi ece material is further decreased. Thus, a

t hr ough- groove having a nore uni formthrough-groove w dth
I S obt ai ned.

[ 0038]

The t hrough-groove obtained by the cutting work is
not particularly limted as |ong as the groove penetrates
the workpiece material. The width of the through-groove
is not particularly limted and is, for exanple, 0.5 nm
or larger, preferably 1.0 mmor larger, nore preferably
2.0 mmor larger. The upper limt of the width of the
t hrough-groove is not particularly limted and is

preferably, for exanple, 20 mmor smaller. The |ength of
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the through-groove is not particularly limted as |ong as
the length is equal to or larger than the width of the
groove. The length of the through-groove is, for exanple,
600 mMm or larger, preferably 1000 mmor |arger. The
upper limt of the length of the through-groove is not
particularly limted and is preferably, for exanple, 5000
mmor smaller. This is because, even if the | ength of
the through-groove is 600 nmor |arger, use of the cut-
assisting lubricant reduces the abrasion of the cutting
tool and further inproves the quality of a cut portion

(t hrough- groove).

[ 0039]

The shape of the through-groove viewed in its
penetration direction is not particularly limted and may
be |inear, curved, or polygonally linear, nmay be a U or V
shape, or nay be an irregular shape such as a helica
shape. The cross sectional shape of the through-groove
Is not particularly limted, and the cross section is
usual Iy rectangul ar.

[ 0040]

The thickness of the workpiece material is not
particularly limted and is usually 0.5 mmor | arger,
preferably 1 nmmor larger, nore preferably 2 nmor |arger.
The upper limt of the thickness of the workpiece
material is not particularly limted and is preferably,
for exanple, 40 mmor smaller. This is because, even if

the thickness of the workpiece material is 0.5 mm or
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| arger, use of the cut-assisting |ubricant reduces the
abrasion of the cutting tool and further inproves the
guality of a cut portion (through-groove). On the other
hand, when the thickness of the workpiece nmaterial is 40
mmor smaller, a lubricating conponent of the cut-
assisting lubricant can be nore sufficiently spread out
in the cutting edge and groove portions of the cutting
tool. This reduces the abrasion of the cutting tool and
further inproves the quality of a cut portion (through-
groove).

[ 0041]

The type of the cutting tool is not particularly
limted, and a router bit generally used in the fornation
of through-grooves is preferred. The router bit is not
particularly limted by its dianeter, material, shape,
and presence or absence of a surface coating as |ong as
the router bit is generally used. The material of the
router bit is preferably a cenented carbi de produced by
sintering a powder of a hard nmetal carbide. Exanples of
such a cenented carbide include, but are not particularly
limted to, a netal produced by sintering a m xture of
tungsten carbide and a binder cobalt. Since such a
cenmented carbide further inproves naterial
characteristics according to a usage purpose, titanium
carbi de, tantalum carbide, or the |like may be further
contai ned therein. On the other hand, the shape of the

router bit can be appropriately selected according to the
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conditions of cutting work, the type and shape of the
wor kpi ece material, etc. The shape of the router bit is
not particularly limted and is selected, for exanple,
fromthe viewpoint of the direction of tw st of the
router bit, fromthe viewdoint of the angle of tw st of
its groove, and fromthe viewpoint of the nunber of
cutting edges. The surface coating of the router bit can
be appropriately selected according to the conditions of
cutting work, the type and shape of the workpiece
material, etc. Preferred exanples of the type of the
surface coating include dianond coating, dianond Iike
coating, and ceram c coati ng.
[ 0042]

In the cutting step, a general cutting work
techni que can be used. Exanples thereof include cutting
work that is perforned while a site under cutting work
and/or the cutting tool is cooled using a gas or a liquid.
Exanpl es of the nethod for cooling a site under cutting
wor k and/or the cutting tool using a gas include: a
nmet hod whi ch invol ves supplying a conpressed gas to the
site under cutting work and/or the cutting tool; and a
met hod whi ch invol ves supplying an anbient gas to the
site under cutting work and/or the cutting tool by
aspirating the gas in the nei ghborhood of the site under
cutting work and/or the cutting tool.
[ 0043]

[ Cut -assisting | ubricant]
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Exanpl es of the cut-assisting lubricant used in the
cutting nethod of the present enbodi nent include, but are
not particularly limted to, a cut-assisting |ubricant
conprising a polynmer material and an inorganic filler.
Specifically, the cut-assisting lubricant is preferably a
cut-assisting |ubricant containing a polyner material,
for exanple, a water soluble or non-water soluble
thernoplastic resin or thernosetting resin, and an
inorganic filler, for exanple, graphite, nolybdenum
di sul fi de, tungsten disulfide, or a nolybdenum conpound.
More specifically, the cut-assisting lubricant is nore
preferably a cut-assisting |ubricant containing a high
nol ecul ar wei ght conpound (A) having a wei ght average
mol ecul ar wei ght of 5 x 10% or higher and 1 x 10° or
| ower, a nedi um nol ecul ar wei ght conpound (B) having a
wei ght average nol ecul ar wei ght of 1 x 10°® or hi gher and
| ower than 5 x 10% and a carbon (C). Use of such a cut-
assisting lubricant can further reduce |oad to the
cutting tool and tends to be able to further reduce the
occurrence of burrs, chippings, or splintering at the
peri phery of a cut portion.

[ 0044]

The shape of the cut-assisting lubricant is not
particularly limted as |ong as the shape allows the
wor kpi ece material to be cut with the cutting tool while
the cut-assisting lubricant is contacted with the contact

portion of the cutting tool with the workpi ece materi al
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and/or the contact portion (to-be-processed portion) of
the workpiece material with the cutting tool. Exanples
of such a cut-assisting lubricant include a cut-assisting
| ubricant in the formof a sheet, a cut-assisting
lubricant in the formof a block such as a round bar
shape or a square bar shape, and a cut-assisting

| ubricant in a nelted state. Anong them the cut-
assisting lubricant in the formof a sheet is preferred.

[ 0045]

The cut-assisting lubricant may be a nonol ayer body
conprising a polynmer material and an inorganic filler, or
may be a nultilayer body having a |ayer conprising a
pol ynmer material and an inorganic filler, and an
additional |ayer. Exanples of the additional |ayer
i ncl ude an adhesive | ayer for inproving the adhesion
bet ween the cut-assisting lubricant and the workpi ece
material, and a protective |ayer for preventing scratches
on the surface of the cut-assisting |lubricant.

Herei nafter, the configuration of the cut-assisting
| ubricant will be descri bed.
[ 0046]

(Hi gh nol ecul ar wei ght conpound (A))

The hi gh nol ecul ar wei ght conpound (A) can function
as a lubricant agent and is capable of exerting the
effects of inproving the lubricity of the cut-assisting
| ubri cant and reducing the occurrence of chippings, burrs,

or splintering at the periphery of a cut portion. The
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hi gh nol ecul ar wei ght conpound (A) can further function
as a nolding agent and is capable of exerting the effects
of inproving the noldability of the cut-assisting

| ubri cant and form ng a nonol ayer (a |ayer (sheet) can be
formed in itself wthout the use of a support base
material). The high nol ecul ar wei ght conpound (A) nay
have a wei ght average nol ecul ar wei ght of 5.0 x 10* or

hi gher and 1.0 x 10° or lower. Exanples thereof include
t hernopl astic resins such as water sol uble thernoplastic
resins and non-water soluble thernoplastic resins, and
thernosetting resins such as water sol uble thernosetting
resins and non-water soluble thernpsetting resins. Anong
them a thernoplastic resin, i.e., a water soluble

t hernopl astic resin and/or a non-water sol uble
thernoplastic resin, is preferred, and a water sol uble
thernoplastic resin is nore preferred. Exanples of the
wat er sol ubl e thernoplastic resin and the non-water

sol ubl e thernopl astic resin include, but are not
particularly limted to, water soluble resins and non-
wat er sol ubl e resins described bel ow. The "water sol uble
resin" refers to a high nol ecul ar conpound that is

di ssolved in an anount of 1 g or larger with respect to
100 g of water at 25°C at 1 atm One hi gh nol ecul ar

wei ght conpound (A) may be used al one, or two or nore

t hereof nmay be used in conbination.

[ 0047]
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Use of the water soluble resin, particularly, the
wat er sol ubl e thernoplastic resin, tends to inprove scrap
elimnating properties at the tine of cutting work by the
lubricity of the resin. Al so, use of the water sol uble
resin, particularly, the water sol uble thernoplastic
resin, noderately softens the surface hardness of the
cut-assisting lubricant and therefore tends to be able to
further reduce load to the cutting tool. Furthernore, a
resin conmponent attached to the cut portion and its
nei ghbor hood can be easily renoved after the cutting work.
Exanpl es of the water sol uble thernoplastic resin include,
but are not particularly limted to: polyal kyl ene oxi de
conpounds such as pol yet hyl ene oxi de, pol ypropyl ene oxi de,
and pol yet hyl ene oxi de- propyl ene oxi de copol yners;
pol yal kyl ene gl ycol conpounds such as pol yet hyl ene gl yco
and pol ypropyl ene glycol; ester conpounds of polyal kyl ene
gl ycol ; ether conpounds of polyal kyl ene glycol;
nonost ear at e conpounds of pol yal kyl ene gl ycol, such as
pol yet hyl ene gl ycol nobnostearate, polypropylene glyco
nonost earate, and pol ygl ycerin nonostearate; water
sol ubl e urethanes; water sol uble polyether resins; water
sol ubl e pol yesters; sodi um pol y(net h)acryl at e;
pol yacryl am de; pol yvi nyl pyrrolidone; polyvinyl alcohol;
saccharides such as cellul ose and derivatives thereof;
and nodi fi ed polyam de. Anong them pol yethyl ene oxi de,
pol yet hyl ene glycol, and a water sol uble polyether resin

are preferred fromthe vi ewpoi nt described above. One of



these water soluble thernoplastic resins is used al one,
or two or nore thereof are used in conbination.
[ 0048]

Use of the non-water soluble resin, particularly,
the non-water soluble thernoplastic resin, tends to
I ncrease the surface hardness of the cut-assisting
| ubricant, as conpared with use of the water sol uble
resin. This inproves the biting performnce of the
cutting tool at the time of cutting work, can forma cut
portion at a position as designed, further inproves the
rigidity of the cut-assisting lubricant, and inproves
handl eabi |l ity. Exanples of the non-water sol uble
thernoplastic resin include, but are not particularly
limted to: urethane polyners; acrylic polyners; vinyl
acetate polyners; vinyl chloride polyners; polyester
pol ynmers; polystyrene resins exenplified by polyethyl ene
wax, styrene honopol yners (GPPS), styrene-butadiene
copol ynmers (HI PS), and styrene-(neth)acrylic acid
copolynmers (e.g., M5 resin); and copolynmers thereof. One
of these non-water soluble thernoplastic resins is used
alone, or two or nore thereof are used in conbination.
[ 0049]

The wei ght average nol ecul ar wei ght of the high
mol ecul ar wei ght conpound (A) is preferably 5.0 x 10* or
hi gher, nore preferably 6.0 x 10* or higher, further
preferably 1.0 x 10° or higher, particularly preferably
1.25 x 10° or higher, exceedingly preferably 1.75 x 10°



or higher. Also, the weight average nol ecul ar wei ght of
t he hi gh nol ecul ar wei ght conpound (A) is preferably 1.0
x 10° or lower, nmore preferably 8.0 x 10° or | ower,
further preferably 7.0 x 10° or lower, particularly
preferably 6.0 x 10°> or lower. Wen the wei ght average
nol ecul ar wei ght of the high nol ecul ar wei ght conpound
(A is 5.0 x 10* or higher, the noldability of the cut-
assisting lubricant is further inproved. Wen the weight
aver age nol ecul ar wei ght of the high nol ecul ar wei ght
compound (A) is 1.0 x 10° or lower, the lubricity brought
about by the cut-assisting lubricant is further inproved.
In the case of using two or nore high nol ecul ar wei ght
conpounds (A), it is preferred that the wei ght average
nol ecul ar weight of a m xture of the two or nore high
nol ecul ar wei ght conpounds (A) should satisfy the range
of the wei ght average nol ecul ar wei ght descri bed above,
and it is nore preferred that the respective wei ght
aver age nol ecul ar wei ghts of the conpounds should satisfy
the range of the weight average nol ecul ar wei ght
descri bed above. In the present enbodi nent, the wei ght
aver age nol ecul ar wei ght can be neasured by a net hod
described in Exanples (hereinafter, the sanme holds true
for physical properties, etc. described in Exanples).
[ 0050]

The hi gh nol ecul ar wei ght conmpound (A) may conpri se
a hi gh nol ecul ar wei ght compound (A-1) having a wei ght

average nol ecul ar weight of 3.0 x 10° or higher and 1.0 x
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10° or lower and/or a high nol ecul ar wei ght compound (A-
2) having a wei ght average nol ecul ar wei ght of 5.0 x 10%
or higher and |l ower than 3.0 x 10° and preferably
conpri ses both of the high nolecular weight compound (A-
1) and the high nol ecul ar wei ght conpound (A-2).

Combi ned use of the high nol ecular wei ght conpound (A-1)
and the high nol ecul ar wei ght conpound (A-2) tends to
further inprove the noldability of the cut-assisting

| ubri cant and the lubricity brought about by the cut-
assisting |ubricant.

[ 0051]

The wei ght average nol ecul ar wei ght of the high
mol ecul ar wei ght conpound (A-1) is 3.0 x 10° or higher,
preferably 4.0 x 10° or higher, nore preferably 4.5 x 10°
or higher, further preferably 5.0 x 10° or higher. Also,
t he wei ght average nol ecul ar wei ght of the high nol ecul ar
wei ght conmpound (A-1) is 1.0 x 10° or lower, preferably
8.0 x 10° or lower, nore preferably 7.0 x 10° or | ower,
further preferably 6.0 x 10° or | ower.

[ 0052]

The content of the high nol ecul ar wei ght conpound
(A-1) in the cut-assisting lubricant is preferably 5
parts by nass or larger, nore preferably 10 parts by nass
or larger, further preferably 15 parts by nass or |arger,
with respect to 100 parts by mass in total of the high
nol ecul ar wei ght conmpound (A), the nedi um nol ecul ar

wei ght conpound (B), and the carbon (C. Also, the



content of the high nolecul ar weight conmpound (A-1) in
the cut-assisting lubricant is preferably 35 parts by
mass or smaller, nore preferably 30 parts by mass or

smal ler, further preferably 25 parts by nmass or snaller,
Wi th respect to 100 parts by nass in total of the high
nol ecul ar wei ght conpound (A), the nedi um nol ecul ar

wei ght conpound (B), and the carbon (C). Wen the
content of the high nol ecul ar wei ght conmpound (A-1) is 5
parts by nass or larger, the noldability tends to be
further inproved. Wen the content of the high nol ecul ar
wei ght conmpound (A-1) is 35 parts by mass or smaller, the
| ubricity tends to be further inproved.

[ 0053]

The wei ght average nol ecul ar wei ght of the high
mol ecul ar wei ght conpound (A-2) is 5.0 x 10* or higher,
preferably 6.0 x 10* or higher, nore preferably 1.0 x 10°
or higher, further preferably 1.25 x 10° or higher. Al so,
the wei ght average nol ecul ar wei ght of the high nol ecul ar
wei ght compound (A-2) is lower than 3.0 x 10° preferably
2.5 x 10° or lower, nore preferably 2.0 x 10° or | ower.

[ 0054]

The content of the high nol ecul ar wei ght conpound
(A-2) in the cut-assisting lubricant is preferably 5
parts by nass or larger, nore preferably 10 parts by nass
or larger, further preferably 15 parts by nmass or | arger,
with respect to 100 parts by mass in total of the high

nol ecul ar wei ght conpound (A), the nedi um nol ecul ar
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wei ght conpound (B), and the carbon (C. Also, the
content of the high nolecul ar weight conmpound (A-2) in
the cut-assisting lubricant is preferably 35 parts by
mass or snaller, nore preferably 30 parts by mass or
smal ler, further preferably 25 parts by mass or smaller,
with respect to 100 parts by mass in total of the high
nol ecul ar wei ght conmpound (A), the nedi um nol ecul ar
wei ght conpound (B), and the carbon (C). Wen the
content of the high nolecular weight conmpound (A-2) is 5
parts by mass or larger, the lubricity tends to be
further inproved. Wen the content of the high nol ecul ar
wei ght conpound (A-2) is 35 parts by mass or smaller, the
nol dability tends to be further inproved.
[ 0055]

The content of the high nol ecul ar wei ght conpound
(A) in the cut-assisting lubricant is preferably 10 parts
by nmass or larger, nore preferably 20 parts by mass or
| arger, further preferably 25 parts by nmass or |arger,
particularly preferably 30 parts by mass or larger, with
respect to 100 parts by nass in total of the high
nol ecul ar wei ght conmpound (A), the nedi um nol ecul ar
wei ght conpound (B), and the carbon (C. Also, the
content of the high nolecular weight conmpound (A) in the
cut-assisting lubricant is preferably 60 parts by mass or
smaller, nore preferably 55 parts by mass or smaller,
further preferably 50 parts by mass or smaller, with

respect to 100 parts by nass in total of the high
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nol ecul ar wei ght conpound (A), the nedi um nol ecul ar
wei ght conpound (B), and the carbon (C). Wen the
content of the high nol ecul ar weight conpound (A) is 10
parts by nass or larger, the lubricity tends to be
further inproved. Wen the content of the high nol ecul ar
wei ght conpound (A) is 60 parts by mass or smaller, the
nol dability tends to be further inproved. Wen the
content of the high nolecul ar weight conmpound (A) falls
wi thin the range descri bed above, there is a tendency to
further reduce load to the cutting tool and further
reduce the occurrence of burrs, chippings, or splintering
at the periphery of a cut portion. Particularly, when
the content of the high nol ecul ar wei ght conpound (A) is
20 parts by mass or larger, there is a tendency to
further reduce the occurrence of burrs, chippings, or
splintering in the through-groove and its nei ghborhood.
More specifically, the content of the high nol ecul ar
wei ght conpound (A) is preferably 20 to 60 parts by nass,
nore preferably 25 to 55 parts by mass, further
preferably 30 to 50 parts by mass, with respect to 100
parts by nass in total of the high nol ecul ar wei ght
compound (A), the nedi um nol ecul ar wei ght conpound (B)
and the carbon (C).
[ 0056]

(Medi um nol ecul ar wei ght conpound (B))

The nmedi um nol ecul ar wei ght conpound (B) can

function as a lubricant agent and is capable of exerting



the effects of inproving the lubricity of the cut-
assi sting lubricant and reducing the occurrence of
chi ppi ngs, burrs, or splintering at the periphery of a
cut portion. The nedium nol ecul ar wei ght conpound (B)
preferably has a wei ght average nol ecul ar wei ght of 1.0 x
10% or higher and lower than 5.0 x 10% Exanpl es t hereof
i nclude, but are not particularly limted to,
t hernopl astic resins such as water sol uble thernoplastic
resins and non-water sol uble thernoplastic resins, and
thernosetting resins such as water sol uble thernosetting
resins and non-water soluble thernpsetting resins. Anong
them a water soluble thernoplastic resin and a non-wat er
sol ubl e thernoplastic resin are preferred, and a water
sol ubl e thernoplastic resin is nore preferred.
[ 0057]

For exanple, resins that are resins of the sane
types as in the water soluble resin and the non-water
sol ubl e resin described in the precedi ng paragraph "Hi gh
nol ecul ar wei ght conmpound (A)" and have a wei ght average
mol ecul ar wei ght of 1.0 x 10% or higher and | ower than
5.0 x 10* can be used as the water soluble thernoplastic
resin and the non-water sol uble thernoplastic resin.
More specific exanples of the nedi um nol ecul ar wei ght
compound (B) include, but are not particularly limted
to: polyal kyl ene gl ycol conpounds such as pol yet hyl ene
gl ycol, pol ypropyl ene glycol, and pol ytetranet hyl ene

gl ycol ; nonoet her conpounds of polyal kyl ene oxi de, such
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as pol yet hyl ene oxi de ol eyl ether, polyethylene oxide
cetyl ether, polyethylene oxide stearyl ether,
pol yet hyl ene oxi de | auryl ether, polyethyl ene oxide nonyl
phenyl ether, and pol yet hyl ene oxi de octyl phenyl ether;
nonost ear at e conpounds of pol yal kyl ene oxi de, such as
pol yet hyl ene oxi de nonostearate, polyethyl ene oxide
sorbitan nonostearate, and pol ygl ycerin nonostearate; and
pol yal kyl ene oxi de conpounds such as pol yet hyl ene oxi de,
pol ypr opyl ene oxi de, and pol yet hyl ene oxi de- propyl ene
oxi de copol yners. Anong them pol yethyl ene oxide
nonostearate is preferred. Use of such a nedi um
nol ecul ar wei ght compound (B) tends to further inprove
the lubricity. One medi um nol ecul ar wei ght conpound (B)
may be used alone, or two or nore thereof nay be used in
conbi nati on
[ 0058]

The hi gh nol ecul ar wei ght conmpound (A) and the
medi um nol ecul ar wei ght conpound (B), which differ in
nol ecul ar weight, may also differ in their respective
nmelt viscosities and nelting points. Conbined use of
such a hi gh nol ecul ar wei ght compound (A) and a nedi um
nol ecul ar wei ght conpound (B) has the foll ow ng
advant ages: al t hough use of the high nol ecul ar wei ght
compound (A) al one, for exanple, reduces the noldability
or lubricity of the cut-assisting |lubricant due to too
high a viscosity or too high a nelting point of the cut-

assisting lubricant, this can be suppressed. Although
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use of the nmedi um nol ecul ar wei ght conpound (B) al one
reduces the noldability or lubricity of the cut-assisting
| ubricant due to too low a viscosity or too low a nelting
poi nt of the cut-assisting lubricant, this can be
suppressed. As aresult, there is a tendency to further
reduce load to the cutting tool and further reduce the
occurrence of burrs, chippings, or splintering at the
peri phery of a cut portion.

[ 0059]

The wei ght average nol ecul ar wei ght of the nedi um
mol ecul ar wei ght conpound (B) is preferably 1.0 x 10% or
hi gher, nore preferably 1.25 x 10° or higher, further
preferably 1.5 x 10° or higher, still further preferably
2.0 x 10% or higher, particularly preferably 2.5 x 10% or
hi gher, exceedingly preferably 3.0 x 10° or higher. Al so,
t he wei ght average nol ecul ar wei ght of the medi um
nol ecul ar wei ght conpound (B) is preferably | ower than
5.0 x 10% nore preferably 2.5 x 10* or lower, further
preferably 2.0 x 10* or lower, still further preferably
1.0 x 10* or lower, particularly preferably 7.5 x 10% or
| ower, exceedingly preferably 5.0 x 10° or |ower. Wen
the wei ght average nol ecul ar wei ght of the nmedi um
mol ecul ar wei ght conpound (B) is 1.0 x 10° or higher, the
nol dability of the cut-assisting |ubricant is further
i nproved. Wen the wei ght average nol ecul ar wei ght of
t he nedi um nol ecul ar wei ght conpound (B) is |ower than

5.0 x 10% the lubricity brought about by the cut-
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assisting lubricant is further inproved. In the case of
using two or nore nedi um nol ecul ar wei ght conpounds (B)
it is preferred that the wei ght average nol ecul ar wei ght
of a m xture of the two or nore nedi um nol ecul ar wei ght
conpounds (B) should satisfy the range of the weight
aver age nol ecul ar wei ght descri bed above, and it is nore
preferred that the respective wei ght average nol ecul ar
wei ghts of the conpounds should satisfy the range of the
wei ght average nol ecul ar wei ght descri bed above.
[ 0060]

The content of the nedi um nol ecul ar wei ght conpound
(B) in the cut-assisting lubricant is preferably 10 parts
by nmass or larger, nore preferably 20 parts by mass or
| arger, further preferably 30 parts by mass or |arger,
With respect to 100 parts by nass in total of the high
nol ecul ar wei ght conmpound (A), the nedi um nol ecul ar
wei ght conpound (B), and the carbon (C. Also, the
content of the medi um nol ecul ar wei ght conpound (B) in
the cut-assisting lubricant is preferably 75 parts by
mass or smaller, nore preferably 60 parts by mass or
smal ler, further preferably 45 parts by nmass or snaller,
particularly preferably 40 parts by nass or snaller, wth
respect to 100 parts by nmass in total of the high
nol ecul ar wei ght compound (A), the nedi um nol ecul ar
wei ght conpound (B), and the carbon (C). Wen the
content of the medi um nol ecul ar wei ght conpound (B) is 10

parts by mass or larger, the lubricity brought about by
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the cut-assisting lubricant tends to be further inproved.
When the content of the nedi um nol ecul ar wei ght conpound
(B) is 75 parts by mass or smaller, the noldability of
the cut-assisting lubricant tends to be further inproved.
When the content of the nedi um nol ecul ar wei ght conpound
(B) falls within the range descri bed above, there is a
tendency to further reduce load to the cutting tool and
further reduce the occurrence of burrs, chippings, or
splintering at the periphery of a cut portion. More
specifically, the content of the nmedi um nol ecul ar wei ght
compound (B) is preferably 10 to 75 parts by nass, nore
preferably 20 to 60 parts by nmass, further preferably 30
to 45 parts by mass, with respect to 100 parts by nass in
total of the high nolecul ar weight conpound (A), the

nmedi um nol ecul ar wei ght conpound (B), and the carbon (CO).
[ 0061]

(Carbon (Q))

The carbon (C) can function as a solid |ubricant
agent and is capable of exerting the effects of inproving
the lubricity brought about by the cut-assisting
| ubri cant and prolonging the |ifespan of the cutting too
I n processing. Furthernore, the carbon (C) exists in a
solid state having a volune at a tenperature of cutting
work and therefore, can further maintain the lubricity at
the time of cutting work. Exanples of the carbon (O
i nclude, but are not particularly limted to, natura

graphite, artificial graphite, active carbon, acetyl ene
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bl ack, carbon bl ack, colloidal graphite, pyrolytic
graphite, expanded graphite, and flake graphite. Anobng
ot hers, the shape of the carbon (C) is preferably a fl ake
shape. The carbon (C) whose shape is a flake shape (e.qg.,
fl ake graphite) tends to further inprove the abrasion
reduci ng performance of the cut-assisting |ubricant. One
carbon (C) may be used alone, or two or nore thereof may
be used in conbi nation.
[ 0062]

In cutting work, particularly, cutting work to
conti nuously formthrough-grooves, using the cut-
assisting lubricant, the carbon (C) is attached to the
surface or groove of the cutting tool and the inside wal
surface of a cut portion in the workpiece material to
thereby exhibit lubricity. In this case, the carbon (C
| ess varies in volume and hardness due to change in
tenperature, as conpared with the high nol ecul ar wei ght
conmpound (A) and the nedi um nol ecul ar wei ght conpound (B)
and can therefore keep constant volune and hardness in
cutting work even if the tenperature of the cutting too
or a processing site is elevated. Specifically, the
carbon (C) can reside nornmally, for exanple, between the
cutting tool and the workpiece nmaterial in cutting work
to thereby enhance lubricity and exhibit effects simlar
to those of bearings. Therefore, the carbon (C is
effective for suppressing the abrasion of the cutting

tool. The carbon (C) has noderately high hardness, as
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conpared with other solid lubricant agents, and is
therefore excellent in the bearing effects described
above and excellent in lubricity. As a result, there is
a tendency to further reduce |oad to the cutting tool and
further reduce the occurrence of burrs, chippings, or
splintering at the periphery of a cut portion.
[ 0063]

The average particle size of the carbon (C) is
preferably 50 umor larger, nore preferably 100 um or
| arger, further preferably 150 umor |arger, particularly
preferably 200 umor larger. Also, the average particle
size of the carbon (C) is preferably 1000 um or snaller,
nore preferably 750 umor smaller, further preferably 500
umor smaller, particularly preferably 300 umor smaller.
When the average particle size of the carbon (C) is 50 um
or larger, the lubricity and the noldability are further
i nproved. As a result, there is a tendency to further
reduce load to the cutting tool, prolong the |ifespan of
the cutting tool, and further reduce the occurrence of
burrs, chippings, or splintering at the periphery of a
cut portion. Wen the average particle size of the
carbon (C) is 100 umor larger, the lubricity and the
nol dability are further inproved. As a result, there is
a tendency to further prolong the lifespan of the cutting
tool and further reduce the occurrence of burrs,
chi ppi ngs, or splintering in the through-groove and its

nei ghbor hood. Wen the average particle size of the



carbon (C) is 1000 umor smaller, there is a tendency to
further suppress the abrasion of the cutting tool. In
the case of conprising two or nore carbons (C), it is
preferred that the average particle size of a m xture of
the two or nore carbons (C) should satisfy the range
descri bed above, and it is nore preferred that the
respecti ve average particle sizes of the carbons (O
shoul d satisfy the range descri bed above.
[ 0064]

In the specification of the present application, the
average particle size of the carbon (C) refers to a
nmedi an size. The nedian size neans a particle dianeter
that is obtained fromthe cunul ative distribution curve
(nunber based) of particle sizes and beconmes 50% hei ght
in the curve (D50 value), and can be neasured by a nethod
descri bed i n Exanpl es.
[ 0065]

The content of the carbon (C) in the cut-assisting
| ubricant is preferably 5 parts by nass or |larger, nore
preferably 15 parts by mass or larger, further preferably
20 parts by mass or larger, still further preferably 25
parts by nmass or larger, particularly preferably 30 parts
by mass or larger, with respect to 100 parts by nass in
total of the high nolecul ar weight conpound (A), the
nmedi um nol ecul ar wei ght conmpound (B), and the carbon (CO.
Al so, the content of the carbon (C) in the cut-assisting

lubricant is preferably 70 parts by nass or snaller, nore
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preferably 65 parts by mass or smaller, further
preferably 60 parts by mass or smaller, with respect to
100 parts by mass in total of the high nol ecul ar wei ght
compound (A), the nedi um nol ecul ar wei ght conpound (B)
and the carbon (C). When the content of the carbon (C
is 5 parts by mass or larger, the lubricity brought about
by the cut-assisting lubricant tends to be further

i nproved. Wen the content of the carbon (C is 70 parts
by mass or smaller, the noldability of the cut-assisting
| ubricant tends to be further inproved. Wen the content
of the carbon (C) falls within the range descri bed above,
there is a tendency to further reduce load to the cutting
tool and further reduce the occurrence of burrs,

chi ppi ngs, or splintering at the periphery of a cut
portion. More specifically, the content of the carbon
(C) is preferably 5 to 70 parts by nass, nore preferably
15 to 65 parts by nmass, further preferably 20 to 60 parts
by mass, with respect to 100 parts by mass in total of

t he hi gh nol ecul ar wei ght conpound (A), the nedi um

nol ecul ar wei ght conpound (B), and the carbon (C).

[ 0066]

(Addi ti onal conponent)

The cut-assisting lubricant may optionally contain
an additional conponent. Exanples of the additiona
conponent include lubricity inproving conponents,
formability inproving conponents, plasticizers, softening

agents, surface conditioners, |leveling agents, antistatic
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agents, emulsifiers, antifoam ng agents, wax additives,
coupling agents, rheology controlling agents, antiseptics,
antifungal agents, antioxidants, light stabilizers,
nucl eati ng agents, organic fillers, inorganic fillers,
solid lubricant agents (other than the carbon (C)), heat
stabilizers, and col orants.
[ 0067]

Exanpl es of the lubricity inproving conponents
i nclude, but are not particularly limted to: amde
conpounds exenplified by ethyl enebi sstearam de, ol eic
acid am de, stearic acid am de, and
net hyl enebi sst earam de; fatty acid conpounds exenplified
by lauric acid, stearic acid, palmtic acid, and oleic
acid; fatty acid ester conpounds typified by butyl
stearate, butyl oleate, and glycol l|aurate; aliphatic
hydr ocar bon conpounds typified by liquid paraffin; and
hi gher aliphatic al cohols typified by ol eyl alcohol. At
| east one of these lubricity inproving conponents can be
sel ect ed.
[ 0068]

Exanpl es of the formability inproving conponents
i ncl ude, but are not particularly limted to, epoxy
resins, phenol resins, cyanate resins, mnelamne resins,
urea resins, and thernosetting polyimde, which are
thernosetting resins. At |east one of these formability
i nprovi ng conponents can be sel ect ed.

[ 0069]
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Wen the cut-assisting lubricant is placed on the
curved surface of a workpiece material (e.g., CFRP), a
pl asticizer or a softening agent contained in the cut-
assisting lubricant can suppress cracks in the cut-
assisting lubricant, for exanple, by mtigating stress or
strain to the cut-assisting lubricant, and tends to
further inprove the curved surface foll ow ng properties.
Exanpl es of the plasticizer or the softening agent
i nclude, but are not particularly limted to, phthalic
acid ester, adipic acid ester, trinellitic acid ester,
pol yester, phosphoric acid ester, citric acid ester,
epoxi di zed plant oil, and sebacic acid ester.

[ 0070]

Exanpl es of the solid |ubricant agents other than
the carbon (O include, but are not particularly limted
to, nolybdenum di sul fide, tungsten disulfide, nolybdenum
conmpounds, pol ytetrafl uoroethyl ene, and polyi m de.

[0071]

(Adhesi ve | ayer)

The cut-assisting lubricant may have an adhesive
| ayer on a face to be contacted with the workpiece
material. The adhesive |ayer carried by the cut-
assisting lubricant tends to further inprove the adhesion
bet ween the cut-assisting lubricant and the workpi ece
mat eri al .

[ 0072]
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The conponent constituting the adhesive |ayer is not
particularly Iimted and is, for exanple, a thernoplastic
resin and/or a thernosetting resin. Exanples of the
thernoplastic resin include, but are not particularly
limted to, urethane polyners, acrylic polyners, vinyl
acetate polyners, vinyl chloride polynmers, polyester
pol ymers, and copol yners thereof. Exanples of the
thernosetting resin include, but are not particularly
limted to, resins such as phenol resins, epoxy resins,
nel am ne resins, urea resins, unsaturated pol yester
resins, alkyd resins, polyurethane, thernopsetting
pol yi m de, and cyanate resins. Anong them an acrylic
polynmer is preferred because it is required to have the
properties of |eaving no paste on the workpi ece nmateri al
(e.g., CFRP) and being capable of easily adhering at
ordi nary tenperature. A solvent type acrylic pressure
sensitive adhesive and an acrylic enul sion type pressure
sensitive adhesive (aqueous) are nore preferred.

[ 0073]

The adhesive |l ayer may optionally contain a
degradati on preventing agent such as an anti oxi dant, and
an inorganic filler such as cal cium carbonate, talc, or
silica, as conponents of the adhesive |ayer.

[ 0074]

When the cut-assisting lubricant is renmoved fromthe

wor kpi ece material after the cutting work, the anount of

a conmponent of the cut-assisting lubricant attached to
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the workpi ece material is preferably 1.0 x 108 g or

smal ler, nmore preferably 5.0 x 10°° g or snaller, per mf
of the areas of the contact portion between the workpiece
material and the cut-assisting |ubricant, and the
processed portion; or when the cut-assisting |ubricant
havi ng the adhesive |ayer is renoved fromthe workpiece
material after the cutting work, the anount of a
conponent of the cut-assisting [ubricant and/or the
adhesi ve | ayer attached to the workpiece material is
preferably 1.0 x 10°% g or snmaller, nore preferably 5.0 x
10°° g or smaller, per mt of the areas of the contact
portion between the workpiece material and the cut-
assisting lubricant, and the processed portion. The
lower Iimt of the anpbunt of a conponent of the cut-

assi sting lubricant and/or the adhesive |ayer attached to
the workpiece material is not particularly limted and is
preferably 0 g. In this context, the "processed portion"
refers to the inside wall of a through-groove forned by
the cutting work with, for exanple, a router bit.

[ 0075]

(Thi ckness)

As nentioned above, the cut-assisting |ubricant may
be in the formof a sheet. In this case, the thickness
of the cut-assisting lubricant excluding the adhesive
| ayer is not particularly limted and is appropriately
sel ected according to a cutting nethod for the cutting

wor k of the workpiece material, a cut off nethod, the
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area or volune of a portion subjected to the cutting work,
the size of the cutting tool for use in the cutting work,
the bl ade I ength of the cutting tool, the configuration
of the fiber reinforced conposite material (CFRP), the

t hi ckness of the workpiece material, etc. Specifically,
al t hough the thickness of the cut-assisting lubricant is
appropriately selected according to the factors nentioned
above and therefore, is not particularly limted, the
thickness is preferably 0.1 nmmor |arger, nore preferably
0.2 mmor l|arger, further preferably 0.5 mmor |arger,
particularly preferably 5 mmor larger. Al so, the
thickness is not limted by the effects of the present
invention and is usually 100 mm or snuller, preferably 50
nmmor smaller, nore preferably 20 mmor smaller, further
preferably 10 mmor smaller. Wen the thickness of the
cut-assisting lubricant is 0.1 mmor |arger, sufficient
reduction in cutting stress tends to be obtai ned. Wen
the thickness is 0.5 mmor l|arger, workability and

handl eabil ity are further inproved because the cut-
assisting lubricant is strong enough to be handl ed. Wen
the thickness of the cut-assisting lubricant is 5 nm or

| arger, the effect of reducing the narrowing of a

t hrough-groove width tends to becone nore apparent. This
i s because a thicker cut-assisting lubricant allows a

| arger anmount of the |ubricating conponent to be attached
to the cutting tool and can be nore expected to have the

effect of protecting the cutting edge of the cutting tool.
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In the case of using the cut-assisting |ubricant
conprising a resin such as the high nol ecul ar wei ght
conmpound (A), the resin can be prevented from serving as
a binder for cutting chips. As a result, there is a
tendency to be able to decrease cutting chips remaining
on a cut portion. This tends to be able to suppress
increase in the inside irregularity of the cut portion.
In short, the lubricity can be further inproved by
securing the proper conposition and thickness of the cut-
assisting lubricant. Hence, the elimnation of cutting
chi ps through the groove of the cutting tool can be
optim zed for cutting work. Thus, usually, the effects
of the present invention can be sufficiently obtained as
|l ong as the thickness of the cut-assisting lubricant is
equal to or larger than the blade |length of the cutting
tool. For nore effectively and reliably obtaining the
effects of the present invention, it is preferred to
appropriately control the thickness of the cut-assisting
| ubricant within the range nentioned above. A plurality
of thin cut-assisting |ubricants may be | ayered for use.
In this case, it is preferred to appropriately contro
the total thickness of the plurality of layers within the
range mentioned above.
[ 0076]

The thickness of the adhesive |ayer is not
particularly limted and is preferably 0.01 nmor | arger,

nore preferably 0.05 mmor larger. Also, the thickness
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of the adhesive layer is preferably 5 mmor snmaller, nore
preferably 2.5 mmor snaller.
[0077]

The thickness of each layer constituting the cut-
assisting lubricant is neasured as follows: first, the
cut-assisting lubricant is cut off in its thickness
direction using a cross section polisher (CROSS- SECTI ON
PCLI SHER SM 09010 manufactured by JECL Ltd. DATUM
Sol uti on Busi ness Qperations) or an ultramcrotonme (EM
UC7 manufactured by Leica Canera AG. Next, the plane of
section is observed in a direction perpendicular to the
pl ane of section using a scanning el ectron m croscope
(SEM (VE-7800 manufactured by Keyence Corp.) to neasure
the thickness of each layer constituting the cut-
assisting lubricant. In this operation, the thicknesses
of 5 sites per field of view are nmeasured, and an average
val ue thereof is used as the thickness of each | ayer.

[ 0078]

[ Met hod for producing cut-assisting |ubricant]

The method for producing the cut-assisting |ubricant
of the present enbodinent is not particularly limted,
and a conventional nethod known in the art for nolding a
resin conmposition conprising a resin such as a pol yner
material, and a filler (e.g., an inorganic filler) into a
sheet or the formof a block such as a round bar shape or
a square bar shape can be w dely used. Exanples of such

a production nethod include: a nethod which invol ves
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m xi ng the high nol ecul ar wei ght conpound (A), the nmedi um
nol ecul ar wei ght conpound (B), and the carbon (C) in the
presence or absence of a solvent, applying the mxture to
a support, solidifying the m xture by cooling to forma
sheet, and then peeling off the support therefromto
obtain the cut-assisting |ubricant; and a nmethod which

i nvol ves m xing the high nol ecul ar wei ght conpound (A),

t he medi um nol ecul ar wei ght conpound (B), and the carbon
(C in the presence or absence of a solvent, extrusion
nol ding the m xture into a sheet shape, and draw ng the
sheet, if necessary, to obtain the cut-assisting

| ubri cant.

[ 0079]

When the cut-assisting lubricant is the multilayer
body nmenti oned above (e.g., a cut-assisting |ubricant
sheet havi ng an adhesive |ayer and/or a protective |ayer),
exanpl es of the nethod for producing the nmultil ayer body
i nclude, but are not particularly limted to: a nmethod
whi ch invol ves preparing one |layer in advance and
directly form ng another |ayer on at |east one side
t hereof; and a nethod which involves | am nating one | ayer
prepared i n advance and another |ayer by a |am nation
nmet hod usi ng an adhesive resin or heat.

[ 0080]

The nethod for form ng an adhesive |ayer on the

surface of the cut-assisting lubricant is not

particularly limted as long as the nethod is known in
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the art and industrially used. Specific exanples thereof
i nclude: a nethod which involves form ng the adhesive

| ayer by a roll nethod, a curtain coating nethod, a
sprayi ng method, or the like; and a nethod which invol ves
formng in advance the adhesive | ayer having the desired
thi ckness using a roll, a T-die extruder, or the I|ike.
The thickness of the adhesive |layer is not particularly
limted, and the optinmumthickness can be appropriately
sel ected according to the curvature of the workpiece
material and the configuration of the cut-assisting

| ubricant.

[ 0081]

In the case of producing the cut-assisting |ubricant
in anelted state, exanples of the nethod therefor
i nclude: a nmethod using, as the cut-assisting |ubricant,
a resin conposition obtained by mxing a resin and a
filler; and a nethod using, as the cut-assisting
| ubricant, a resin conposition obtained by m xing a resin,
afiller, and a sol vent.

[ 0082]

[ Wor kpi ece material]

The workpiece material that is subjected to the
cutting nethod of the present enbodi nent is not
particularly Iimted as I ong as the workpi ece materi al
conprises a fiber reinforced conposite material. The
fiber reinforced conposite material is not particularly

limted as long as the conposite material is made of a
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matrix resin and a reinforcing fiber. Exanples of the
matri x resin include, but are not particularly limted
to: thernpsetting resins such as epoxy resins, pheno
resins, cyanate resins, vinyl ester resins, and
unsat ur ated pol yester resins; and thernoplastic resins
such as ABS (acrylonitrile-butadi ene-styrene) resins, PA
(pol yam de) resins, PP (polypropylene) resins, PC

(pol ycarbonate) resins, nethyl nethacrylate resins,

pol yet hyl ene, and acryl, and pol yester resins. Exanples
of the reinforcing fiber include, but are not
particularly limted to, glass fiber, carbon fiber, and
aramd fiber. Exanples of the formof the reinforcing
fiber include, but are not particularly limted to,
filaments, tows, cloths, blades, chops, mlled fibers,
felt mats, papers, and prepregs. Specific exanples of
such a fiber reinforced conposite material include, but
are not particularly limted to, fiber reinforced
plastics (FRP) such as carbon fiber reinforced plastics
(CFRP), glass fiber reinforced plastics (GFRP), and
aramd fiber reinforced plastics (AFRP). Anong them a
carbon fiber reinforced plastic (CFRP) rel atively having
| arge tensile strength and tensile elastic force and
smal|l density is preferred. The fiber reinforced
conposite material may optionally contain an additiona
conponent such as an inorganic filler or an organic
filler.

[ 0083]
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When the workpiece material is a fiber reinforced
conposite material densely containing fiber, the anount
of the fiber cut is large. This tends to facilitate the
abrasion of the blade of a cutting tool. In the present
enbodi nent, use of the cut-assisting |ubricant can reduce
the abrasion of the blade of a cutting tool. In the case
of processing a fiber reinforced conposite material with
a nore worn cutting tool, the cutting tool cuts the fiber
rei nforced conposite material by pressing and cutting the
fiber. Therefore, delam nation occurs easily between
| ayers of prepregs. As aresult, there is the
di sadvantage that splintering occurs nore easily at a
portion of the exit to be initially penetrated by the
cutting tool, in the workpiece naterial. However, in the
present enbodi nent, use of the cut-assisting |ubricant
can further suppress splintering.

[ 0084]

When the fiber reinforced conposite material is a UD
material, the entry of the blade of a cutting tool at an
angle to bite and hollow out a carbon fiber bundle is
nore likely to cause fiber buckling in the inside wall of
a cut portion. In this respect, in the present
enbodi nent, use of the cut-assisting |lubricant suppresses
fi ber buckling and, furthernore, suppresses even a rise
in tenperature caused by the heat of friction. As a
result, the glass transition point (tenperature) or

softening point of the matrix resin becones difficult to
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reach. Thus, the firmy bundled state of carbon fiber
can be nmaintai ned, and fi ber buckling can be suppressed.
In this context, the "UD material" neans a fi ber

rei nforced conposite material obtained using a cloth

material of fibers aligned in only one direction.

Exanpl es
[ 0085]

Hereinafter, the present invention will be
specifically described with reference to Exanpl es and
Conpar ati ve Exanpl es. Exanpl es descri bed bel ow are given
nerely for illustrating one exanple of the present
enbodi nent. The present invention is not intended to be
limted by these exanpl es.

[ 0086]

Tabl e 1 shows specifications such as a workpi ece
material (cutting work material) used in each of Exanples
and Conparative Exanpl es, each conponent used in the
production of a cut-assisting lubricant, an adhesive
| ayer, a router bit used in the cutting work, a cutting
work i nstrunment, and an apparatus used in eval uation.

[ 0087]
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[ Tabl e 1]
Category Notatlon Name Trade Manufacturer Remarks
in table name/model
Workpiece CERP Carbon fiber reinforced i i Thickness: 2mm
material plastic plate )
Meisei
High A-1 Polyethylene oxide Alkox E-45 Chemical Mw = 5.6 x 10°
molecular Works, Ltd.
weight Meisei
compound (A) | A-2 Polyethylene oxide Alkox R-150 | Chemical Mw = 1.5 x 10°
Works, Ltd.
Medium
molecular B-1 Polyoxyethylene Nonion S-40 | NOF Corp Mw = 3.5 x 10°
weight monostearate ) )
compound (B)
. Flake shape,
C-1 Carbon (graphite) XD100 It%sraﬁzne average particle size
Carbon (C) B =250 um
Ito Graphite Flake shape,
C-2 Carbon (graphite) XD150 Co If)t d average particle size
v =150 um
Base material:
polyester film
One face: strongly
adhesive face,
. . acrylic pressure
Adlgezlrve - Double faced tape No.535A Nlttgot:enko sensitive adhesive
y P: Another face: weakly
adhesive face,
acrylic pressure
sensitive adhesive
Thickness: 0.12 mm
Direction of twist:
RCM ET UNION right handed helix
Router bit - Router bit 5 0x8 TOOL Diameter: 2.0 mm
' Blade length: 8 mm
Not diamond coated
Cutting work i Router processing TRT-MG Toukoh i
instrument instrument Corp.
[ 0088]

The average particle size (nedian size)

carbon (C) was determ ned as foll ows:

first,

was di spersed in a solution consisting of a

of the

t he car bon

hexamet aphosphoric acid solution and a few drops of

triton,

carbon particles were nmeasured using a | aser

and the respective maxi num | engt hs of projected

diffraction
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particle size distribution analyzer. Then, the

cumul ative distribution curve (nunber based) of particle
sizes was calculated. A particle dianeter that becane
50% hei ght in the cunul ative distribution curve (nunber
based) was used as the average particle size.

[ 0089]

The wei ght average nol ecul ar wei ghts of the high
nol ecul ar wei ght conpound (A) and the nedi um nol ecul ar
wei ght conpound (B) were calculated as relative average
nol ecul ar wei ghts by dissolving or dispersing each of the
hi gh nol ecul ar wei ght conpound (A) and the nedi um
nol ecul ar wei ght conmpound (B) in a 0.05%salt solution,
foll omed by measurenent by |iquid chromatography
i nvol ving GPC (gel perneation chromatography) col umms
wi th pol yet hyl ene glycol as standards. The colums used
were a total of five colums connected in series: one
guard columm TSK guardcol um PWH (product nane, 10 cm
manuf act ured by Tosoh Corp.), two anal ytical columms
TSKgel G3000PW ( product nanme, 30 cm manufactured by
Tosoh Corp.), and two anal ytical colums TSKgel GWW
(product nane, 30 cm nanufactured by Tosoh Corp.).

[ 0090]

[ Procedure of producing cut-assisting |ubricant
sheet ]

(Cut-assisting lubricant sheet a)

15 parts by mass of pol yethyl ene oxide (Al kox E-45

(trade nane) manufactured by Meisei Chem cal Wrks, Ltd.)
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corresponding to the high nol ecul ar wei ght conpound (A-1)
and 15 parts by nass of polyethylene oxide (A kox R-150
(trade nane) manufactured by Meisei Chem cal Wrks, Ltd.)
corresponding to the high nol ecul ar wei ght conmpound (A-2),
as the high nol ecul ar wei ght conpound (A), 35 parts by
mass of pol yet hyl ene oxi de nonostearate (Nonion S-40
(trade nane) nmanufactured by NOF Corp.) as the nedi um

nol ecul ar wei ght conpound (B), and 35 parts by mass of
graphite (XD100 (trade nane) nmanufactured by Ito Gaphite
Co., Ltd.) corresponding to the carbon (C-1) as the
carbon (C) were nolded at a tenperature of 140°C using a
single screw extruder to produce sheet o having a

thi ckness of 1.0 mm Subsequently, the strongly adhesive
face of double faced tape having a thickness of 0.12 mm
(No. 535A, manufactured by Nitto Denko Corp.) was affixed
to one side of this sheet a to produce sheet a as a cut-
assisting lubricant. Table 2 sumrarizes the cut-
assisting |ubricant.

[ 0091]

(Cut-assisting lubricant sheet b)

15 parts by mass of pol yethyl ene oxide (Al kox E-45
(trade nane) manufactured by Meisei Chem cal Wrks, Ltd.)
corresponding to the high nol ecul ar wei ght conpound (A-1)
and 15 parts by nass of polyethylene oxide (A kox R-150
(trade nane) manufactured by Meisei Chem cal Wrks, Ltd.)
corresponding to the high nol ecul ar wei ght conmpound (A-2),

as the high nol ecul ar wei ght conpound (A), 35 parts by



mass of pol yet hyl ene oxi de nonostearate (Nonion S-40
(trade nane) nmanufactured by NOF Corp.) as the nedi um

nol ecul ar wei ght conpound (B), and 35 parts by mass of
graphite (XD100 (trade nane) nmanufactured by Ito G aphite
Co., Ltd.) corresponding to the carbon (C- 1) as the
carbon (C) were nolded at a tenperature of 140°C using a
single screw extruder to produce sheet B having a

thi ckness of 2.0 mm Subsequently, the strongly adhesive
face of double faced tape having a thickness of 0.12 mm
(No. 535A, manufactured by Nitto Denko Corp.) was affixed
to one side of this sheet B to produce sheet b as a cut-
assisting lubricant. Table 2 sumarizes the cut-
assisting |ubricant.

[ 0092]

(Cut-assisting lubricant sheet c)

Fi ve sheets o each having a thickness of 1.0 mm as
descri bed above were | ayered, softened by heating on a
hot plate of 140°C, and pressed at a pressure of 50
kgf/nf for 5 ninutes, followed by cooling to produce a
sheet having a thickness of 5.0 nm Subsequently, the
strongly adhesive face of double faced tape having a
t hi ckness of 0.12 mm (No. 535A, manufactured by Nitto
Denko Corp.) was affixed to one side of this sheet to
produce sheet ¢ as a cut-assisting lubricant. Table 2
summari zes the cut-assisting |ubricant.

[ 0093]

(Cut-assisting lubricant sheet d)



Fi ve sheets B each having a thickness of 2.0 nm as
descri bed above were | ayered, softened by heating on a
hot plate of 140°C, and pressed at a pressure of 50
kgf/nf for 5 ninutes, followed by cooling to produce a
sheet having a thickness of 10 mm Subsequently, the
strongly adhesive face of double faced tape having a
t hi ckness of 0.12 mm (No. 535A, manufactured by Nitto
Denko Corp.) was affixed to one side of this sheet to
produce sheet d as a cut-assisting lubricant. Table 2
summari zes the cut-assisting |ubricant.

[ 0094]

(Cut-assisting lubricant sheet e)

20 parts by mass of pol yethyl ene oxide (Al kox E-45
(trade nane) nmanufactured by Meisei Chem cal Wrks, Ltd.)
corresponding to the high nol ecul ar wei ght conpound (A-1)
and 20 parts by nass of polyethylene oxide (A kox R-150
(trade nane) manufactured by Meisei Chem cal Wrks, Ltd.)
corresponding to the high nol ecul ar wei ght conmpound (A-2),
as the high nol ecul ar wei ght conpound (A), 25 parts by
mass of pol yet hyl ene oxi de nonostearate (Nonion S-40
(trade nane) nmanufactured by NOF Corp.) as the nedi um
nol ecul ar wei ght conpound (B), and 35 parts by mass of
graphite (XD100 (trade nane) nmanufactured by Ito G aphite
Co., Ltd.) corresponding to the carbon (C-1) as the
carbon (C) were nolded at a tenperature of 140°C using a
single screw extruder to produce sheet y having a

thi ckness of 0.5 mm Subsequently, the strongly adhesive
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face of double faced tape having a thickness of 0.12 mm
(No. 535A, manufactured by Nitto Denko Corp.) was affixed
to one side of this sheet y to produce sheet e as a cut-
assisting lubricant. Table 2 sumarizes the cut-
assisting |ubricant.

[ 0095]

(Cut-assisting lubricant sheet f)

20 parts by mass of pol yethyl ene oxide (Al kox E-45
(trade nane) nmanufactured by Meisei Chem cal Wrks, Ltd.)
corresponding to the high nol ecul ar wei ght conpound (A-1)
and 20 parts by nass of polyethylene oxide (A kox R-150
(trade nane) nmanufactured by Meisei Chem cal Wrks, Ltd.)
corresponding to the high nol ecul ar wei ght conmpound (A-2),
as the high nol ecul ar wei ght conpound (A), 25 parts by
mass of pol yet hyl ene oxi de nonostearate (Nonion S-40
(trade nane) nmanufactured by NOF Corp.) as the nedi um
nol ecul ar wei ght conpound (B), and 35 parts by mass of
graphite (XD100 (trade nane) manufactured by Ito G aphite
Co., Ltd.) corresponding to the carbon (C-1) as the
carbon (C) were nolded at a tenperature of 140°C using a
single screw extruder to produce sheet & having a
thi ckness of 1.0 mm Subsequently, the strongly adhesive
face of double faced tape having a thickness of 0.12 mm
(No. 535A, manufactured by Nitto Denko Corp.) was affixed
to one side of this sheet 6 to produce sheet f as a cut-
assisting lubricant. Table 2 sumarizes the cut-

assisting |ubricant.
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(Cut-assisting lubricant sheet Q)

Ten sheets 6 each having a thickness of 1.0 nmm as
descri bed above were | ayered, softened by heating on a
hot plate of 140°C, and pressed at a pressure of 50
kgf/nf for 5 mnutes, followed by cooling to produce a
sheet having a thickness of 10.0 mm Subsequently, the
strongly adhesive face of double faced tape having a
t hi ckness of 0.12 mm (No. 535A, manufactured by Nitto
Denko Corp.) was affixed to one side of this sheet to
produce sheet g as a cut-assisting lubricant. Table 2
summari zes the cut-assisting |ubricant.

[ 0097]

(Cut-assisting lubricant sheet h)

15 parts by mass of pol yethyl ene oxide (Al kox E-45
(trade nane) nmanufactured by Meisei Chem cal Wrks, Ltd.)
corresponding to the high nol ecul ar wei ght conpound (A-1)
and 15 parts by nass of polyethyl ene oxide (A kox R-150
(trade nane) nmanufactured by Meisei Chem cal Wrks, Ltd.)
corresponding to the high nol ecul ar wei ght conmpound (A-2),
as the high nol ecul ar wei ght conpound (A), 35 parts by
mass of pol yet hyl ene oxi de nonostearate (Nonion S-40
(trade nane) nmanufactured by NOF Corp.) as the nedi um
nol ecul ar wei ght conmpound (B), and 35 parts by mass of
graphite (XD150 (trade nane) manufactured by Ito G aphite
Co., Ltd.) corresponding to the carbon (C-2) as the

carbon (C) were nolded at a tenperature of 140°C using a



single screw extruder to produce sheet ¢ having a

t hi ckness of 1.0 nm Subsequently, the strongly adhesive
face of double faced tape having a thickness of 0.12 mm
(No. 535A, manufactured by Nitto Denko Corp.) was affixed
to one side of this sheet ¢ to produce sheet h as a cut-
assisting lubricant. Table 2 sumrarizes the cut-

assi sting lubricant.

[ 0098]

(Cut-assisting lubricant sheet i)

15 parts by mass of pol yethyl ene oxide (Al kox E-45
(trade nane) nmanufactured by Meisei Chem cal Wrks, Ltd.)
corresponding to the high nol ecul ar wei ght conpound (A-1)
and 5 parts by mass of pol yet hyl ene oxide (Al kox R-150
(trade nane) nmanufactured by Meisei Chem cal Wrks, Ltd.)
corresponding to the high nol ecul ar wei ght conmpound (A-2),
as the high nol ecul ar wei ght conpound (A), 75 parts by
mass of pol yet hyl ene oxi de nonostearate (Nonion S-40
(trade nane) manufactured by NOF Corp.) as the nedi um
nol ecul ar wei ght conmpound (B), and 5 parts by nmass of
graphite (XD100 (trade nane) manufactured by Ito Gaphite
Co., Ltd.) corresponding to the carbon (C-1) as the
carbon (C) were nolded at a tenperature of 140°C using a
singl e screw extruder to produce sheet { having a
thi ckness of 1.0 nm Subsequently, the strongly adhesive
face of double faced tape having a thickness of 0.12 mm
(No. 535A, manufactured by Nitto Denko Corp.) was affixed

to one side of this sheet { to produce sheet i as a cut-
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assisting lubricant. Table 2 sumrarizes the cut-
assi sting lubricant.
[ 0099]

(Cut-assisting lubricant sheet j)

5 parts by mass of pol yethyl ene oxide (Al kox E-45
(trade nane) manufactured by Meisei Chem cal Wrks, Ltd.)
corresponding to the high nol ecul ar wei ght conpound (A-1)
and 55 parts by nmass of polyethyl ene oxide (A kox R-150
(trade nane) nmanufactured by Meisei Chem cal Wrks, Ltd.)
corresponding to the high nol ecul ar wei ght conmpound (A-2),
as the high nol ecul ar wei ght conpound (A), 35 parts by
mass of pol yet hyl ene oxi de nonostearate (Nonion S-40
(trade nane) manufactured by NOF Corp.) as the nedi um
nol ecul ar wei ght conpound (B), and 5 parts by nass of
graphite (XD100 (trade nane) manufactured by Ito G aphite
Co., Ltd.) corresponding to the carbon (C-1) as the
carbon (C) were nolded at a tenperature of 140°C using a
single screw extruder to produce sheet n having a
thi ckness of 1.0 nm Subsequently, the strongly adhesive
face of double faced tape having a thickness of 0.12 mm
(No. 535A, manufactured by Nitto Denko Corp.) was affixed
to one side of this sheet n to produce sheet j as a cut-
assisting lubricant. Table 2 sumarizes the cut-
assi sting lubricant.

[ 0100]

(Cut-assisting lubricant sheet k)



15 parts by mass of pol yethyl ene oxide (Al kox E-45
(trade nane) nmanufactured by Meisei Chem cal Wrks, Ltd.)
corresponding to the high nol ecul ar wei ght conpound (A-1)
and 5 parts by mass of pol yethyl ene oxide (Al kox R-150
(trade nane) manufactured by Meisei Chem cal Wrks, Ltd.)
corresponding to the high nol ecul ar wei ght conmpound (A-2),
as the high nol ecul ar wei ght conpound (A), 10 parts by
mass of pol yet hyl ene oxi de nonostearate (Nonion S-40
(trade nane) nmanufactured by NOF Corp.) as the nedi um
nol ecul ar wei ght conpound (B), and 70 parts by mass of
graphite (XD100 (trade nane) nmanufactured by Ito Gaphite
Co., Ltd.) corresponding to the carbon (C-1) as the
carbon (C) were nolded at a tenperature of 140°C using a
single screw extruder to produce sheet 1 having a
thi ckness of 1.0 mm Subsequently, the strongly adhesive
face of double faced tape having a thickness of 0.12 mm
(No. 535A, manufactured by Nitto Denko Corp.) was affixed
to one side of this sheet 1 to produce sheet k as a cut-
assisting lubricant. Table 2 sumarizes the cut-
assisting |ubricant.

[ 0101]
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[ Tabl e 2]
Composition
High molecular Medium
C,Ut,' weight compound | molecular Carbon (C) Thickness .
assisting A) iaht Adhesive
lubricant welg layer
compound Average
(sheet) A-1 A-2 c-1 c-2 AR
(B) particle size
part by | part by part by mass part by | part by um mm
mass | mass mass | mass
a 15 15 35 35 0 250 1.0 Present
b 15 15 35 35 0 250 2.0 Present
c 15 15 35 35 0 250 5.0 Present
d 15 15 35 35 0 250 10.0 Present
e 20 20 25 35 0 250 0.5 Present
f 20 20 25 35 0 250 1.0 Present
g 20 20 25 35 0 250 10.0 Present
h 15 15 35 0 35 150 1.0 Present
i 15 5 75 5 0 250 1.0 Present
j 5 55 35 5 0 250 1.0 Present
k 15 5 10 70 0 250 1.0 Present
[0102]
[ Exanpl e 1]
In Exanple 1, a sanple obtained by cutting off the

produced cut-assisting lubricant sheet a into a size of

20 mm x 20 mmwas affixed to a portion to have a starting

point for formng a through-groove by cutting work and to

serve as the entrance (entrance portion) of the cutting

tool router b

wor kpi ece materi al

i nstrument using a jig.

it, in the workpiece materi al

was fixed to the router

Thi s

processi ng

The cutting work with the router
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bit was perfornmed using CFRP having a thickness of 2 mm
as the workpi ece material under conditions involving a
router bit diameter of 2 mmand a cutting distance of
2000 nm per router bit in the through-groove formation
step. A linear through-groove having a wwdth of 2 nm and
a length of 2000 mm was formed through the through-hole
formati on step and the through-groove formation step. 1In
the cutting work, the cutting distance of the router bit
was 10 mmin the portion where the cut-assisting

| ubricant sheet a affixed to the starting point of the

t hrough- groove was placed. O her processing conditions
are shown in Table 3. Results of evaluating splintering
i n the nei ghborhood of the through-groove on a side where
the tip of the router bit protruded (exit side) in the
wor kpi ece material are shown in Table 4.

[ 0103]

[ Exanpl e 2]

I n Exanple 2, the produced cut-assisting |ubricant
sheet b was affixed to the whol e surface of a region
where a through-groove was to be formed by cutting work
and which included a portion to serve as the entrance
(entrance portion) of the cutting tool router bit, in the
wor kpi ece material. This workpiece material was fixed to
the router processing instrunent using a jig. The
cutting work with the router bit was perforned using CFRP
having a thickness of 2 nmas the workpiece nateri al

under conditions involving a router bit dianmeter of 2 mMm
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and a cutting di stance of 2000 mm per router bit in the

t hrough- groove formation step. A |inear through-groove
having a wwdth of 2 nmand a | ength of 2000 nm was f or ned
t hrough the through-hole formation step and the through-
groove formation step. O her processing conditions are
shown in Table 3. Results of evaluating splintering in

t he nei ghborhood of the through-groove on a side where
the tip of the router bit protruded (exit side) in the
wor kpi ece nmaterial are shown in Table 4.

[0104]

[ Exanpl e 3]

In Exanple 3, a sanple obtained by cutting off the
produced cut-assisting lubricant sheet ¢ into a size of
20 mm x 20 mmwas affixed to a portion to have a starting
point for formng a through-groove by cutting work and to
serve as the entrance (entrance portion) of the cutting
tool router bit, in the workpiece material. This
wor kpi ece material was fixed to the router processing
instrument using a jig. The cutting work with the router
bit was performed using CFRP having a thickness of 2 mm
as the workpi ece material under conditions involving a
router bit diameter of 2 mmand a cutting distance of
2000 nm per router bit in the through-groove formation
step. A linear through-groove having a width of 2 nm and
a length of 2000 mm was formed through the through-hole
formati on step and the through-groove formation step. 1In

the cutting work, the cutting distance of the router bit
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was 10 mmin the portion where the cut-assisting

| ubri cant sheet a affixed to the starting point of the

t hr ough- groove was placed. O her processing conditions
are shown in Table 3. Results of evaluating splintering

i n the nei ghborhood of the through-groove on a side where
the tip of the router bit protruded (exit side) in the
wor kpi ece nmaterial are shown in Table 4.

[ 0105]

[ Exanpl e 4]

In Exanple 4, a sanple obtained by cutting off the
produced cut-assisting lubricant sheet d into a size of
20 mm x 20 mmwas affixed to a portion to have a starting
point for formng a through-groove by cutting work and to
serve as the entrance (entrance portion) of the cutting
tool router bit, in the workpiece material. This
wor kpi ece nmaterial was fixed to the router processing
instrunment using a jig. The cutting work with the router
bit was perfornmed using CFRP having a thickness of 2 mm
as the workpiece material under conditions involving a
router bit diameter of 2 mmand a cutting distance of
2000 nm per router bit in the through-groove formation
step. A linear through-groove having a wwdth of 2 nm and
a length of 2000 mm was forned through the through-hole
formati on step and the through-groove formation step. In
the cutting work, the cutting distance of the router bit
was 10 mmin the portion where the cut-assisting

| ubricant sheet a affixed to the starting point of the
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t hr ough- groove was placed. O her processing conditions
are shown in Table 3. Results of evaluating splintering

i n the nei ghborhood of the through-groove on a side where
the tip of the router bit protruded (exit side) in the
wor kpi ece material are shown in Table 4.

[0106]

[ Exanpl e 5]

In Exanple 5, the produced cut-assisting | ubricant
sheet e was affixed to the whol e surface of a region
where a through-groove was to be formed by cutting work
and which included a portion to serve as the entrance
(entrance portion) of the cutting tool router bit, in the
wor kpi ece material. This workpiece material was fixed to
the router processing instrunent using a jig. The
cutting work with the router bit was perforned using CFRP
having a thickness of 2 nmas the workpi ece nateri al
under conditions involving a router bit dianmeter of 2 mMm
and a cutting di stance of 2000 mm per router bit in the
t hrough-groove formation step. A |inear through-groove
having a wwdth of 2 nmand a | ength of 2000 nm was f or ned
t hrough the through-hole formation step and the through-
groove formation step. Oher processing conditions are
shown in Table 3. Results of evaluating splintering in
t he nei ghborhood of the through-groove on a side where
the tip of the router bit protruded (exit side) in the
wor kpi ece nmaterial are shown in Table 4.

[0107]



[ Exanpl e 6]

I n Exanple 6, the produced cut-assisting | ubricant
sheet f was affixed to the whole surface of a region
where a t hrough-groove was to be fornmed by cutting work
and which included a portion to serve as the entrance
(entrance portion) of the cutting tool router bit, in the
wor kpi ece material. This workpiece material was fixed to
the router processing instrunment using a jig. The
cutting work with the router bit was perfornmed using CFRP
having a thickness of 2 mmas the workpi ece materi a
under conditions involving a router bit diameter of 2 mm
and a cutting distance of 2000 mm per router bit in the
t hr ough-groove formation step. A linear through-groove
having a wwdth of 2 nmand a | ength of 2000 nm was f or ned
t hrough the through-hole formation step and the through-
groove formation step. Oher processing conditions are
shown in Table 3. Results of evaluating splintering in
t he nei ghbor hood of the through-groove on a side where
the tip of the router bit protruded (exit side) in the
wor kpi ece material are shown in Table 4.

[ 0108]

[ Exanmpl e 7]

In Exanple 7, the produced cut-assisting |ubricant
sheet g was affixed to the whol e surface of a region
where a through-groove was to be formed by cutting work
and which included a portion to serve as the entrance

(entrance portion) of the cutting tool router bit, in the
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wor kpi ece material. This workpiece material was fixed to
the router processing instrunent using a jig. The
cutting work with the router bit was perforned using CFRP
having a thickness of 2 nmas the workpi ece nateri al

under conditions involving a router bit dianmeter of 2 mMm
and a cutting di stance of 2000 mm per router bit in the

t hrough-groove formation step. A |inear through-groove
having a wwdth of 2 nmand a | ength of 2000 nm was f or ned
t hrough the through-hole formation step and the through-
groove formation step. Oher processing conditions are
shown in Table 3. Results of evaluating splintering in

t he nei ghborhood of the through-groove on a side where
the tip of the router bit protruded (exit side) in the
wor kpi ece nmaterial are shown in Table 4.

[0109]

[ Exanpl e 8]

In Exanple 8, a plurality of sanples obtained by
cutting off the produced cut-assisting |ubricant sheet d
into a size of 20 nm x 20 mmwere affixed to a portion to
have a starting point for form ng a through-groove by
cutting work and to serve as the entrance (entrance
portion) of the cutting tool router bit, and a region
where a t hrough-groove was to be formed by cutting work
and which included the portion to serve as the entrance
(entrance portion) of the cutting tool router bit, in the
wor kpi ece material such that the distance interva

bet ween sanpl e-affi xed portions was every 500 mmfromthe
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starting point. This workpiece material was fixed to the
router processing instrunent using a jig. The cutting
work with the router bit was perfornmed using CFRP havi ng
a thickness of 2 mmas the workpi ece material under
conditions involving a router bit dianmeter of 2 nmand a
cutting distance of 2000 nm per router bit in the

t hrough-groove formation step. A |inear through-groove
having a wwdth of 2 nmand a | ength of 2000 nm was f or ned
t hrough the through-hole formation step and the through-
groove formation step. In the cutting work, the cutting
di stance of the router bit was 10 mmin the portion where
the cut-assisting lubricant sheet a affixed to the
starting point of the through-groove was placed. O her
processi ng conditions are shown in Table 3. Results of
eval uating splintering in the nei ghborhood of the

t hrough- groove on a side where the tip of the router bit
protruded (exit side) in the workpiece nmaterial are shown
in Table 4.

[0110]

[ Exanpl e 9]

In Exanple 9, a plurality of sanples obtained by
cutting off the produced cut-assisting |ubricant sheet d
into a size of 20 nm x 20 mmwere affixed to a portion to
have a starting point for form ng a through-groove by
cutting work and to serve as the entrance (entrance
portion) of the cutting tool router bit, and a region

where a through-groove was to be formed by cutting work
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and which included the portion to serve as the entrance
(entrance portion) of the cutting tool router bit, in the
wor kpi ece material such that the distance interva
bet ween sanpl e-affi xed portions was every 1000 mm from
the starting point. This workpiece material was fixed to
the router processing instrunment using a jig. The
cutting work with the router bit was perfornmed using CFRP
having a thickness of 2 mmas the workpi ece materi a
under conditions involving a router bit diameter of 2 mm
and a cutting di stance of 2000 mm per router bit in the
t hrough-groove formation step. A |inear through-groove
having a wwdth of 2 nmand a | ength of 2000 nm was f or ned
t hrough the through-hole formation step and the through-
groove formation step. In the cutting work, the cutting
di stance of the router bit was 10 nmin the portion where
the cut-assisting lubricant sheet a affixed to the
starting point of the through-groove was placed. O her
processing conditions are shown in Table 3. Results of
eval uating splintering in the nei ghborhood of the
t hrough- groove on a side where the tip of the router bit
protruded (exit side) in the workpiece material are shown
in Table 4.
[0111]

[ Exanpl e 10]

I n Exanple 10, the produced cut-assisting |ubricant
sheet h was affixed to the whol e surface of a region

where a through-groove was to be formed by cutting work
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and which included a portion to serve as the entrance
(entrance portion) of the cutting tool router bit, in the
wor kpi ece material. This workpiece material was fixed to
the router processing instrunent using a jig. The
cutting work with the router bit was perforned using CFRP
having a thickness of 2 mmas the workpi ece materia

under conditions involving a router bit diameter of 2 mm
and a cutting di stance of 2000 mm per router bit in the

t hrough-groove formation step. A |inear through-groove
having a wwdth of 2 nmand a | ength of 2000 nm was f or ned
t hrough the through-hole formation step and the through-
groove formation step. Oher processing conditions are
shown in Table 3. Results of evaluating splintering in

t he nei ghborhood of the through-groove on a side where
the tip of the router bit protruded (exit side) in the
wor kpi ece nmaterial are shown in Table 4.

[0112]

[ Exanpl e 11]

I n Exanple 11, the produced cut-assisting |ubricant
sheet i was affixed to the whole surface of a region
where a t hrough-groove was to be fornmed by cutting work
and which included a portion to serve as the entrance
(entrance portion) of the cutting tool router bit, in the
wor kpi ece material. This workpiece material was fixed to
the router processing instrunment using a jig. The
cutting work with the router bit was perfornmed using CFRP

having a thickness of 2 mmas the workpi ece materi a
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under conditions involving a router bit dianmeter of 2 mMm
and a cutting distance of 2000 mm per router bit in the
t hr ough-groove formation step. A linear through-groove
having a wwdth of 2 nmand a | ength of 2000 nm was f or ned
t hrough the through-hole formation step and the through-
groove formation step. O her processing conditions are
shown in Table 3. Results of evaluating splintering in

t he nei ghbor hood of the through-groove on a side where
the tip of the router bit protruded (exit side) in the
wor kpi ece material are shown in Table 4.

[0113]

[ Exanpl e 12]

I n Exanple 12, the produced cut-assisting |ubricant
sheet j was affixed to the whole surface of a region
where a through-groove was to be formed by cutting work
and which included a portion to serve as the entrance
(entrance portion) of the cutting tool router bit, in the
wor kpi ece material. This workpiece material was fixed to
the router processing instrunent using a jig. The
cutting work with the router bit was perforned using CFRP
having a thickness of 2 nmas the workpiece nateri al
under conditions involving a router bit dianmeter of 2 mMm
and a cutting distance of 2000 mm per router bit in the
t hrough-groove formation step. A |inear through-groove
having a wwdth of 2 nmand a | ength of 2000 nm was f or ned
t hrough the through-hole formation step and the through-

groove formation step. Oher processing conditions are



- 89 -

shown in Table 3. Results of evaluating splintering in
t he nei ghborhood of the through-groove on a side where
the tip of the router bit protruded (exit side) in the
wor kpi ece naterial are shown in Table 4.

[0114]

[ Exanpl e 13]

I n Exanple 13, the produced cut-assisting |ubricant
sheet k was affixed to the whole surface of a region
where a t hrough-groove was to be formed by cutting work
and which included a portion to serve as the entrance
(entrance portion) of the cutting tool router bit, in the
wor kpi ece material. This workpiece material was fixed to
the router processing instrunment using a jig. The
cutting work with the router bit was perfornmed using CFRP
having a thickness of 2 mmas the workpi ece materia
under conditions involving a router bit diameter of 2 mm
and a cutting distance of 2000 mm per router bit in the
t hr ough-groove formation step. A linear through-groove
having a wwdth of 2 nmand a | ength of 2000 nm was f or ned
t hrough the through-hole formation step and the through-
groove formation step. Oher processing conditions are
shown in Table 3. Results of evaluating splintering in
t he nei ghborhood of the through-groove on a side where
the tip of the router bit protruded (exit side) in the
wor kpi ece material are shown in Table 4.

[ 0115]
[ Conpar ati ve Exanple 1]
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Cutting work was perfornmed in the sane way as in
Exanpl e 1 except that the cut-assisting |ubricant was not
used and the workpi ece material alone was fixed to the
router processing instrunent using a jig. Results of
eval uating splintering in the nei ghborhood of the
t hrough-groove on a side where the tip of the router bit
protruded (exit side) in the workpiece material are shown
i n Table 4.

[0116]

[ Eval uation: splintering]

I n Exanpl es and Conparati ve Exanpl es, the nunber of
sites where splintering occurred in the nei ghborhood of
the through-groove on the exit side of the router bit was
visually counted per 200 mm of the cutting di stance using
a x10 | oupe (Il oupe having a magnification of 10 tines).
Criteria for the evaluation of splintering are as
descri bed bel ow.

(Evaluation criteria)

Splintering: phenonenon in which a part of fiber
constituting a fiber reinforced conposite materia

remai ns as burrs around processed portions w thout being

cut off.
[0117]
[ Tabl e 3]
Workpiece material Router processing conditions
Type and placement of cut- The Cutting
assisting lubricant Router bit | number | Moving distance
Thickness di f d
Materia/ iameter of spee
configuration rotations
Type Place mm mmao rpm  [mm/min| mm




Example 1

Tool entrance portion
/starting point of cut
portion

CFRP

12000

200

2000

Example 2

Tool entrance portion
/whole surface of cut
portion

CFRP

12000

200

2000

Example 3

Tool entrance portion
/starting point of cut
portion

CFRP

12000

200

2000

Example 4

Tool entrance portion
[starting point of cut
portion

CFRP

12000

200

2000

Example 5

Tool entrance portion
/whole surface of cut
portion

CFRP

12000

200

2000

Example 6

Tool entrance portion
/whole surface of cut
portion

CFRP

12000

200

2000

Example 7

Tool entrance portion
/whole surface of cut
portion

CFRP

12000

200

2000

Example 8

Tool entrance portion
[starting point of cut
portion and every 500
mm

CFRP

12000

200

2000

Example 9

Tool entrance portion
[starting point of cut
portion and every 1000
mm

CFRP

12000

200

2000

Example 10

Tool entrance portion
/whole surface of cut
portion

CFRP

12000

200

2000

Example 11

Tool entrance portion
/whole surface of cut
portion

CFRP

12000

200

2000

Example 12

Tool entrance portion
/whole surface of cut
portion

CFRP

12000

200

2000

Example 13

Tool entrance portion
/whole surface of cut
portion

CFRP

12000

200

2000

Comparative
Example 1

None

CFRP

12000

200

2000

[0118]
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[0119]

[ Exanpl e 14]

I n Exanple 14, the produced cut-assisting |ubricant
sheet ¢ was cut off into a size of 20 mmx 20 nmm and
this cut piece was affixed to a portion to have a
starting point for formng a through-groove by cutting
work and to serve as the entrance (entrance portion) of
the cutting tool router bit, in the workpiece material.
Thi s workpi ece material was fixed to the router
processing instrunment using a jig. The cutting work with
the router bit was performed using CFRP having a
t hi ckness of 2 nmas the workpi ece material under
conditions involving a router bit dianmeter of 2 nmand a
cutting distance of 2000 nm per router bit in the
t hr ough-groove formation step. A linear through-groove
having a wwdth of 2 nmand a | ength of 2000 nm was f or ned
t hrough the through-hole formation step and the through-
groove formation step. In the cutting work, the cutting
di stance of the router bit was 10 mmin the portion where
the cut-assisting lubricant sheet ¢ affixed to the
starting point of the through-groove was placed. O her
processing conditions are shown in Table 5. Results of
eval uating a through-groove width in each cutting
di stance are shown in Table 6.

[ 0120]
[ Exanpl e 15]
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I n Exanple 15, cutting work was perforned in the
same way as in Exanple 14 except that the cut-assisting
| ubri cant sheet d was used instead of the cut-assisting
| ubri cant sheet c¢c. Results of evaluating a through-
groove width in each cutting distance are shown in Table
6.

[0121]

[ Conpar ati ve Exanpl e 2]

I n Conparative Exanple 2, cutting work was perforned
in the sane way as in Exanple 3 except that the cut-
assisting lubricant sheet was not used and the workpi ece
mat eri al al one was fixed to the router processing
instrument using a jig. Results of evaluating a through-
groove width in each cutting distance are shown in Table
6.

[0122]

[ Eval uati on: groove w dth narrow ng]

I n Exanpl es and Conparative Exanples, the through-
groove widths at the router bit entrance portion in the
cutting distances of 10 mm 260 nmm 510 nm 760 mm 1010
mm 1260 mm 1510 nmm 1760 mm and 1990 nm wer e measured
using a three-di nensi onal shape measuring machi ne.
Criteria for the evaluation of groove width narrowi ng are
as descri bed bel ow.

(Evaluation criteria)

G oove width narrowi ng: the "groove w dth narrow ng"

was defined as a state where the through-groove w dth



becanme equal to or smaller than 1940 um corresponding to
97% of the router bit dianeter 2.0 mm and eval uated on
the basis of a cutting distance at which the "groove

wi dt h narrow ng" occurred.

[0123]
[ Tabl e 5]
Workpiece material Router processing
conditions
Type and Cuttin
lacement of The Uting
p Router d
_ isti . . number . Istanc
cut-assisting Thicknes bit Moving e
lubricant : ' : di of d
Materia/configuratio s lamete | | ton | SP€€
n r s
Type | Place mm mmo rpm mrrl11/m| mm
Tool
entranc
e
Example 14 | ¢ /por“.o” CFRP 2 2 12000 | 200 | 2000
starting
point of
cut
portion
Tool
entranc
e
Example 15 | d /port'.on CFRP 2 2 12000 | 200 | 2000
starting
point of
cut
portion
Comparativ | Non ; CFRP 2 2 12000 | 200 | 2000
e Example2| e

[ 0124]



[ Tabl e 6]
Type and placement of cut- . ) .
assisting lubricant Cutting distance until occurrence of
groove width narrowing
[mm]
Type Place
Tool entrance
portion )
Example 14 ¢ /starting point of cut 760-1010
portion
Tool entrance
portion i
Example 15 d /starting point of cut 760-1010
portion
Cs)gﬁ?;fg';e None - less than 10
[ 0125]

The present application is based on Japanese Patent
Application No. 2015-230819 filed in the Japan Patent
O fice on Novenber 26, 2015, the contents of which are
I ncorporated herein by reference. Also, the present
application is based on Japanese Patent Application No.
2016- 118726 filed in the Japan Patent O fice on June 15,
2016, the contents of which are incorporated herein by

r ef er ence.

I ndustrial Applicability
[ 0126]

In the cutting work of a workpiece material,
particularly, a difficult-to-cut nmaterial, the cut-
assisting lubricant of the present invention inproves the
processing quality thereof and reduces processing cost,

and therefore has industrial applicability.



Ref erence Si gns Li st
[0127]
1 ... Cut-assisting lubricant, 2 ... Wrkpiece

material, and 3 ... Cutting tool.



Claims

[Claim 1]

A cutting method comprising a cutting step of
cutting a workpiece material with a cutting tool to
thereby form a through-groove in the workpiece material,
wherein

in the cutting step, the through-groove is formed in
the workpiece material by cutting the workpiece material
with the cutting tool while contacting a cut-assisting
lubricant with a contact portion of the cutting tool with
the workpiece material, a contact portion of the
workpiece material with the cutting tool, or a contact
portion of the cutting tool with the workpiece material
and a contact portion of the workpiece material with the
cutting tool, and

the workpiece material comprises a fiber reinforced
composite material, and wherein

the cut-assisting lubricant contains/

a high molecular weight compound (A) having a weight
average molecular weight of 5.0 x 10* or higher and 1.0 x
10°% or lower,

a medium molecular weight compound (B) having a
weight average molecular weight of 1.0 x 10° or higher
and lower than 5.0 x 10*% and

a carbon (C) having an average particle size of 100

pm or larger.



[Claim 2]

The cutting method according to claim 1, wherein the
cutting step comprises the steps of: cutting the
workpiece material with the cutting tool to thereby form
a through-hole in the workpiece material; and forming the
through-groove in the workpiece material by cutting the
workpiece material while moving the cutting tool inserted
in the through-hole in a direction orthogonal or
substantially orthogonal to the penetration direction of

the through-hole.

[Claim 3]

The cutting method according to claim 1 or 2,
wherein the cutting method comprises a close contact step
of closely contacting in advance the cut-assisting
lubricant with a portion to serve as a starting point for

forming the through-groove.

[Claim 4]

The cutting method according to claim 1 or 2,
wherein the cutting method comprises a close contact step
of closely contacting in advance the cut-assisting
lubricant with the whole surface of a region where the

through-groove is to be formed.
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[Claim 5]
The cutting method according to claim 1 or 2,

wherein the cutting tool is a router bit.

[Claim 6]
The cutting method according to claim 1, wherein

the shape of the carbon (C) is a flake shape.

[Claim 7]

The cutting method according to claim 1, wherein

the high molecular weight compound (A) comprises a
thermoplastic resin having a weight average molecular
weight of 5.0 x 10* or higher and 1.0 x 10® or lower, and

the medium molecular weight compound (B) comprises a

thermoplastic resin having a weight average molecular

weight of 1.0 x 10° or higher and 2.0 x 10* or lower.

[Claim 8]

The cutting method according to claim 1, wherein

the high molecular weight compound (A) comprises a
water soluble thermoplastic resin, a non-water soluble
thermoplastic resin, or a water soluble thermoplastic
resin and a non-water soluble thermoplastic resin,
wherein

the water soluble thermoplastic resin is one or more
resins selected from the group consisting of a

polyalkylene oxide compound, a polyalkylene glycol
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compound, an ester compound of polyalkylene glycol, an
ether compound of polyalkylene glycol, a monostearate
compound of polyalkylene glycol, a water soluble urethane,
a water soluble polyether resin, a water soluble
polyester, sodium poly(meth)acrylate, polyacrylamide,
polyvinylpyrrolidone, polyvinyl alcohol, saccharides, and
modified polyamide, and

the non-water soluble thermoplastic resin is one or
more resins selected from the group consisting of a
urethane polymer, an acrylic polymer, a vinyl acetate
polymer, a vinyl chloride polymer, a polyester polymer, a

polystyrene resin, and a copolymer thereof.

[Claim 9]
The cutting method according to claim 1, wherein
the medium molecular weight compound (B) is one or
more compounds selected from the group consisting of a
polyalkylene glycol compound, a monoether compound of
polyalkylene oxide, a monostearate compound of

polyalkylene oxide, and a polyalkylene oxide compound.

[Claim 10]
The cutting method according to claim 1, wherein
in the cut-assisting lubricant,
the content of the high molecular weight compound
(A) is 20 to 60 parts by mass with respect to 100 parts

by mass in total of the high molecular weight compound
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(A), the medium molecular weight compound (B), and the
carbon (C),

the content of the medium molecular weight compound
(B) is 10 to 75 parts by mass with respect to 100 parts
by mass in total of the high molecular weight compound
(A), the medium molecular weight compound (B), and the
carbon (C), and

the content of the carbon (C) is 5 to 70 parts by
mass with respect to 100 parts by mass in total of the
high molecular weight compound (A), the medium molecular

weight compound (B), and the carbon (C).

[Claim 11]

The cutting method according to claim 1 or 2,
wherein

the cut-assisting lubricant is in the form of a

sheet having a thickness of 0.1 mm or larger.

[Claim 12]

The cutting method according to claim 1 or 2,
wherein

when the cut-assisting lubricant is removed from the
workpiece material after the cutting work, the amount of
a component of the cut-assisting lubricant attached to
the workpiece material is 1.0 x 10® g or smaller per mm?

of the areas of the contact portion between the workpiece
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material and the cut-assisting lubricant, and the

processed portion.

[Claim 13]

The cutting method according to claim 1 or 2,
wherein

the cut-assisting lubricant has an adhesive layer on

a face to be contacted with the workpiece material.

[Claim 14]
The cutting method according to claim 13, wherein

the adhesive layer comprises an acrylic polymer.

[Claim 15]

The cutting method according to claim 13, wherein

when the cut-assisting lubricant is removed from the
workpiece material after the cutting work, the amount of
a component of the cut-assisting lubricant or the
adhesive layer attached to the workpiece material, or a
component of the cut-assisting lubricant and the adhesive
layer attached to the workpiece material is 1.0 x 1078 g
or smaller per mm? of the areas of the contact portion
between the workpiece material and the cut-assisting

lubricant, and the processed portion.
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[Claim 16]
The cutting method according to claim 1 or 2,

wherein

the fiber reinforced composite material is a carbon

fiber reinforced plastic.



