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The heat treating conditions were discussedin thisinvestigation as

concerned to the hardening the smallmass of O･6%C steel,SuCh as needle-block

of a carding machine(a sort of spinning machine)･The three points bending

test were carried out to exa皿ine the toughness of heat treated specimen･Results

are su皿arized as;l)The hardness of above 800VHNis obtained by quenching

fromコuSt above A3tranSforming temperature′ When the h01ding timeis60sec･

The higher temperatureis required
as the h01ding timeis reduced･2)The

toughnessis decreased withraisingthe quenching temperature and prolonglng the

h01ding time due to the growth of austenite grain･

l.工ntroduction

As the raw fibers for YarnS are SuPPliedin an entangled fashion,they must

be straigh七ened and sm00thenedin a para11elfashion before they are spuninto

YarnS･This proces$is ca11ed the carding･Fig･lshows the outline of the

carding machine･The fibers are caught on the needles arranged around the

rotating cYlinder(and disentangled and straightened･1n the conventional

machines,a flexible band with needles calledl-meta11ic wire.Tis wound splrallY

around the cYlinder(Fig･2(a))･The metallic wireis about5kminlength･and

therforelitis generally difficult to windit･RecentlY,a neW tyPe Of metallic

wire.which has ten row of needlesis

developped as shownin Fig･2(b)･In this

investigationlthe heat treating conditions

On a Smallmass specimen of O.6%C steel

were discussed in order t0 0btain some

fundamentaldata to heat treating the

new meta11ic wire.
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Fig･10utline of the carding machine
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(a)co工1∇entionaltype(】f

metallic vlre

･∴∴●…†､阜tb〉nev type of metallic vlre

F19･2 工11ustrations of two types of

needle-blocks(metalllc vlre)

2･Experlmentalprocedures

2･1机aterlaland beat trea七山9

COndltlons

O.6篭 Carbon Bteelwire rod

Cく)rreSpOnding toJ工S SWRH 62A

WaS nSed a≦】a materlalfor tlle

netalllc wire of cardln9maChlne.

The materialwas rolledinto the

Strip of wavelike cro$S SeCtion

as sbownin F19･3(a)･でhe bend土ng

test specimen oflOO一Ⅷninlength

WaS taken from the steelstrip･

After the bending test,the

SpeCimen was11Bed for mea8uring

tbe bardness and exa皿1nlng t止e

mlCrO8trnC亡ure.

ワb15
materialha5 the 血1cro-

StrlユCtuヱe Of ferrite wltb9rObular

Cementitesin as-reCeived condition

a∈【Sbownln f〉boto.1,and the

bardnes51s 230 V土cker三;bardne85

number(VHⅣ).

The specimen was heat treated

to achive the enough hardness for

ト了す両→

pboto.1朗icrostructure of tbe

materlal⊥n as-reCel∇ed conditlon

(b)8end土ng spec⊥皿en

load;P

tc)Outllne of tbe tbごee pO上武3bendin9teSt

F19･3Dlmen8ion of tbe speciⅡen and tbe ontllne

Of the three points bending test

applylnglt a8 a metallic wlre.

tleat treatments were carried out according to the fol10Wing procedures.The

thermocouple was welded at the center of the specimen and the specimen wa5

inserted to an electric furnace;it$te正Iperature
Were Varied between750to1400

i)Heat treatment工;The specimen was heated rapidlY tO a given temperaturein

about10seconds･and held at this temperat11re for600r100seconds,and then

quencbedln water,aS Sbownlユダ土9.4(11ne(a)).

ii)Heat treatmentⅡ;The specimen was heated rapidlY七O a given temperat-urein
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about10 seconds,andimmediatelY

quenchedin water,aS Shownin

Flg.4(1土ne(b)).

i且)Heat treatment Ⅱ【;The specimen

WaS heated slowly to a glVen

temperaturein about 50 seconds,

andimmediatelY quenChedin water,

as shownin Fig.4(line(c)).

2.2 Three points bending test

工tis required that the

metallic wireis not onlY hard

but also tough. Three points
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Fig･4 Heating method of the specimens

bending test was carried out to

evaluate the toughness of heat treated specimens. The outline of bending test

is shownin Fig.3(C). The distance betw白en two fulcrums was 70 rnm. The specimen

WaS bent bY a PunCh,Which had as edge of 90 degree with the nose circle of

O.5 rrm radius. The punch waslocatedin the center of two fulcrumS. Theload.

P and corresponding deflection at the center of the specimen,L were measured

tillthe specimen was fractured.

3.Experimentalresults

3.1Results of hardness test

Results of hardness test are shownin Fig.5. Hardness mea$urementS Were

Carried outin five times to each specimen,and the average value was plottedin
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Fig.5 工nfluences of the quenching teJnPerature and the heating

method on the hardness of as-quenChed specimens
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the figure.

=n the case of heat treatment =(Omark),the hardnessisincreased steepIY

Withincreasing the quenching temperature between 740 t0 7700c,andit reached

to about 840 V首N at 770Oc･ The hardnessis not varied at higher quenching

temperatures･ =nfluence of holding time on the hardnessis not remarkablein

the range of 60 t0100 seconds(□mark).

工n the case of heat treatment Ⅱ(●mark),the hardness wasincreased

SteePIY Withincreasing
the
quenching temperature between 800 t0 900Oc. 工n this

reglOn,the hardness values were scattered. The hardness remainsin a constant

Value when the quenching temperature was higher than 9000c,and this maxim

hardness is same as that in the case of heat treatment =. 1n the case of heat

treatment Ⅱ(△mark),the hardness curve locates in the middle between two

CaSeS Of heat treatments mentioned above.

3･2 Results of three points bending test

As the result of bending test,the fractureload.whichis the fina110ad

When the specimenis fracturedis shownin Fig.6. The bending tests were

Carried out for the specimens,Of which the hardness were above 800 VHN.

The fractureload of the specimen of heat treatment 工is smaller than
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Fig.6 Results of the three points bending test

(a)Load at fracture(b)Deflection at fracture
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that of heat treatment Ⅱwhen the quenching temperatureislower thanlO500c,

butits fractureloadisincreased when the quenching temperature exceeds10500c.

The same tendencyis recognizedin the deflection at fractlユre aS 8hownin

Fig･6(b),because the fracture occurs within elastic region for most of bending

tests.

4.D土scusslons

According to Fe-Fe3C equilibrium diagram･the Aland A3temPeratureS Of

O･6% carbon steelare 727 and 7600c.respectivelY. 工n the case of heat treatment

工.the hardening begins to occur bY quenChing from 740Oc and the Tna】くimum hardness

is achived by quenching from7700c･Therefore′ the reaction ofα+Fe3C--Yis

almost finished witbin the h01ding of 60 seconds at the quenching temperature.

工n the case of heat treatment Ⅱ.the reaction begins and finishes at a higher

temperature range,because the diffusion of carbonis the rate-determining step

in the reaction･Therefore′ higher quenching temperatureis required for the

heat treatmentⅡ･Photo･2 shows the microstructure of the specimen heated to

8900c bY heat treatmeIltⅡ･Althoughits ha二rdnessis as high as 810VHN,the

grobular cementite stillrenainsin martensite matrix. The temperatlユre Of 950Dc

is required to dissolve fullY the grobular cementit.es.

Photo･3(a)and(b)show the fracture surfaces of the specimens of heat

treatment = and Ⅱ.respectivelY,both of which were quenched from 9500c. The

fractures occurred along the prior-auStenite grain boundaries. 工tis clear that

the facet size of heat treatment 工islarger than that c}f heat treatment Ⅱ･

(a)held for O sec at 950Qc (b)held for 60 sec at 950Cc

Photo･3 Fracture surfaces of the specimen5 quenChed from 950Oc

: :

20岬



28 K.TAMAKI,J.SUZUKIand T.UNNO

Thisis due to that the pr0longed h01ding

time at elevated temperature promotes the

growth of austenite grain. The half of

the cross product of fractureload and

deflection becomes the total strain

energY absorbedin the specimen untill

巨0･15

being fractured. This totalstrain

;:;r::eニ;h:;;e:;三三≡芸S慧:if:諾蒼0･10
for the specimens of heat treatment Ⅱ

than for that of heat treatment =. 工t

thought that this tendencYis caused bY

the growth of austenite grain. zn the

CaSe Of heat treatmentl,the total
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Strain energYisincreased steepIY When

the quenching temperature exceedsl100Oc,

nevertheless the austenite grainis very

COarSened.

Fig.7 shows the depth of decarbu-

900 950 1000 1050 1100 1150

Quenching temperature . 0c

Fig･7Theinfluence of quenching conditions

On the depth of decarburized raYer

rized zoner which were evaluated bY

using a microscope･ =n the case of heat treatment =lthe decarburized depthis

increased steepIY Withraisingthe quenching temperature･ The microstructure of

decarburizedlaYeris ferrite andlthereforeit deforms plastica11Y Without

CraCking･On the bending testt theinitiation of crack willbe prevented by the

tough decarburizedlaYer COVering the brittle area of the specimen･ =n the case

Of heat treatment Ⅱ.however,the decarburized depthis scarcelyincreased with

raisingthequenching temperature′ anditis only O･02rnm evenif the quenching

temperature exceedslO500c･ Therefore,the toughness of the specimen of heat

treatment Ⅱis decreased withraising the quenching temperature.

5_ Conclusions

The heat treating condition､WaS discussedin order to appIY a neW tYPe Of

metallic wire made from O･6% carbon steelto the needle part of a carding

machine. F0110Wing results were obtained.

(1)The wireis fullY hardened bY the quenching from the A3 tranSformation

temperature.when the h01ding time at austenitizing temperature exceeds 60

SeCOnds･ As the holding timeis reduced.the temperature required for hardening

Should be
raised(Fig.5).

(2)The toughness of the fullY hardened specimenis small,because the size of

Prior-auStenite grainis coarsened withraising the temperature and pr010nglng

the h01ding time.

(3)Some decarburizing occurs during h01ding for 60 seconds at elevated

temperature. The heat treatment Ⅱwi11berecommended for
preventingit,if such

decarburizedlaYer Wi11not
be toleratedin the service condition of a carding

machine.


