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Investigation on the Change on Surface by Corrosion of

Tool Materials and Cutting Energy
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H
B G 235 . FEEEMAOBEISREL
FF o SR 236 B D
FOER 236 . BRI AXEHEEE L L
FEELES JURFEEG e e eerenen e 238 . IYITE Ik LIE T
a, BERD BAEOHE
b. EEER (BoX) %L g o2 g R R R P P PR PPRPPRPPPPRRS 243
c. MXOET DT RESUITIE ++eevervrermvmmmmnmsnssernmeroeemansenns 243
# =)

FaWEO TEMED L 2 RAF T EARIEKC Y b R SE, EERBOLEE LT

X ORBMORESTBITE = AL FICB LI THEEYBRLIEE KO LRSI ORS,
PR A OB R A BT 5T RCOBEHE R, G, 1D RETEH SK4, A4 T EHM SKS 5B 1
BRAEBOYELZLLZFHILNHELNT, EERVCIVEEIWDRAEL LN LD RE
Ve XD, BAMEDCONERENNEEI R, TAMOES AT X 2BREIGHOBENEE
Thic, 2) F-EEEM SKHS HEANRELECHI LTRSS bbh, ERECH: 2E
FNFEOBHLEREIHET L WS EE L, SK4, SKS 5B LIz LThie D I BMERH 5 &\
2%, LOLEBHOBRUBIZ L 2EGRERIEATE T, SbILEL0&BREL D, To&
% L DBBIANEEI NI, 3) BESES G3 o0 TiE, AEKCIZELVEARS bR
e, BEOZSECRSOINBEDOPELYZT A LABELL, FHEE, XBRENEOH
ERRELHBT S, LEDZ bbb Tk RRETL XREI» AR A E -7, FEOH
FICL O EbxbRBI EMHB LI, Lidis T DRSS LR IEIRER &¥IE O I E
RBLLTHSTHA Y,

PEITEC ST, YIHFHE= A ¥R, HRAAHOEORBREORTIREL X -
L, G3 mhELRATRIBARDHELIIEA LS bbhisl, %1 SKH3 nbiEbhiTAD
BE (FRRAF TV URABKE L20ETERILAS bbhicsd) BRECIVERAVHET 2 ET
EEHERATEEREZLLRRVOT, BRIANS bR E YA TORALE (0ED) kI
v, FOEBRTORBOMEE, YHIFE=4x1¥RbTHCERC L AHEY T TE 0w, L



236

2L, SK4, SKS 5B TELMATEIERMOBALBICISVCTEAIELIERTL, TOER
TIHIFE = 50 ¥ V2T 5 2 L5335 & bTin -t AERITTIMIEND 7 <, YIHIEEH
E DT SORKERN S TEFEOHINLERIBE I hier - 1nt, BEHOBRTHEET X
BTEDEIITMATEINS, Liztis TLEORAEMC X » TIRAET b EHICET DR &
STt B LB B,

FF E

RiFapet e LCHERT 500, ERE«DOWERLERTER, LELIALOWRELLLTH
WARMOME L L Coffifiz o TEHFIEEROACRDALTHDLZ LIXPATH S, Ll
PHOINEEOWEE L TIHLE DTN 5h, TihbbiERE L TRM % I KREM 2 FIE
E»HOMMES E /) 2 Th, FOEMES L EFTLAMD KA ABCED X Sz >0h (Zh
LT LEBREIRTERAIRS) LW ARd ), HREIFCZOAXESRL L TRETRET
BB, BEIFR LA L, BLAKRKROBERCHTL, R AR &5 BRY 8 L
fLiZizA£5 LTV 3BEANRDH 5, ZHITHREMESER LV O BRE L, ARTEELET 2
¥, ANHEESYIEEHER L LTERD 0o ThBITER, 20X 5 RRECREL, AHE
SLOEZ BT IDOWELE ALED TR F TR bV, DX 5ieELhLERYS 5\
IATHHE (&8, 7725y 27%%x) LRy, £k (ERCIEDORIEY) & LTORM
DAFORE, MESCHILIEZELYERTHI LY AL L—EoMELXENTS, Ll
REORBHOHEORMEL L TOAMMRE R I 5 D% OWEAMNE D D, FOHEEA
HZ LD ondb & bhThlvy, FITEADOREY LD, TOHEHLFISHTEA~TES
BAKLETHS 5,

FEOEZCLEFTE, FOWESHLERD LD SENIAMOER LR OV TOPREYR /L
5, FOHEE LT, RELRCHEAT S TEORE, Mo TABHECET 2MELEERT S,

I TEDERIE » ORFE L bh, @BYHIOBREO TADOERCSLTHILY bik, £
DHEFHICARACS T T2, ZOFTEBMD D\ IXEEIHFORST L 2 TEHOHILH B
BB LRGN T EOBERO—~RNT LB LD T 5, ABCARMTIEICHERX DT
T REREH IR B TRERLMC, TEROLFMRTIC X AE{LCERT 2 B4 E 2
BERHD, ThHIEDT W. M McKenzie*® S OERSC X 5 T EO/ Lz
THREL T2, SHRBRICCETORL TS, BHFEEIhiNAHERFROBRREYEL D ER
MORGUMC L TEDLERIGC L 2B ERFEERT 24BN H B0 L Bbh D,

AERTIXINSOERRRYBRT 5 —EBE L L TRMIEICHEB IS TEMB O AT X
DIABEYERL, BECIY TEOREIED LSBT D00, FhtroBEaErnygl+1 T
HEMEECED L 5 n B BY S bhEOVTETOEEY S = - o,

£ B

AEBIL ASTM, D-1141-52 SO ATHKBARRESZYBEL L, BRAKIER -V 15
%DREKEERL TER (20~30°C) TRE (24 brs.), EIHKE (24hrs) DEELABRY S
Theote, (BE—EKDKE, —vA A ETE) '

FRRAN L LT, BRREKOZYERT HRRAF L UEl= L ¥ 2 WET 2 Y0 2 EELE
BlLt, &xDRAOFIRIEL Table 1, Table 2 CRTEI THB, %7 TEMEHL Table 1 &



FT ko, BANERE, &L SLERE
ST 5 RFEWM SK4, 44T B SKS 5B,
R EEM SKH3, BMae G3 o 4R

L, EHHREFD 5 SK4, SKH3 ©wo
VWTiE, BANK Table 3 WRTHEBERIC X
DALERBELUR A K 2t b0 & FRHOR]
PEE B Zleblt b (RAEE X.85) ©o
WTDERE B Zr T,

FHIIHBRAR ZHEB LB ARRBRC LT
B RRREL 208 (Foiil SKS 5B o %15
B) DRBA I Iy, 20EEAEELOK,
SKH3, SKS 5B, SK4 &2\ Tik+ v F2—
A—THEA RS I WEBDHEYE IR, =
o%E SKH3 o Tk T 4 BB BT
T5FCHELRS SK4, SKS 5B it
B D EVEBABEAL T SITERYH M
LC\Vv5%7%, SKH3 tARENCEX (1.3
mm) CETDFEFTO v F— =g (I
B A—ELTE) BB oo,

BIZE LR AR L20EIE S — <=~ LR
FOBBXLERTRXFHALCI Y 75 2B
¥CHEL, BACLPERBHARELRDI,
&z JIS B-0655 (1957) i X % UG FEE H
53 (Ha) 7 b REMIRD JIE % /ML
TRERAVRBLZERL, FEARELI L

Table 3. Chemical polishing condition

237

Table 1. The shape and the components
of test specimen
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1.5 mm

Specimen materials  SK4, SKS 5B, SKH3, G3
SK4 C 0.99 Si0.32 Mn 0.60 P 0.011
S 0.003
hardening ; 780°C tempering ; 200°C
SKSs5B C 0.81 Si 0.25 Mn 0.45 P 0.010
S 0.004 Cr0.32 Nil34
hardening ; 830°C tempering ; 500°C
SKH3 € 0.8 Si 0.35 Mn 0.33 P 0.012
S 0.001 Cr4.13 W 17.44 V 0.97
Co 4.60
hardening ; 1280°C tempering ; 580°C
G3 W 81~88 Co 6~11 Ti 0~1
Ta 0~2 C 5~6

Table 2. Tool materials and tool shape
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Tool materials; SK4, SKS 5B, SKH3, G3
Rake angle  a=25°
Tool angle p=50°
Relief angle y=15°

Table 4. X-ray condition

Chemical polishing solution

Oxalic acid 25¢g
Hydrogen peroxide 13¢
Sulfuric acid 0.1g
Water 1000 1
Temperature 30°C
Treatment time 1 hr.

Full scale 1000 c.p.s.
Time constant 1. 25 sec.
X-ray CuKa, 40KVP, 15mA
Divergence slit 2 mm
Receiving slit 0.2 mm
Scanning speed 1°/min.
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Table5. Workpiece condition and cutting direction

Workpiece Specific Annual ring Moisture . . . Depth of cut
Speci breadth content | Cutting direction (mm)
ecies ; mm
p gravity (mm) (%)
Buna 0.57 1.7 13.2 0—90, 90—0 0.20
( Fagus crenata Blume) ) ) ) ’ ’
Hinokd 0.44 0.8 10.3 0—90, 90—0 0.20
(Chamaecyparis obtusa Endl.) ’ ’ ’ ’ )
Radial section |(—22 —h[ Radial section
e

fi —y P
N
{Cross section /
I/ )/J/ /

Cross sectionmm

Culting  direction
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Résumé

This paper is one of a series in which the results of a study on tool wear would be presented, It
has been well known that the tool wear originates in many factors, and it is interesting to discuss the
individual factors. In this papers, we deal with corrosive wear of cutting tool. Cutting tool used in
woodmachining may be affected by chemical activities of extractives in wood, salt which may be conta-
ined in wood on the transport of wood etc. We can take into consideration corrosive wear of tools. In
this paper we describe an experimental study of corrosive wear,

Tool materials used in this experiment were SK4, SKS 5B, SKH3 and G3 which contained the com-
ponents shown in table 1. Two series of experimcnts were carried out: one using the plate shown in
table 1, and the other, cutting tool of dynamometer shown in table 2, so as to investigate corrosive
phenomena. We could consider chemical effects as a factor on the wear of a wood-working ::l’x'tter.

The plates were corroded in salt solution (weight percent 5%) and corrosive phenomena of tool
materials investigated. In this experiment, we observed weight loss, roughness of surface, Vickers
hardness, surface photograph, X-ray intensity and etc. In the next place, we corroded the cutting tool
and measured cutting energy on corrosion cycle, which was in salt solution 24 hr. and in air 24 hr.

From the experiments described above, it might be cOﬁcluded that the surface region of carbon tool
steel and alloy steel (SK4,-SKS5B) was corroded early in the corrosion cycle and we could observe cor-
rosive wear; high speed steel (SKII3) resisted in corrosion much better than carbon steel and alloy steel,
but as shown in fig. 1, 2, high speed steel was corroded after a large number of corrosion cycles:
moreover, on high speed steel we observed etch pit, which might be caused on properties of high speed

steel made of various metal, after a large number of corrosion cycles, finally in hard metal, we could
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not observe corrosion phenomena of weight loss and surface roughness, but, on X-ray intensity, Vickers
hardness and surface photography, we could observe the exsistence of rust on the surface.

From the results described above, it could be considered that, in cacbon steel, alloy steel and high
speed steel, there were effects of corrosion by salt solution, but in hard metal, there were no effects of
corrosion.

It might be described that measurement of X-ray intensity and Vickers hardness had effects on
observation of corrosive phenomena. As we could not consider stch pit on a cutting tool during machin-
ing, we treated each cutting tools up to 10 number of corrosion cycles. From the experimental values
of cutting energy on corrosion process, we concluded that, in cutting tool made of carbon steel and alloy
steel (SK. SKS5B). cutting energy showed a rapidly increasing rate on corrosion process; in high speed
steel (SKH3), cutting enexgy was slightly increased because it could not observe etch pit on surface but
it might be increasing over a long period of corrosion; and in hard metal (G3), cutting energy didn’t
change remarkably. It might be concluded that in comparison with the experimental results of plate,
the relation between cutting enegy and cutting tool on corrosion process agreed very well with exper-
imental results of plate. We could not confirm the influence of corrosion cycles on cutting direction and
specimen. In the experiment, we could not observe tool wear because of a small quantity of cutting,
slow cutting speed and etc., but we could consider the increase of tool wear on corrosion cycles because

tool wear was concerned with mechanical factors and surface conditions on tools. Further investigation

on tool surface will be necessary.

Photo. 1. Surface of SKH3 at corrosion Photo. 2. (a) Initial surface of (3.

number 5.

Photo. 3. Surface of SK4 at corrosion Photo. 2. () Surface of G3 at corrosion
number 15. number 20.



