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End Milling of Free-machining Steel for High Speed Machining
—Tool Wear and Cutting Temperature in Cutting BN Added Steels—

Ryutaro TANAKA, Yasuo YAMANE, Masato OKADA, Akira HOSOKA and Takashi UEDA

This paper deals with the machinability of BN added Steels in end milling. The cutting tests were carried out by end
milling carbon steel JIS S45C, S55C and these BN added steels with carbide tool and TiAIN coated carbide tool. Tool
wear, cutting temperature, and, surface roughness were measured and discussed. In end milling BN added steel with

square end mill, the progress rate of flank wear width was decreased and fracture at corner was suppressed in comparison

with that in machining standard steel. In case of ball end mill, flank wear in end milling BN added steels were smaller in

comparison with standard steel. In case of S45C, boundary wear was observed, however it was not observed in end

milling BN added steel. BN added showed almost the same surface roughness as standard steel. The temperature of flank

wear part in turning work based S55C were 50 “C higher in comparison with S45C base work. The temperature of throw

away end mill was higher 100°C in comparison with solid square end mill. There were not significant difference between

the temperature in end milling standard steel and BN added steels.

Key words: end milling, BN, free-machining steel, carbide tool, TiAIN coated carbide, tool wear, cutting tool

temperature, flank face, belag, two-color pyrometer, optical fiber
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Table1 Chemical composition of work material

Chemical compositions of work material mass% Hard

C Si Mn 8 SoAl N B ness
545C-1 043 025 073 0018 0.020 30ppm - 162 HB
S45C-2 044 019 074 0018 0.026 66ppm - 211Hv
855C 055 025 072 0.021 0.024 56 ppm - 221Hv

S45C-BN1 | 044 021 074 0024 0026 125ppm 63 ppm | 214Hv
S45C-BN2| 042 026 078 0024 0066 167ppm 80ppm | 158HB
§55C-BN | 055 024 073 0036 0057 112ppm S8ppm | 231Hv
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Table 2  Cutting conditions

Foe tool life test < Side view >

Square end mill (¢ 10mm)  Ball end mill (R=5mm)  Throw a way tip Spindle head < Top view >
TiAIN coated carbide TiAIN coated carbide P30( MDMM52R)

v=300m/min v=276m/min v=300, 450m/min I

Ad=8mm, Rd=1mm Ad=4mm, Rd=0.5 Ad=3mm, Rd=0.2 Tip

f=0.1mm/tooth £=0.05mm/tooth £=0.05mm/tooth 1.5mm

dry dry dry °

For cutting temperature measurement [

Tool: Square end mill (dir:10mm): Carbide, TiAIN coated carbide I Charge amplifier | —
Throw a way tip: P30( MDMMS52R) k 2

v=100~500m/min L Digital oscilloscope —k_

Ad=3mm, Rd=0.2mm X

£=0.05mm/tooth I InAs/InSb-two color pyrometer j

dry Fig.1 Schematic illustration of experimental arrangement
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Fig.3 Frequency characteristics of InAs/InSb two-color pyrometer
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v=450m/min, Ad=3mm, Rd=0.2mm, f=0.05mm/tooth, Lr=117m, dry
Fig.5 Wear patterns of throw away tip in end milling S45C and
S45C-BN2
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Fig.6 Wear progress curves of throw away endmill in end milling S45C

and S45C-BN2
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Fig7 Wear progress curves of TiAIN coated carbide endmill in end
milling S45C and S45C-BN2
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Fig.8 Wear progress curves of TIAIN coated carbide squire endmill in end
milling S45C and S45C-BN2
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v=300m/min, Ad=8mm, Rd=1.0mm, f=0.1lmm/tooth, L=100m, dry

Fig9 Wear patterns of TiAIN coated carbide ball endmill after end
milling S45C and S45C-BN2
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Fig.10 Wear progress curves of TiAIN coated carbide ball endmill in end
milling S45C and S45C-BN2
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v=276m/min, Ad=4mm, Rd=0.5mm, f=0.05mm/tooth, L=100m, dry
Fig.11 Wear pattemns of TiAIN coated carbide endmill after end milling
S45C-1 and S45C-BN2
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Fig.12 Tool flank temperature in end milling S45C and S45C-BN2
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Tool, P10(SMNM120408), Cutter dir:100mm, Work, S45C-BN2, Work
width:72mm, v=300m/min, f=0.20mm/tooth, d=1.0mm, t=10min, dry
Fig.13 Element distribution on the flank face of carbide tool P10 after face milling
BN4

S45C GIHIt4 &t~ S45C-BN BIHI#: B3 D&M E <, 8
BISEEE HME W LB IZ 8\ T BN BN EEFEIIHI5h R
NEBINTNWDBI EBDNDE. ZOXESTHR—T FIN
EROVNEAZ T =2 K INEIEIEFO X 5 22 Ao R i}
MRV EE, BN FRINSMUIEIRIISE REERE T & O R I EERE
MDROENIBNT &b, HEHEH & KRR EE - mREEINT
D THEHLEX5.

34TV RILHIBOIERTEEE L TEER

12 (2> FIVEIEIEZ 3507 2 T Rk migE 2R 9. R
g7y RIWVE/ ra— ke TIAN 2 —7 > 7 0BEED
2 EBETHDH. Au—TUxAFvTHIATIE/) a— Ol
WTREZHAW:.., 2u—7TUxA(F v 7 TOT K ILEHEIZ
BT, S$45C _X—2R L S55C ~N— 2 DYRHIM & el LT- 184,
S55C N—Z2DFF 1K) 30°CE VW EIEREE 2R Z ENghb.
S45C, S55C N—ZADWFUIZ OV TH BN FRINEAASEZUES
HARFEZED L IFRREVMEEZ R LTZ.

TEBIRMBE U CRALENERDZ A7 =T FINLTY)
BBz T h S45C_— R L HS55C ~N— 2 D5 3 i\ RE
ZRLTZ. TIAIN a2—7 v N FILE ) vra— ol
W FIANTE/ va— hOBETY FILOFBMEVES
KUz, — RO TEBRBE L ThuTa—Ty FEOAE
HHBBREL 2B OENFOHF I BORET Lzl B
Z BB, S45C YIHIRF OYIEIRE S oA L AR MEE R



. ZOFEKE LT, FEHEHALITHE WO, BrEIE
DERL Tl D Fe RISHEMFZ I TEHML S N T- 5 M OB
BHOBENNZEAbDLEZ LN, £, Au—TU=AF
v T TYHI L2 GA L iR L, R—8IHIG&EFIZBWTH 100°C
EVKTEIREZRTZ EN0005. Zud, YHEEROED
RVMEZ R LIZZ &R, TEEME CRIELILEZAERLE
20 —T7 Y A F v FIXHALDOR—= " ZIRH# 0.02mm Th
Z0IZRL, YUy Rz FINVOTEREIZEBONTIERN
0.005mm Th H ZOENHAIRDOEL ZDO—RHTHBH LEZXL
ha.

T R VIR O 3T BEREI ] O FRIZ DWW TR B 72
® BN ¥R % Wrise G| L 7= #% o T B3RP HE 2oV T EPMA %
AWTCRREODAEZRAN-. R13IZEDOKREERT. InHI
ITVERSIZ Al & N BERRIZOM L TW5. 72, ZOSMUIC
Mn, S, O 2 ERRELND. ZDOZ Lnb, WistlElizisnT
HAEFEEIEIRE L [ U K D IZ bR ORERIC L 0 R HEERE
NEEI SN EEZ OGNS, LL, BEP0DAT—T U
AF v TR RIVNIIZREWNT, YIELEENS EF L
GIHNREE D B+ 5 LAY & el LISIERS OB AR~ T 2
LMD BT, EREEIENS BV TITYIEEE 500m/min (23
W ORI I EEREIZ A & 0 R EEREMEI R AR b T D D
T BRI A Rlp B D CRLI R el 1 38 L v Ay, 4|l
Dz RINEEITIETNL D HIRVEIEEEE, 810 A%, %
DIZH Db b TERMFIIRSED b THh Ry, T,
2 RIVINTIANGTEICTH D Z L 2D, ZEERRECRIT AT
BREREEM OB LOFEY 12X B RIREEOME D
PR ERIC L DiEMEOEE VI LY TEREICE T &
WKL 2ozl N ZO—HTHHEEZXLND. ZOR
HEEOAR, MEILTREPOIERSICHELZIT DT ENH
LAl ENTVSZ LYY DoHEEERRMIE(T ) I-dicii=
—7 v FLEZRAWS 7 Cilge TEMEEZBIRT 2 Z LT
BETHD.

4. # Ei]

FEYESH S45C 46 L TN S55C, F£7-% D BN HiINgH 4 86 TR
L TIAIN 2—F7 v FEBETREZHAWT Yy FIVNIETT
vy, TEEERE, YIHBEE, SIHHEHR LMt ETFEH & S &)
E L BN NSRRGSR DV TRE E1T o 1o B, RO
LT,

(1) AZ=x=7xyr KINVTEH LEE, RFEICEWTE

SR NEREIFD T R=)UNT

FOBFEITHEDK TAR LN, a—F—HORIT b
BWahni.

) A=z FIVTHHI LI5S, HEHEH & e~ BN i
INgA < B AS IR I Bl Sz, 7= S45C 4|
FEICR W TR ERE SR O 7228, BN ALz
BOWTHMABRIIRDONE P T,

(3) BN FINEMLINEIEE O LT S 3983 E o minic
ONFEHERB L NESOE BB Uiz, SBEIMREIcKk&E 72
BEBWIR LN o7z,

(4) S45C N—R L S55C ~N—RADEHEI &tk Ui 154,
S55C N—ZDF 3 VEIHNEE & 7~ . FEHERR & BN RN
WA BRETR N2 -T2, Fi, AERSFIZZ VY
v R FIAPAR—=T VoA F v 7LD IRWTERE
LTz,

#

AFREFITT DI HT= D HRETIABWZ12& F LTz JFE
ZHR L OERICER T IR OWTEE R M- TV &
FLRRB RS T o 7 —EEEIR 7T A7 I — U
T ALZRICELCEHOEEZR LE T

2 E x#

1) IWAR\BHS, HThFERER, "B : BN iSO NI, e L%
£35, 64, 9(1998) 1370.

2) WAR\PHES, EFFHEKER, BARTEE, BHEAIE, AmER BN M
FDFEHIMECEE 2 ) —FHIM B LO LRI DCERYOEE—, WE
T%43E, 66, 2(2000)229.

3) HEFHERED, WRAME, BEATE, "SillZ, Ak  BNEM
SDBHITE (F 3 W) —WiktEIHIC R 2 HEHIE—, % Tras
68, 5 (2002) 705.

4) HFFERER, WARNME, BEAE, BilflZ, AfdER BN N
WMORHIE (5 4 8) BERIM IR 5 2—7 v FLAEB XU
7 2 v TROBEFME—, K8 L¥A5E, 72, 10 (2006) 705.

5) H. Takaoka, E. Nakamura, T. Oshika, A. Nishiyama: Relationship between an
affinity of (Tilyx, AIx)N layer toward iron and its cutting performance
Surface and Coatings Technology, 177-178 (2004) 306.

6) Jie Gu, Gary Barberb, Simon Tung, Ren-Jyh Gu :Tool life and wear
mechanism of uncoated and coated milling inserts, Wear, 225-229 (1999)
273.

7) G.E. D’Errico, E. Guglielmi: A comparative study of PVD coated cermet
inserts for milling applications, Journal of Materials Processing Technology,
78 (1998) 48.

8) HI R, /mEEEVE, \WEHER, LEMER : EgDEIcRsT 5 TR
WTERE —@ET Y KIAVMIICET 8% (F18)—, BET
22456, 66, 11 (2000) 1786.

9) H.Opits: Metal Transformations, Gordon and Breach, New York (1968)
261.

BBITHA5E V0l.73 No.7. 2007 807





