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Abstract

This paper aims to clarify the machinability of sprayed materials. In this paper, two kinds of metallic
sprayed materials and three kinds of ceramic sprayed materials were turned with several kinds of cutting
tools, and fundamental machining data such as tool wear, cutting temperature and quality of surface finish
were obtained. Further, diffusion test and wet cutting test etc. were conducted to clarify the tool wear
mechanism and to improve the machinability of them. The main results obtained were as follows; 1) The
cutting temperature of metallic sprayed materials were very higher than that of S45C. 2) CBN and cermet
tool showed the excellent cutting performance in machining of ferrous sprayed material, and it was possible
to machine practically and high efficiently. 3) Carbide tools (cutting grade for cast iron) were suitable for
machining of 13Cr sprayed material, and carbide tool of lower Co content was better. 4) In dry cutting of
13Cr sprayed material, it was possible to machine only within the range of the cutting speed from V=20 m/
min to V=30 m/min stably. 5) CBN tool was suitable for machining of TiO, and ZrO, ceramic sprayed
materials. Also, it was difficult to cut Al O, ceramic sprayed material excluding the wet cutting condition
with sintered diamond tool because of high hardness of work material.
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Table 1 Chemical compositions and mechanical properties of work materials

Chemical compositions (%)

Work mark C Si Mn P S Ni Cr Mo Cu 0}

13Cr-Sprayed | 0.36 0.33 0.44 0.018 0.017 0.28 12.25 0.026 — 9.2
Fe-Sprayed 0.05 0.08 1.92 0.009 0.012 4.08 1.03 1.280 036 | 85

Tensile strength | Adhesion strength | Hardness
Workmark | ™ Kefiem?) (Kgflem?) Hy)
13Cr-Sprayed 1600~1800 300~350 400~450
Fe-Sprayed — — 380~420
Work mark Chemical compositions Hardness (Hv)
Al,05-Sprayed | Al,O5; 94% , TiO, ; 2.5% , SiO, ; 2.0% 760
TiO,-Sprayed TiO, ; 99% 400~450
ZrO,-Sprayed Zr0, ; 92% , CaO ; 8% 400~450
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Fig. 1 Microstructure of work materials

Table 2 Cutting conditions

For metallic materials

Tool material

Carbide K10, K01, CBN,
Cermet, TiCN coated

Cutting speed Varied from 5 to 300 m/min
Depth of cut 0.5 mm

Feed 0.097 mm/rev

Tool geometries -5, -5, 5,5, 15, 15, 0.8
Cutting fluid Dry, Wet(JIS 2-15, W1-2)

For ceramic material
Tool material

Cutting speed
Depth of cut
Feed

Tool geometries

Cutting fluid

Carbide K01, CBN,

Sintered diamond

Varied from 6 to 400 m/min

0.2 mm

0.097 mm/rev

-5, -5, 5, 5, 15, 15, 0.8(square type)
Rake angle -10°, -20°, -30 “(button type)
Dry, Wet(JIS W1-2)
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a) Tool: Carbide K10 b) Tool: Cermet c¢) Tool: CBN
T=10 min T=10 min T=10 min
Work: Fe-Sprayed, V=20 m/min, d=0.5 mm, £=0.097 mm/rev, Dry cutting

d) Tool: Cermet e) To B ) Tool: CBN -
V=100 m/min V=200 m/min V=300 m/min
T=2.5 min T=3.5 min T=0.5 min

Work: Fe-Sprayed, d=0.5 mm, £=0.097 mm/rev, Dry cutting
Fig. 2 Wear patterns of various cutting tools in machining of ferrous sprayed material
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Fig. 3 Tool life curves of tested tools in machining of ferrous sprayed material
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a) Tool: Carbide K10 b) Tool: Carbide K01
T=10 min T=10 min

d) Too CN coated
T=0.5 min

Work: 13Cr-Sprayed, V=20 m/min, d=0.5 mm, £=0.097 mm/rev, Dry cutting

Fig. 4 Wear patterns of various tested tools in machining of 13Cr sprayed material
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d) V=20 m/min e) V=30 m/min "’ f) V=35 m/min
T=10 min T=10 min ’ T=2 min
Work: 13Cr-Sprayed, d=0.5 mm, £=0.097 mm/rev Dry cutting
Fig. 5 Wear patterns of carbide K10 when changed the cuttmg speed in machining of 13Cr sprayed
materials .
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Fig. 6 Comparison of tool lives of carbide K10 and K01 in machining of 13Cr sprayed material
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&) 700 ¢ Tool: Carbide K10
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o 00 £=0.097 mm/rev
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Fig. 7 Cutting temperature when machined Fe and 13Cr sprayed materials with carbide tool

"B)V=20m/min = ¢)V=30m/min Cutting
Work: 13Cr-Sprayed, Tool: Carbide K10, d=0.5 mm, =0.097 mm/rev, Dry cutting direction
Fig. 8 Photographs of finished surface when machined 13Cr sprayed material with carbide tool
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-/ V=20 m/min
-A- V=25 m/min
171 V=30 m/min

S
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Flank wear width VBmax mm
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5 10 50 100 500
Cutting length m
Work: TiO,-Sprayed, Tool: Carbide K01, d=0.2 mm, £=0.097 mm/rev, Dry cutting

Fig. 9 Wear progress curves of carbide K01 in machining of TiO, sprayed material -
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a) V=10 m/min b) V=15 m/min V=25 m/min
T=40 min T=29 min T=3.25 min
Work: TiO,-Sprayed, Tool: Carbide K01, d=0.2 mm, £=0.097 mm/rev, Dry cutting

Fig. 10 Wear patterns of carbide K01 in machining of TiO, sprayed material
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Work: TiO,-Sprayed, Tool: CBN, d=0.2 mm, £=0.097 mm/rev, Dry cutting

Fig. 11 Wear progress curves of CBN tool in machining of TiO, sprayed material
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50.1F -O- -/ V=20 m/min
= Work: ZrO2-Sprayed
-é Tool: Carbide K01, CBN (Square type)
s d=0.2 mm, £=0.097 mm/rev, Dry cutting

0 50 100 150

Cutting length m

Fig. 12 Wear progress curves of tested tool in machining of ZrO, sprayed material
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Cutting length m

Work: ZrO,-Sprayed, Tool: CBN (Button type), d=0.2 mm, £=0.097 mm/rev, Dry cutting

Fig. 13 Wear progress curves of button type CBN tool in machining of ZrO, sprayed material
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Work: Al,0,-Sprayed, Tool: CBN, d=0.2 mm, £=0.097 mm/rev, Dry cuiting

Fig. 14 Wear progress curves of CBN tools in machining of Al,O; sprayed material
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Work: Al,O;-Sprayed, Tool: Sintered Diamond (Button type),
d=0.2 mm, £=0.097 mm/rev, Wet cutting

Fig. 15 Wear progress curves of sintered diamond tool in machining of Al,0; sprayed material
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50 um Cutting
direction
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—nz:j Work: TiOz-Spr ed b) Work: ZrO,-Sprayed ¢) Work: 1203-Sprayed B

Tool: CBN(RNG120400) Tool: CBN(RNG120400) Tool: Sintered diamond
(RNG120300)
a=-30", V=60 m/min a=-30", V=50 m/min a=-30", V=200 m/min

Fig. 16 Typical finished surface of various ceramic sprayed materials

5. & =

EDERND, £7 3o 7 REHHEHC oW TIIEAN S 3 v 7 2DMTEFA LT
B0, ¥FloFe BHEHMEOWCIBEELTE, UG 2E~EEA ERED LI T3 w]
ETHD. ABETIREBRMECH B 45 < RT 13Cr B W=, Z0EE
ARy B :

5.1 BEMELOHE

T E TIRAT E T EEFPRE O VIEIERE 2 A RS O BG0s £ 5 2 ieo\ T 13Cr B4
¥ & F OB CH B SUSA20]2 D HET A 4T - Tz, RITI B K10 % 0° CBN T A
T 13Cr ¥4 ¥ % 0 SUS420]2 % 4JHI Lc Koo T EEREF B2 <3 . SUS420]2 Ti,
13Cr BHMHANALE & TEANOBEEL DL, BEH CIYIEIARAEE7 100 m/min
LI GIEERE © L BEILbL T THS. L BTSN OB LWEELE LT
Ieus. L7t CRIE CR LI O BB BRI oER OB L E 2 bh 5.

5.2 BAEEECOWT

BHHDEIBCE LWEEERE LD, FORRE LT, BHEH3SEOmB{Y (Fe
F, Cr %) 2286 L, UHEREI FECHBERTHL L IENELLID. FiC Fe R
Bt TR BEEYR LB VWEEbh Tk, 7 CBN LEIX Fe Rt & RIHL
PO 2T, ThbDZ ERERT 5D ESH & TEOB CHIRIGER YT -
TofE R, #BEE K10 & 13Cr BH M 0%4A, $950um © Co DILEARD b, WENEE
BRI LBVRRE DS LRSS R, B0 CLBEDEZ £hh, FED
BEILELh.



fig3215-7.pdf

232 A% F-RE AE - WERANE

a) Work: 13Cr-Sprayed b) Work: SUS420J2
Tool: Carbide K10 Tool: Carbide K10
V=20 m/min, T=10 min V=150 m/min, T=5 min

¢) Work: 13Cr-Sprayed d) Work: SUS420J2
Tool: CBN Tool: CBN
V=20 m/min, T=1 min V=200 m/min, T=1 min

d=0.5 mm, £=0.097 mm/rev, Dry cutting

Fig. 17 Comparison of wear patterns of carbide and CBN tools when machined 13Cr sprayed material
and stainless steel SUS420]2
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Cutting direction

R W N % A # .3 i ;.\ -‘ e 3 Al SR N = -
a) V=10 m/min b) V=30 m/min 0.1 mm
Work: 13Cr-Sprayed, Tool: Carbide K10, d=5 mm, f=0.097 mm/rev, Dry cutting

Fig. 18 Microphotographs of cross section of finished surface when ,achined 13Cr sprayed material
with carbide tool under the different cutting speed
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b) Holder B ([120mm) ¢) Holder B (LJ20mm)

a) Holder B ((J20mm)
V=10 m/min V=20 m/min V=30 m/min
T=4 min T=10 min T=10 min

e) Holder A ((125mm) f) Holder A (CJ25mm)

d) Holder A ((J25mm)
V=10 m/min V=20 m/min V=30 m/min
T=10 min T=10 min T=10 min

Tool: Carbide K10, d=0.5 mm, £=0.097 mm/rev, Dry cutting

Fig. 19 Effect of tool holder stiffuess on tool wear of carbide k10 in machining of 13Cr sprayed materi-
al
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0.5

g | Work: 13Cr-Sprayed
Tool: Carbide K01

é 0.4 F4=0.5 mm
L £=0.097 mm/rev

§ 0.3 Cutting length: 100 m

s |

g [ Wet cutting
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Cutting speed m/min

Fig. 20 Relationship of cutting speed and maximum flank wear width in machining of 13Cr sprayed
material with carbide K01
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Work: 13Cr-Sprayed Rake Clearance
 Tool: Carbide K01 ansg}e aj:gle
d=0.5 mm -
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Fig. 21 Effect of tool geometries on tool wear in machining of 13Cr sprayed material
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