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Effects of Cutting Parameters for Marble Milling on Wear of PCD Cutters
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ABSTRACT: The work aims to prolong service life of cutters by exploring wear mechanism of PCD cutters. Orthogonal expe-
riment was designed to study effects of cutting marble provided with different processing parameters on abrasion of cutters. Law
of influence of spindle speed, feed rate and cutting depth on abrasion loss of PCD cutters was analyzed to reduce abrasion loss
of PCD cutters by optimizing cutting parameters. Then a model of abrasion loss of PCD cutters and fixed stroke abrasion loss in
unit time was established based on empirical formula. Abrasion grade of cutters was given based on records of cutter vibration
during the tests and actual abrasion loss of cutters. Increase of spindle speed could reduce abrasion loss while that of feeding

speed would intensify abrasion loss. It had slight effect on abrasion loss when cutting depth was below 1 mm. However, increase

i HE: 2017-01-25; 1&iTHHA: 2017-03-09

Received: 2017-01-25; Revised: 2017-03-09

BEEWmB: BFaAHAFELTHAR (51375317)

Fund: Supported by the National Natural Science Foundation of China(51375317)

EEE N BEm1987—), F, MEMA L, TRATH @ttt

Biography: YAN Hai-peng(1987—), Male, Doctoral candidate, Research focus: brittle materials processing.
BIRAEE: R28F (1955—), B, ¥+, &, TLMATAAMRBEMAMT, LA %,

Corresponding author: WU Yu-hou(1955—), Male, Doctor, Professor, Research focus: brittle materials processing and spindle system.



. 246 - £ m H AR 2017 47 H

of the cutting depth would lead to rapid abrasion of cutters when cutting depth was over 1 mm. The prediction model could pre-
dict abrasion of cutters well. The abrasion was the most serious when cutters resonated with machine tools according to abrasion
grade, hence obvious furrow, abrasion and falling off of diamond particles were observed on the surface of cutters. During actual
processing, durability of cutters can be enhanced by improving spindle speed, reducing feeding speed and decreasing cutting

depth. Abrasion of cutters can be effectively reduced by avoiding resonant cutting parameters, better cutting effects and mini-

mum abrasion loss are obtained at the spindle speed of 12000 r/min, feed rate of 500 mm/min and cutting depth of 0.5 mm.
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KEAE—F IR EFRM A, B R %E
WRTIRE, AP 2 0 ThE RS | s =
PIEEIAE, o TR SCHE . 2 I0L, AW E 1% . G
SRS IR T AR AL G 0 £ b 20 32 46 T
Tl A BRI D, e E B AS T A TAT LA R

(SRR E Lt 5% NI [ Ko b 5 NI = 1B S =1 B N
B AR L, E N AMHE T & T —HtE R
SHELA ARSI THURY ), W M4 R4 (PCD )
JJEEIMT ARy FEE )RS Fikxt PCD JIEK
W BARIC N EE . SCER[710F5E 1 fin LHiliE PCD %
YL T EL R R PR 2 SCHR (8143 B T B I oA U]
LG BEEE ) BRI AER Z X PCD J) HEEJ)
Jo R B o SCHR 9T T LI S5t | VDI 9 25 T He
T PCD JJE A A4 )] A THERE. SCik[10]
PHE T PCD JJ B BB S LA K B ALER o SCHk[11]
AT Ti6AI4V FHEBEHIAR:, W T PCD JJH g
TES, Rl T RAOT B R m TR 0 Am, BT I A
Je 70 TR S 45 % i 2 D) S ) A A R . Sk 12]38
I UIH R EERYS, 0Hr PCD J1HJE J1 1 I TR
X T L A5 K A A A B R LA . SCHR[ 1314 X 1
HIEEE /4 T PCD JJ EYTHIAE b A i EE S AL . 1
Ab, SCHR[141R] b 2 W 4 ik sy 7 ) BB i Y
TR - s B X YT S B T . S
BRI15TM) 1 7 5T LS-SVM [a] ) 532 i) 77 EL B 51 4 i
DUAERY  BESEAERR TN ) ELEs P . SCHk[ 16138 A
B IT o3BT 7 3 AT 70 LS4k (9 T80, - Bl e ok
Y5 A BR 0 AR A Ay AT SR

h T HE— 0 AE A NI TR )2 T HLAE R b e
RIS IR, 5TV 2500 7 RS AR, I
— e AN T T 224, A3Est PCD JJ A
B ICERAT GG, A7 B ] 7 LB e A [ E A T
RSP ok B i ) B e aw, st ) B M, I
25 2 U AR AL, [ s aE a6 EE DR, e T
PCD J] HLAYEMHLEL, AW TS,

1

1.1 KEEE
BRI (8 FH (0 ML PR o ok BH 8 4 A 2% 15 o R ML PR 4

PAT e R BIF ] A S R A A hn Tt ( HTM50200 )
J1 L R A RS BE 0.1 mg ) FA1004 FL
KN, FFIH VHX-1000E #5H =4k Wi R G0t 7]
HLZR AT BE H0UE S0 R4 7 00

1.2 KEITIHE

671 H o D10 PCD BRL&E ], RA4GEEH
FNT AL, HEASRN YT15 8 R 44, &RIA
RN 52%, BERLRLE R 45/55.

1.3 KT H

AL A H PCD JJH N T RAKI A . W5 r
FH R A 45 4 R 43 9 0 o 4 8000 il o - s A
90%, Hazafihi 6%, AKA N 1%, WA 1%,
HAb RS 5 2% KEARIRE BN 2700 kg/m®, W
KEH 0.14%, PLAHREEHN 10.4 MPa, HUEIRE A
1067 MPa. 56K F 894 2105 R A K o

1.4 REFER
Wit PCD JJEBENI KGR, BFSE R AT
Al A ) A B T 1 ) LS A
R T LRI S R 36 1 B T AR R e 1Y
VILIEY 8
1 RBESHE

Tab.1 Selection of test parameters
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3 12000 1500 1.5
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Tab.2 Orthogonal experimental results

P T/ (rominT") EA L/ (mmominT") PTG /mm B (]S A/ (mg - min ")

[ 52 17 F2 B 41 i /mg

1 6000 500
2 6000 1000
3 6000 1500
4 9000 500
5 9000 1000
6 9000 1500
7 12000 500
8 12000 1000
9 12000 1500

0.5
1.0
1.5
1.0
1.5
0.5
1.5
0.5
1.0

0.0055 1.1
0.0310 3.1
0.2040 13.6
0.0095 1.9
0.0910 9.1
0.0615 4.1
0.0245 4.9
0.0080 0.8
0.0570 3.8
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Fig.1 Relationships between tool wear and cutting parameters: a) spindle speed, b) feed rate, c) cutting depth



- 248 - EN TR N

201747 H

B By 7 ) 7] ELEE S R 0.0052 mg/min, /T
%5 8 41X (H 0.008 mg/min.

2.2 TJIEEHREZR AR

oY G U I 2 RO T R 4 T
AR, DUE T RS T 2250k Bl T 2 b i
MG POV S5 AR AR, AR A B
/N 3R i B N T 0 L A Y 2 e A A a5
(1) # (2) P,

S1=8.9990x 107 .y 04874 .v;xélz a8 (1)

¢ p

S> =0.8999 'vc—0.4874 . vt(‘)48612 . a144819 (2)

p

K, S FRoRpfimf) J] &, BAk
mg/min; S, F/REEFTRE (100 m) JJHER A,
A mg; AR BN A DI A B ) HLES B i 1Y
SN FRRE

Wit F ORI (1) st (2) #E7 W3E
K, K F1=22.3>F,0(3,5)=12.1, F2=13.0>F,,,
(3,5)=12.1, ks R E MR s ok, M (1)
Fi=l (2) HRTLAE S, 520w s i a) ) 2 i Ak
{14 PR 2R T A TR, T [ S 4 7 R ) L b e B R )
PR 2R TR, BALA7 s ) ) JEL PR 4 o A o e A 7 ) L
JER R S U T C, HAZ s mifh,

M 3 ATLLEH, G50 0 SR X iR 22 3
K, RFREAEA D, S8/ N Rk T &
BBRG BEAS 5, T LA X 2R 0 OG5 46 s,
AT IRZEES . (BN ERRRERAEE, ZERA
AL —E AR PE b T LA T LS 5 i A A5 T A

®3 TIREBHAMER

Tab.3 Analysis results of tool wear

PPN R] P b S, B EATR B S,
W TR AR R THE A ER2E%
0.0055 0.0049 1091 L1 09794 1096
0.0310 0.0497  60.32 31 4969  60.31
0.2040 0.1928 5.49 13.6 128506 551
0.0095 0.0112  17.89 1.9 22452 1817
0.0910 0.0744  18.24 91 74378 1827
0.0615 0.0311  49.43 41 20704  49.50
0.0245 0.0178  27.35 49 35588 2737
0.0080 0.0127  58.75 0.8 12691  58.64
0.0570 0.0754 3228 3.8 5.0263 3227
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Tab.4 Test tool wear condition
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Fig.2 Surface topography of diamond coated tool
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