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Abstract

Polycrystalline diamond (PCD) tools were used to carry out high-efficiency precision milling tests
on TA15 titanium alloy, to comparatively study the influence of milling process parameters such
as spindle speed, milling depth, milling width and feed per tooth on the surface quality of titanium
alloy machining, and to carry out experimental studies on the wear of PCD tools according to the
optimised process parameters. The results of titanium alloy milling experiments show that when
the spindle speed N, milling depth a,, milling width a., and feed per tooth f, are 12,000 r/min, 3
mm, 20 pm, and 0.02 mm/z, respectively, the PCD tool has the best cutting performance in side
milling of TA15 titanium alloy, and the roughness of the milled surface of titanium alloy is up to
0.055 pm. The results of the wear experiments show that the wear trend of PCD tool is in line with
the theoretical wear curve. The wear trend coincides with the theoretical wear curve, through the
initial wear, stable wear, intense wear of three states, the amount of tool wear and milling surface
roughness with the accumulation of the milling length and growth, when the milling length of 210
m, the maximum width of the rear face of the local maximum wear width of 259.9 um, and at the
same time, the surface roughness of the titanium alloy up to 0.312 pm, the surface of the small
amount of adhesion to the surface of the titanium alloy, but the tool can still ensure a certain de-
gree of cutting performance after 218 min of milling. However, the cutting performance of the tool
can still be guaranteed after 218 min, which can effectively realize the efficient and precise milling
of TA15 titanium alloy for a long time.
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e BRI, BRI R AR S U (4], RIS FLEEE R BOR [ S E e, SECT
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BLR, IMTSBOUTE W& BUBE IR S TR IR & SRR IR, LR T) B A a6 R Bk &
SN TR B, O T k& e R n CE[S].

BEXTH ATER G SN TAAERRE ). TARRITRG S I R R, SAE SR vr 2 ik, Wk JTRRZEEAR,
FEIIIRMRE R RRRZ RIIRERZ, Wb JJ RS ESR, Ra ] R HARam6]. KA £ hE
DI LR, fEAAEGOIE T ZHRmA R, kI, BOCSERBIEOR7] [8] [9]. AT R m4sH
[10]. &SR R AT EOR, s VRS TR i XS v 2T S D[] 5% . H AT UIRIER & <
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SRABOLHIURE[4], WERILFMGZE, HPALEE e T LR DI ek [13] . [ PR AR
FEEERE SR8 S B U R E R RS R R, BB RO EGE H TSRS £ TR ) H BE 35
TN T AR R R 20 W, WS TERA S Tacsd[14], RHEERES &N EEYIEIF, PCD JJA
P B R A PORG B . PUEEBERIHUBE M AE . Oosthuizen Z5[4]%} LLAE 5t PCD JJ B AN Z A8 it &4 7] B,
FEERE 100 m/min (¥ @R BEHI R 0 7] B Ay D181 RIS AR P2, #F 7 R0 PCD J) B I B A T 12
JIRFEGE K. PRI LS PCD 5 PCBN JJRLZE s ki in TR i 7] B R A B S HLE, #F
W] PCD JJ A7 350 m/min K JJ B A drfitik %] 59 min, EMIFESAE T 7] B frz T PCBN J1E (1)
3 min. FHEHH 151078 = BE M1 R YT S HO R IR FZ I s s i 28, 30F =g Be i~ 10 R 1 RS
FERLAL,

E AT PCD JJ B BEHIAR & & HIBF 7T K 2 B b T i OG5 (RN T, X F TALS 2RA 4 = 80k
EHEHIIE AL D o FFFEREA PCD JJ HLAE D) MM B 3] R AT MBS, T4 8 & R n TR0 H A
SR BV, CEER G S RS BB N TR AR ) T LAy, BERARE R TT, A RRIE RS 1 —
FHE[16]. AR PCD BEJJ%T TALS 4G &R THE B BEHI S8, X LURF 70 F- B id . BRMIIRTE |
BRI e B A UG R 45 BRI S B R A S B R T TR R, AR R BRI S RO TR A S
B I BB 45 S5 Hi PCD )L (1 BE B ORI 3R H S R AR, SR TALS B4 4K 8] 1) i 280k 2%
BEHIM T,
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Figure 1. Experimental device for the precision milling process of titanium alloy
1 REESHRESRHIZHREE

Table 1. Chemical composition of TA15 titanium alloy (%)
1. TALS SRE S HIUF RS (%)

bnis Al \% Fe C N H (0] Ti
GB/T 3620.1-2018 5.5~6.5 3.5~4.5 <0.3 <0.1 <0.05 <0.015 <0.2 R
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Table 2. Physical and mechanical properties of TA15 titanium alloy at room temperature
2. TALL SKkE S EIRYIE I F MR

P RE B (glem®)  BAMEARE(GPa)  JBARFRE(MPa)  FiRIGRE(MPa)  IE{HZE(%) i (HBS)
SHH 4.45 118 880 950 10 225~341

R BRLIRZ000, DAEAhe s N BEHITRTE a,« BEHITEE a.. BRUGHES & f, AT %, KA PCD
JIE, {ERMETIEBEBIEOLT, A LORF T DU AR AN [F) A8 B0 R A n TR T = A2, FEANBE I =80
% 3 fin. KF SEM FHfi T B ARSI TR Con TR MESN, FIFH OGR4 3D BME &4k 4
SBEHIRTHRE S, £ HSE, Wkl 77 mE N E 5 &b, U5 &L R AP EE A
SIS SRR RS Ryo

AR B N AR IR LA S BRI S8, TR & S IR % BEHI BE 1S58, W78 PCD JJ BAERE N T H B
PRI TR T B AR A H, R BEHI S HOh A 3 N = 12,000 r/min. BEHIZRE a, = 3 mm. BiHl
BEIE 8o =20 um. FFRHESE f, = 0.02 mm/z. SIS T RE AR S BRI A R 30 m B, EVREET), @
ik SEM 4 B AU BRAS I ) L R B A  BKA Shn AR T30 S T TH B 0 R, ARAE SR ) T
B RYE, 55— 5 T T4 BRI 95 VB ik B 0.3 mm BB R B R K 5 VB 1A F 0.5 mm 1E N
TIEBEEARUE[17], 1T PCD JJ R JIRIX K 52 58 2 HI UGG 55 . ), BE i ™ i, REC )= S
JITHI 25 4 ) DX 33 B A5 S 30 05 K 9 B VB 1E 0 T) BRI B s RO AL 5 45 3D R &G
SERHI R TRHLRE B, VA HELS U 77 A F A 10 Ab, BUHSF IO AR AR S 4 i hn T2 kRS 12

Table 3. Experimental parameter table of the milling process of titanium alloy

3 KEEHHISSEMISHE

s T HFEE N (r/min) BEHIAE a, (mm) BEHITE L @ (um) kS & f, (mm/z)
1 8000 3 20 0.02
2 10000 3 20 0.02
3 12000 3 20 0.02
4 14000 3 20 0.02
5 12000 2 20 0.02
6 12000 4 20 0.02
7 12000 5 20 0.02
8 12000 3 10 0.02
9 12000 3 30 0.02
10 12000 3 40 0.02
11 12000 3 20 0.01
12 12000 3 20 0.03
13 12000 3 20 0.04

3. KBERSITR
3.1 BtHISHXREAEE RFHRNTIE

R hEEE N = 12,000 r/min. BEHIVEATE a, = 3 mm. BRI 951 a. = 20 um. AR E f, = 0.02 mm/z
I, K4 T2 TR RS B A, TT9A 0.055 pm, PCD JJEEEH] TALS 4h& 4 TR H S E 2 Fis.
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B 3(a) AT AG H, BKA G0 TR RS 2 BE A 3l T i, SBULRUE I 1%, (HZ7E 8000
# 12,000 r/min Z [8], £KA &0 TR AR B A AN B B, TERF R AT, i il ok stk 45 4,
MAEAERBHAEE T, N TEREFRERATE, a8 EMER, MAEREERN T, JJES
T A B fl e TS, DI RAASRE G RO M HE e, Bl A 1) SR AR e on TR IR s T o R Y
Pem, il FAURA & BRI TR B i sem A K, SEUIRBITARE, I TREERIRS. Fitk
AIECRUEFR B 0 2 T 5 &L 1) 55 R0 1 4 o 2Rl B2 LR
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Figure 2. The surface morphology of titanium alloy under different machining parameters: (a) spindle speed N; (b) mil-
ling depth ay; (c) milling width a; (d) feed per tooth f,
2. FEIMIBHTHASRKREAMSRE: () EHILEN; (b) HEIRE ay; () HHITEE a; () FEHARET,
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Figure 3. The changes in surface roughness of titanium alloy under different influencing factors: (a) spindle
speed N; (b) milling depth ay; (c) milling width a; (d) feed per tooth f,

3. FRIFEMERZTHAEMIREAEERNZNWIFR: () EHERE N; (b) BEHIRE a; (c) HEHI
TE a; () BEHBETS,

M 3(0) T UG H, BEBEHIGRFE ap 1IN, PCD JJHEBEHI TALS $h& & R TIHRL BEE 20 A&,
e b Jm SR ETHERGRE .t TRRHIAR R N, TIREBRIR W, T2 SETARTA TR, 4
R TREEDIHIR LRGN, ARG e, KRR AR R, RIEHERE A B et Iy
FHERS, BEHIR R R AR )RS TR A ARG K, DIEI03 R, PRahnss, TR 3
PROUEEGRIG, FEUN TR G £ RN T, ORI TR E T, rEEg Ay
HIR L o

DI B8 B2 A& R I TR — N LR E, AR SERRIN T 2 b B 2% A E %34 3% 1 5T 2 2R 115 00
TIEFBRIIVIRITERE . H1P 3(c) T AR, HBEHITESE a. = 20 pum I, SRS TR MR E S
F]1% 0.055 pum, HEEAEBEHI LRI, 0 TR MEPRURE RE B sem s, TS SURE RIS, HR AR
THEEVIMITE 3G N, )RS TR A K, TR LRI, JIRPZIIHIE AR,
g )R EAR, RO A R T R EE R IR, DT T A B 5 T AR S R S BN T AR A A
g .

HiF it E £, 09 0.01 A1 0.02 mmiz itf, A& &M TREKERERMAK, HbTaiE LD EL
g, K TIN TR TR HURIR S R KA A D) I S sh IR R, A5 0 TR ARG s T BE A 6 A
R NSE R, TR I AR 2 N, ET) RS TR R O™ AR T 2 T EI A, ik
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Figure 4. Theoretical wear curve of PCD tool
[ 4. PCD 7] R iVER1R R IR Hh 2k &l

MR (D) THEAF BB HISLIG 1) 7 AP B BB 2, Wl 5 Bs. [ 6 ARG & BtHld f2 4 PCD T)
BB MEEHIHK LS 30 m i, PCD JJELLHIEG &M EBHUEZ A 0.570 pm/m, B& & TR
60 m. 90 m i [ EEFRIE R, L 6(a) 1A 6(b)H PCD JJ RS, nIABIAEHI 30 m & )5 T H
PSS B, D)1 70 EACH B R T R R g A Hh i e AR DR O 70, G B R AR 70 R R R B
%, BIGIN A TI BAEFHIKEE 0~30 m 4L T 7T B I BB BUIRAS « BEHIHKCFEAL T 30 m £ 120 m B}, PCD
T B R AUEAE 0.44~0.60 NI Z), (R JJ L f5 0T (14 S K B 4 08 JE L E P e i 3 1, ) L i) S 45
Wb T —MRE BRI B A 6(c) M 6(d) /TS, AHLL TR, JIEEEH] 60 m 5 Hi B EAL
PRELS, KE/NEURSMYIRET EIImE L, MEVIHKER R, JTJRPRS BRI R EERDN, TR
J& JITHA RHEE ARG B2 BT Tk, BT AT B AR S8, 75— @ P2 BT I RI%E . 48t
MK EEIA ) 120 m i, T E B BERRHE RN 0.692 pm/m, 5K 90 m I AR HL BE R I T — AN/ Mg
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Figure 5. Curve of PCD tool wear during the milling process of titanium alloy
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Figure 6. Morphologies of PCD tool wear
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Figure 7. The machined surface morphology of titanium alloy in wear experiment
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Figure 8. The machined surface roughness R, of titanium alloy in wear experiment
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