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Failure Analysis of PCD Tools in Milling Ti40
Burn-Resistant Titanium Alloy
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(College of Mechanical and Electromechanical Engineering, Nanjing University of Aeronautics & Astronautics,

Nanjing, 210016, China)

Abstract: Milling experiments of Ti40 burn-resistant titanium alloy are performed using three kinds of
polycrystalline diamond(PCD) tools with various diamond grain sizes (i.e., 0.5, 10 and 30 pm). The
morphology of PCD tools after milling is observed using three-dimensional optical microscope and scan-
ning electron microscopy. Failure mechanisms of PCD tools and their relation between various diamond
grain sizes and tool wear are analyzed. The results indicate that the PCD tool life is longer when the con-
tained diamond grain size is smaller. With the mechanical-thermal effects during milling, abrasion and
adhesion are the main wear mechanisms of PCD tools. However, the main fracture mechanisms are mi-
cro-crack, micro-chipping and spalling of rake face and flank face, which usually take place at the posi-
tion with a critical depth (i.e., 2. 5~—3.0 mm) in the initial wear stage. local fragmentation occurs in
the latter wear stage. Micro-cracks are the main factor leading to micro-chipping and spalling of tool
rake face and flank face.
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BE4R 54 0. 5,10 1 30 pm (% 3 F PCD JJH., %
5 ) HL S TSR 5 R G A R R R B R B A 0.
5 mm PCD JEEE R G aNIA T o ki
30 pm f) PCD JJ HJZVRINA 2 pem KL Y 4 W A1
THORLIR A i (% PCD 7 B b8, 30 pm 4 W A7
TR AR R L 29 5 75 %,

BEHR 3 7E Micron UCP710 AL A7 55 ¥ i T
LT, FLAL R BETE R A . JIFF RS S SECO
XOEX120431R-MO7,i% JI#F4MEH 25 mm, J74%
JG ) PCD JJ B B i F 424 3. 1 mm, &% 7]
0.2 mm,Hj M 0°, J5 4 10°, JJEWJI M. J5 JJ 1
MIIAFIE 1 s Bell 7 Ko . b 3 4
WK B X PCD L 26 200 52 ) % 1) 2 50
R YVIEIE# EE 60 m/min, £ Y] 58 0. 5 mm, & ¥ F
2540 0. 05 mm, Hf 7 YI I 3 mm, K5 H, R
Kistler 9272 I J3 A3 I 4 B ¥ 7 o >R FH = 2 AL 400 b
DE AR AREN i B o R G E WA 1B N
#0.5 mm, JJHEBEEE . X PCD JJ H 47 1% Uk
SRJ5 R HITACHI S-3400N [T % 4 4 L 555 WL ¢
7 FL B 1 il T 55

(a) Rake face

(b) Flank face

(c) Milling tool

K1 PCDJJHES
Fig.1 PCD tool morphology
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Tab.1 Chemical composition of Ti40 alloy''?!
bt &R HoAfth <<
Y \% Cr Si Ti Fe C N H O
TR o/ .
MY o288 13~17  0.2~0.5  FMiH 0.25 0.1 0.05 0.015 0.15

R2 THEARKEESNEEZZRYE N FEREN
Tab.2 Physical and mechanical properties of Ti40 alloy at

room temperaturel'

I8 ZHH
W p/(gecm ™) 5.18
PAEFHR A/ (Wem '« KD 5.6
bhiss B o,/ MPa 1075
Jit IS8 B o0, / MPa 975
FE A 55/ % 8
BPERL E/GPa 104
R T/C 1370
fifi B2 /HRC 36

50 pm

(b) Magnified grains of Ti,Si,

2 BHMAEKE &S AHHR
Fig. 2 Microstructure of Ti40 alloy
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(a) Geometrical relationship of milling force

BEBIET [H /s

(b) Original signal of milling force

o1
Gl

(¢) Milling force after transforming

&l 3 PCD J] H7EGEHI#E BE 60 m/min B A GEHI )
Fig. 3 Milling force of PCD tool at speed of 60 m/min
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Fig. 4 Optical images of tool rake and flank face wear progress of PCD tools with various grain sizes
Rtk . PCD J7H 9 4 WA BORE kL B2 /),
.................................................................................... PO R P i . S WA RN 0.5 um Y PCD
JIET A E & C 7.2 min) kLB 10 pm A9
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Fig. 5 Flank wear vs. material removal volume for i AU A0 20 AR S A R . KORLEE () PCD T

PCD inserts with various grain sizes Lot oim IR 1) DRIy 23 0 R A, AR TR ST R
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(a) PCD tool of 10 pm grain size

(b) PCD tool of 0.5 um grain size

(¢) PCD tool of 30 um grain size and micro morphology of ellipse region

& 6 PCD JJE.Hi 7] 1 B 51 19 fom e 47
Fig. 6 Micro morphology of rake face of PCD tool

14 2 1 SRS 5y 7 R U 71« 3 ) R
0 0 FHBE R o ) I 348 SCHR [ 15 ~ 18 T F 52
S5 AT N T A OB EE 4 NI B PCD ARl
SCHR R RORLEE PCD J1H) 15 » 4 KA fosE F10RS 45
i Co) Z A7 A5 2 D-M-D s 540 5 /R
G NI PCD AR SR /KL EE PCD JJ A
FEAAE D-D BB L. JORE PCD JT A N T
G WA WORE 22 T /9 &5 5 56 5 558 - A5 18 ZE A6 35 1Y
Ji-Rop A T A Gy e A o 7). He . D-M-
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Tab.3 Mechanical properties of various grain sizes of PCD

material'*

FRL R SF/ pm 2 12 30
BE R R /(MN « m %) 1550 1256 1180
MR E/(J e m ) 35 30 26
Diamond

Diamond

Cobalt

(a) D-D%#
B 7 PCD JJH N E8 4 NI A Wokn 2z 8] 1 25 & =X

Fig. 7 Structures among diamond grains of PCD tools

(b) D-M-D#&
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(a) Abrasive wear on rake face

(b) Groove wear on rake face

(c) Particle detachment of PCD tool (0.5 pm grain size

NI A FE

(d) Particle detachment of PCD tool (30

B8 PCD JJH JBE ki s 5
Fig. 8 Abrasive wear of PCD tool
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(a) Adhesive wear of flank face
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(b) EDS results of adhesive titanium alloy on flank face
9 PCD JJH K45 B it
Fig. 9 Adhesive wear of PCD tool
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Wi 70 4b A7 78 B S 1 2 J2 1 R R TE O J) L4

[ 10 PCD JJHJGC & ¥ g 3% 4 B JJHL PR S 850 FE B R AE T U A R e PCD J)
Fig. 10 EDS results of PCD tool element EAENWE FRAL (2. 5~3. 0 mm 4b) & A B &5 3 7%

BRO A A 32 STHL I ST 33 B R/ s @ R RE R FOL 70 T80 sl 5 M 12(a~o) fizn . PCD JJ

— ]

53400 20.0KV 10.4mm x2.00K S|

(a) Mechanical cracks (b) Thermal cracks

& 11 PCD JJH & 45 3 B v B 1Y S 2 4
Fig. 11  Micro cracks of PCD tool

(c) PCD tool of 0.5 pm grain size (d) Morphology of cracks and chipping

Kl 12 PCD JJHJ& JJ i 458 i
Fig. 12 Damage morphology of flank face of PCD tool
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H PG 70 32 2% R A e R UITRAL . 2802
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$3400 20.0kV 10.4mm x200 SE

(a) Delamination of PCD tool (10 um grain size)
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(b) Delamination of PCD tool (0.5 pm grain size)

&l 13 PCD JJH i 71 1 #7% ¥ 51

Fig. 13 Delamination wear on rake face of PCD tools
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Fig. 14 Local fragmentation of PCD tools
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