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Evolution of surface and subsurface properties of coated tools in high speed
cutting of GH2132
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Abstract: During high-speed cutting, the changes in surface properties and subsurface stresses of coated cutting
tools directly affect their cutting performance. High speed turning experiments were conducted on
GH2132 high-temperature alloy using PVD-TiAIN hard alloy coated tools to study the changes in tool
surface properties during the cutting process. Raman spectroscopy was used to measure the residual
stress distribution on the sub surface of coated tools at different wear stages. The results show that
during the complete service life of the cutting tool, the residual compressive stress and surface
microhardness both show a trend of first increasing and then decreasing. The residual stress in the
coating is mainly residual compressive stress, which gradually increases along the depth direction.
However, when the wear reaches the later stage of stable wear, the residual compressive stress of the
coating decreases near the substrate. During high-speed dry cutting, the tool has the best surface
performance and the maximum residual compressive stress on the subsurface during the early stage of
stable wear. At this time, the tool has the best cutting performance and slow tool wear.

Keywords: residual stress; surface integrity; coated cutting tools; GH2132 alloy; dry turning

GH2132 &4 =—MINA Mo, Ti. Al. V &4 FZEPRTHREM R, n RS & StaYE 3L EE &
i B ZEA AL Z 5 1) Fe-25Ni-15Cr JEUTIE b A4y &, WHTHEEMT 650 C KM TAEM & iR& S
WElna4, WHAEBREMNEOmEMmeE, B 3", (HHRGERE . T ™E, 8 T

AR HRRERLSTTH ( ZR2020ME156)

é@ﬁ JIERSEY Y . 3


https://doi.org/10.19287/j.mtmt.1005-2402.2024.03.004
https://doi.org/10.19287/j.mtmt.1005-2402.2024.03.004
https://doi.org/10.19287/j.mtmt.1005-2402.2024.03.004

t’]ﬁ']»ﬂ: Cutting Processing

202455388

AR, DRI K RO IR
JVE B AR TRCRAR, 0 T 3% 1
225, PVD )2 1 BRSO v 2 B 5w T
o R AN RS, RSk T RIRS S
% ) |

FEDHURE B | 2000 I AT R R T Ak AN L A
FMPERE R ] B AR Ay p oG N 2%, R kRS
2350 J1 BT 1) i R R B, SR I GRS B 5
T HL it B e B AROE, TRE SR AN ST KNS
YA M MR R, SRR ] H
PVD )2 5 K- BB A TR 1T LA 2440 1) 7= A=
KA R H AT 3 vy 00 Rl B R S R, H Y BR AR R Y
F1#E I A 2 S B8O E B MR ALTY, SR
JE T ELA R . RS VR 2 TP A SR AT 1 43 A mT DARR
Wl JZ IR Y, T2 = AR ) B Pi b L bt
Wi BE 1 DL R BRI S5 A 0 SRR A ) B
i Eaaii

AR A = T AR 12 N T IORE
sy, RO HEA PG i S b o
BRI, Wz N T IRE R G R RR A
FIIEEY B AR AT I T B Z VR T 1)
I AX IV 11, Bernd B 2512 ] FH L2 ik vk i & T
T A &2 BRI TIAIN WRJZ W 5R AN 1504, B
TR R S5 AR N JPREZ LR ; HouM D
AU 33 S B B G A T T WC-10wt%Co FE A I
TIiAIN IR JZ VR D7 10 W FR AN 140 Ai, k& B 4 1)
5% A% RN 71 0 AR AR W0 TR E h el PR
Tanaka M 2" S@ b i @ i AN E T RS 4
AR | ¥57E EB-PVD 4mol% Y,0,-ZrO, # & 14 J2
(TBC) HIFRAN J14347 5 Qiu W 5! FI| R =i
WG T 22 )2 W IS TR R 32 7 1) b A 5 4 7 7 1) 43 A

H i N AMIF ST 22 A e TR 2 AR AR N X TR
JEVERE K] AR A ar i m = % S PR B0l
T2 R U )2 R 3 T AR A T AT AR AR AT . AR SCaE
PVD-TiAIN i [ & 4 0% )2 V] H X GH2132 & &1 &
T EHRE, b ) BLAE S E Ay ) S ) Y
M Pk R K R R R AN 14 A B AR AR LA, AR
Ji A& URE ) B 4] GH2132 & 4 $E At H s
22 MR AR 4

1 K iEit

11 THHRS TR
TR LA B GH2132 BUBRRE, T

I

1 $90 mmx300 mm, H: 32 B EEE E KAk 2 443
MWL 1R 2,

1 GH2132 ¥1TE &k

B PE/ (kg/dm’) | BB 98 BE/MPa | i AR 58 B /MPa | ¥% K i £ /HRC

7916 930 590 36
F=2 GH232 LEEHS (%)
C Cr Ni Mo Ti Fe A

<0.08 |14.0~16.0/23.0~25.0/0.5~1.0|2.0~2.3| A& & |0.10~0.70

B Mn Al Si P S

0.001~0.01 <2.0 <0.40 <0.50 | <0.03 |<0.02

JJE. 2k Sandvik 2 F AR AR A AR JZ T H.
5ok SM1105, AI5h CNMG120408, % PVD-
TIAIN &2, PEJE 3~4 um, BN A4, it
55 BT JIHF 2 ) TCLNR2020K 12-APT, 71 H 34 £f
&K 95°, Hifflv. H6°, JEfia,h0°, JIHiffiA, 2k 0°,
TI1J242 0 0.8 mm.,

12 KEAHER

TE g FHE CK6140 ZHE ALK b3k 17 m ol 1 2
B, AR 0 3 00 i e I S8 WIENIR
a,=0.1 mm, %5 #2458 £=0.175 mm/r, YIH| HE
v=120 m/min. YIHIIF WA 1 PR

_ Tff GH2132

B 1 aHssE

e RO 200 B4 o Be kA7 e T OO, R
PR B4 B e M AR B B AE N 1Y 6 ZHAE i, O[]
5 B Be ) B i Y e ) T R a1 2 s . DD H
ShERUE, RIAS R B 5 B B 7 LS D TH Y 2R R A
N 3 B SRR AR AR N ) oA . SRR R
BERE . RIS, A AL .

1.3 K 06i& & Rl 7 %

YIS 0 J5 0 TS 40 (ELE 2:F USB2000 fifi 45 X
T B . UHRIEES NG, KiR)ZE ) Bl
i PL-S40 %Y 75 3 PE % PE 17 TC /K £ W8 75 % 0 Uk

Iy A& 8110



202455388

Cutting Processing t’] ﬁ"]mnI

30 min, i DSX1000 %Y 3D HA% o v es i+ ) A
Jii 70 T 2 T MRS B, lad HSV-1000A Y i {3 4 G
s P I e ) T e

0.40 -

035 | /L
i B .
w 02| ///} “hre

/
£ o2 A 1%%%&%&5%
= Y Basi 1 B )
R P s st Emom
000 L JormpEmm R
0.05 +

0 1 1 1 1 1 1 )

0 100 200 300 400 500 600 700
DIHIK JE/mm

B 2 J1 R4 B B 5t i 4

i FH 4 WA 8 482 R I 0 J2 0 L3R AR 2R 0
JZRy A, R F DM320A B k482 DI EI WK JT 241
E T AR L KRS R A B i
i £F MP-2CE %4 4= [ 2 & AH R i ' iF S L agE A 7 A0F
JEHIEE W1.5. % ] LabRAM HR evoiution %! {5
PGS 5 U 2 R A AR AT ZE 7 W A S
F 3 2o T 45 il R SR 4R D QAR F ) T U0 0 0 A7
(AT 2 28 T SR T i 2ok, s (1) iHE
A5 B4 J22 3 AR A N 7 B R AT 5% A% 1N 0 43 A

Av
=17 (1)

X o WERRIL T AT ERS s TR R
2 REERSH

21 JNEREMEREE

I 2 i v T L TR RS (14 738 £k ik 28 an &) 3
fiias, AIAE A VIEIHC BE R3S n, J1 RS JT T
B B SR/ Ky, TR, J)
H5 TR GEA, DI A R, MRS B
B BIRRE BB Bewl ), BLEUIE] B e e
I B YT B 2808, RIHEBS RN . BEE 4
HIR AT, WRIZB W, FEARRPRYS 2, Rl
B BE 21838 K . B 2URI S B B ) B TR )2 AR R
%, EEDIBEIH R, HEARERER, 2 BN AL
AT ey, REHIMKERNEEL)Z . WIERIEER,
S THIHELA B2 ORI R
22 RERERRKNEA

IH b 72 v 7 5 3% 1 5% 4 1 7 A8 At £ an 141 4
Jiw, T EAEREA DI E G 78 v 2R 1H 5% 4 ) — ELAb

Iy 4L RE

a

TR (T ), HARSE R I KA ar il e 3k
T A% T 7 3 B2 18 R — I/ N—H R

32
2.8 + /
g
€ 24l ¥
= : / -
= 20}
g \\\i
®
1.6
12 " " " " " " )
0 100 200 300 400 500 600 700
YIHIHE S /mm
Bl 3 J7 R TR B2 I 1) < B e 4K il
I HIK JE/mm

-1.0

-1.5

-2.0

-2.5

-3.0

KA R ST /GPa

\/

Bl 4 77 ST BRA ) BB I B A 4 i 2%

IH 3 72 v i 2 70 HLBE R 2 LA 287 FN B2 o
WIS HAEF, FRAHIN IR T ek fr, SRAY R 1
VR A . AERTIABS BB B, TR VTEPRSA
FeoE, VIH ek # v ) Bz S0 MUK A i 5 20 ks
U2 Z IR A = A SR AR Y, SR B 2R Aoy
SIS & S, REERA RN ) 53
W, BIRCE BB BRI, UIHPRAESR e, R
FRARN SR . DIEIS B34 in & 500 m B, &b
TROEEMR B I LU AR £, 2K
e VIR BE RS2, I R S M AR R 5 32 R
I, FRAYFE R 77 AR A K77 A B 7 o 1 4163 30 43
FRAYIEN 71, SEURAEN 1 W0, 3 S
PR Bk, T H 5 T mESUIE, YY1 N
625 m i, J5 )T S & A 0.364 mm, 3z S A
#E, JIEAED, JTHEADIEERESW AT E, J1 R
Yl A Az B KU ity BRAYY S Z 2L
o B2 A A8 R F- AR AT, R R T R A R 1 ) 2R
HK.

23 BRBEXREEHRRNA
231 RESUREREHRAR N ]
& 5 JE 7 Sk oA BB bt ) HL TR J2 W R T BR A% L T 4%

« 33 .

0 100 200 300 400 500 600 700
-35F

—4.0



DEIDDIL cuting Processing 202455534
B, s il IR 2 R4 N 1 e

LT FIEREHRR REEGINE) . ERT% L5 B %
A2 S AT i K BR AR ) (TE(H) 4 0.5 GPa, o |7 REEmRE
TN RATERLS) (5, AT D55 = _ e
ARIRLIT s TEURJZ A AR AR PV I £ A 2% ] ST

T 70 S PR 1 40 2 DX o 5 5% A FE B .

A B K BIBR AR J1 H—6.2 GPa, )2 3 1 1

FEAAR BB 7] - 298 —2.4 GPa 3% K #]-5.2 GPa, 9 03 o s 20

ﬁ.fbv:‘ Y“

%ﬂi.‘u

I um

[ — 3 L L —— ]
> Q> > > > > D > > >
/bqu/sbe?»%&/m-“oq/ﬁfgqAPOQ /\?’GQ/@OQ o B?’OQ

B 5 RESIAEREXRERRB 446 E

U2 SR AR N 7 R 25 A ) RO, T 2, 4
RN 3 S U A AE DU L R v v B ) B SR B 5 RS 1Y)
ﬁﬂﬁﬁmﬁ%@ﬁ%ﬁ%ﬂ%%%ﬂﬁﬁﬁim,

SR ) SR PR B, AN T o 3R
ﬂumoﬁfﬁﬁﬁ X W 9 DA T 3] B A 32 498 331,
Y A A AR 2 P o A ) 67 A 2 Hﬁﬂaﬁi
SRS R ZEHIR ) (BRARTERN ) 8Ok, T
JERL RS ERAETPTERZ 5 AR R At .

232 AFEESEBORZ R AR )

6 Itz S T U0 254 A [ B 450 B B iR J2 Uk
RGN 15040, AT LA B AU R ik
JEREETT 1) 5RAR L ) 3 A AT A s, 4T3 DA
F BN BB WG W) B B B 7T B 32 35 40
AL AT iy, IRJZ R I AE AL M I 3 3
JERL IR, A8 B A5 I B i 4 X — g itk — 20
PR, WHIRIZA B RA R I E . BIF 8 B By
&F%Tﬁm%ﬂ%@VWQMTgwﬁﬁﬁﬁi
PORPEARIE , W TR 2 IR R B T A
ﬂﬁﬁ*,ﬁ@f%&%xﬁ&ﬁﬁﬁ%&%%,%
EY e/ = R TS e S N A WA X N EIL 3 7 S A A A 1
BRAEN ST~ S48, PR P 40 01 4% J2 i 30
TARKE B A IV T VAR ARG N S TN 17 1.1 GPas

WA R B, U R e LA AT 0 TR R R
[OEDATBE S A TE 20/ N 1528 = PO RZ == S i
FEARA B BT AN R B

. 34

R/ um
Bl 6 7[R BB BT B3 B R T R AR N ) 4

24 TIEXRERREE

JIELJ5 T TR 04 T S AR R U0 1 R B AR Ak
MK 7 oo, 7E5eHn 1 RGam %@W;ﬂ%
BRGNP R, T A R S R R AR TR
T2 IE H B oG EIT%%mﬁEMm%ﬁ%
A 119 2 11 5% 4% N ) B KU AR Sk 1B 5 .
TEVV S B, W2 N ERAR RV ) B3 R 80k
A S R Bl 2 K, TR AR B I B B S IR B N
BR AP I () 7 A T B0 T R R BT R R . A
SR EEBY B JE UITHI K B 43k 3] 625 m, IRZE
()75 5 BT EI T BT AR 58 4 R iE AUl I
BAF 424 25 T b B 5 6 A 2 30 T HL AR A s

3200

2800 |

d -
\\

(S}
IS
=3
(=)

I AR EHY
S
g

1600 |

1200

0 100 200 300 400 500 600 700
I /mm

Bl 7 ) EL T S04 P 0 K R A il

(1) fER T AN B, J) SR RS B
S K5 DR/ R AR, RN ) AER T
T RRE B R E OB G, SR S R S RN R

(2) JJHRZERF MR AN I VAR 18 &
HON R B ARG R, X — BT fa e B By
B MR O, B E BB B, )
HLAZ PR 1) 520 T BOR A S R B AR R R

Iy 4L RE



202455388

Cutting Processing t’] ﬁ"]mnI

JO7 I3 AT GRS IS R S i/ T 1.1 GPa.

(3) IR T E A1 B v 3% 1 P RE 7R A [7)

BT BT W, AT HARBE B B, JIHAERRE

VR A0 B By 400 A e £ Y 2 T 1P B % e A T 3 THI A

RIENE ST, Semk T BTV RE R A, T HE 18 .

& £ X M

(1] 25, Al T, 45 U555 GH2132 4 4 B A8 i AL Ptk 2
BT (1], MERBT SR, 2011, 23(S2): 44-47.

(2] A2 4%, vk, GH2132 Btk iy A 4 R BE W /s I 00 FR AR A,
2017, 23(2): 50-53.

[3] HZEME, El4s 5, B4, 5. GH2132 @il # N AE R S 26 Mg 5
Johnson-Cook A< #4154 7. [J]. i [RIALAR T 74, 2022, 33(7): 872-
881.

(4] E %5, Moede, X1, 45, (Ti, ADN+TIN %28 54 4 7] B T4k
i e S ERHHLI AT [1]. THAR, 2020, 54(5): 3-8.

[5] Giovany B, Bida I S F A D, Fernando R V, et al. Evaluation of high
temperature corrosion resistance of CrN, AICrN, and TiAIN arc
evaporation PVD coatings deposited on Waspaloy[J]. Surface & Coatings
Technology, 2022, 438: 128398.

(6] #$2m, REOEH, 22K, 45 W UMb ab BN DI HI TC4 32 J] Ak
T 56 2 M K U HIPERE S W [T]. B4 RE 7412, 2021, 35(16): 16086-16092.

(7] PR F°, FBOLHI, [0 4, 55, BUOWERb AT AL BEXS AICIN ¥R J2 U1 B3R i
SERAMERYRE A (V] HlE S A SHLUK, 2022(1): 103-106.

[8] Skordaris G, Bouzakis K, Kotsanis T, et al. Effect of PVD film's residual
stresses on their mechanical properties, brittleness, adhesion and cutting
performance of coated tools[J]. CIRP Journal of Manufacturing Science
and Technology, 2016, 18: 145-151.

[9] Herrera-Jimenez E J, Vanderesse N, Bousser E, et al. Fracture mechanism
of TiN coatings on Ti-6Al-4V substrates: Role of interfaces and of the
residual stress depth profile[J]. Surface & Coatings Technology, 2021, 426:
127747.

[10]Abdoos M, Bose B, Rawal S , et al. The influence of residual stress on the

Iy & 8L 1A

properties and performance of thick TiAIN multilayer coating during dry
turning of compacted graphite iron[J]. Wear, 2020, 454-455: 203342.

(11]wh & 5, JkAR, F T JARRIR)Z B AR T 1 B 26 ik M B fE 4
Br [7]. fiias 2441, 2012, 33(2): 369-374.

[12]Bernd B, Nils V, Marcel D, et al. Residual stress measurements in PVD
coatings of carbide cutting tools directly in the cutting edge[J]. Defect and
Diffusion Forum, 2020, 404: 61-67.

[13]JHou M D, Mou W P, Yan G H, et al. Effects of different distribution of
residual stresses in the depth direction on cutting performance of TiAIN
coated WC-10wt%Co tools in milling Ti-6A1-4V [J]. Surface &Coatings
Technology, 2020, 397: 125972.

[14] Tanaka M, Kitazawa R, Tomimatsu T, er al. Residual stress measurement
of an EB-PVD Y,0,-ZrO, thermal barrier coating by micro-Raman
spectroscopy [J]. Surface and Coatings Technology, 2009: 657-660.

[15]Qiu W, Cheng C L, Liang R R, et al. Measurement of residual stress in a
multi-layer semiconductor heterostructure by micro-Raman spectros-
copy[J]. Acta Mechanica Sinaca, 2016, 32(5): 805-812.

[16]Grég0ry A, Eric C, Jozef K, et al. Review Article: Stress in thin films and
coatings: Current status, challenges, and prospects[J]. Journal of Vacuum
Science & Technology A: Vacuum, Surfaces, and Films, 2018, 36(2) :
020801.

Fo— Ak %, 55,1999 F A, AR A,
HRAGART IR RAGRENLE N EE
B ARYEHF R . E—mail: 2178709878@qq.com

BAZAEH: AR, F,1986 F £, W+, @k,
MR emAkt s ERRKE KL, E-—mail:
zhengguangming@sdut.edu.cn

(%% F #)
(ks B39 2023-11-16)

X EHS:20240305
ASRIEA TR ANEE, B R SEN A B AR PR ALE.


https://doi.org/10.3969/j.issn.1004-132X.2022.07.015
https://doi.org/10.3969/j.issn.1000-7008.2020.05.001
https://doi.org/10.11896/cldb.20070196
https://doi.org/10.1007/s10409-016-0591-1
mailto:2178709878@qq.com
mailto:zhengguangming@sdut.edu.cn

	1 试验设计
	1.1 工件材料与刀具材料
	1.2 试验方案
	1.3 试验设备及测试方法

	2 试验结果与分析
	2.1 刀具表面粗糙度
	2.2 涂层表面残余应力
	2.3 涂层次表面残余应力
	2.3.1 未磨损涂层次表面残余应力
	2.3.2 不同磨损阶段涂层次表面残余应力

	2.4 刀具表面显微硬度

	3 结语
	参考文献

