LI ¥
iﬂ‘ﬁiﬁ COVER STORY

HEAH MUINIESRA SR
N1 ks

REAME, RBA, EHESE, XTI AT, T2 A4S

(CARERIRFSHAN AT LB RbFIRA T EELET A /RIE 150080 )

[(WE] 5B 28R TMEMRFAMR, £ —F oA eGEm T4, PCBN 2 —F 77 LMA, Em T
2B AR T A2 B R A E T L BRI EF AL BRI AR H g R, RS A R
WA &, FHaT BB, ARG EAFRTHNELEASHEAETEEL., BAELIHEAFT
TNEFARR, A GHEANT LR TAAERER AL, LARAARAT &, S RESZEM4 08 A E
Fad2p B F 89 71 BB ) oA AT A B4 BT, AR B Bl AR 3T 71 BB Ay 40 R AUAE . RS AT B R A 9K

B, 5 AT¥aE) A\ 71 B 5 Ty o A B 7] B A AR RACHLAE, A & A AT @ R L% i A e 7] B ARALF A — R B

R AR

XKEIF: M A5 A PCBN 71 s AIRTAT A & /RAHF; SRsds
DOI:10.16080/j.issn1671-833x.2019.23/24.026

S HHHE

B, 8% ARAEAEEVIH
Bt RIES BN IHE S RIHEIE
R, EHEREREANZES E
RAHBERET.YEANREHARE
A EH. FEETEESERHATE
10 R, £ R 20 £55; FEHE
REZE RBHH S ERIN 10 RI, K
B FEERTILAEFRITE,

Bl L2 AL R = ek % 2
XA MR, R R IR A
SRR HARNE U mEEE S
SRS R 50% DL b 7RI E
RBCE R TR T R AP
PERE AR B Btk A8 P SR, MG
S W REEL i ARG v AR TR K
P AR 22 54T, SR YR
JERRYIHN 7 .

PCBN JJ H MR A ) HL
TE NN T8 R A 4 i AR S T k2
Fa bty Pk aiae ioe Y. He
A 470 4 8 DI S5 LR )
AR, PCBN J] ELAEVI | S ias
Gr it AR R 5 7 A T) B R RN Y 4
HSE PR G RN I 1R T o
FREAR N 12805 0,

CEETH: [HEARFE
(E2016043 ).

26 st hlE A - 20194556285 5523 /2410]

e RV ANFE DT H n 1 2 R
RIRHIEAR BRI HIR T 2 —
JE 7, RS s 5 2 ) 2ok A rh
fi XS A S N LB ot B D
B, T4 e A4 20 13 1 o
AU TR, A LB & R
BT U A A AT 1 2N )
AT, R R ET VTN TR,
AR

FExt I BN T, E NS ik T
THSCHISY  AH H T 32 AL A A
YT HLAN 7 FR 3 AN T —
AR5, Younis 25 PV BT ARG
T3, ST TR TR A ) HLALR Y, )
FERS 7 TSR i 5 % BB
JIHE SR ) Hih 2 Ab 3k 2 iR AH,
15 B R 48 1 T2 AE T H AR s )

g R B0 A (51475128 ) 5 BIETTA A ARG R B0 A



COVER STORY iﬂ‘ﬁiﬁ

JH; Lasukov 2 " B 1A
P TCUR Z A 4 JT A AL
TiB, fl Zr %0 &R, 45 R XKW 1 1F
NG E 3 G Db R LR
B R/, BTz T 7T AT, BA
25 7] H#% s Alsamhan % 'Y SR
A BRI X g4 7] Horp e A AL
B — IR AT T R TR I R
B At FH U7 IR B BN ) I 2 R, AL
PR 752 VTHIE 2 45¢/)y s Uhlmann
A ULy BE T PRI RS AR Ak S 7E T
K& CVD & NIA Z T2 5
BIFR AT, iR IR 45 KB CVD 4
NI R 2 T HL B 5% 43 10 ) REAE TR 4
oAV, AT IE S T L il
MFrs S " WoarFah )2
A BEXTY g v i B Ab ()32 Bl R
AT T 05 BB A #r , 25 2R 3 B
J153 A bl )R Bz B DL AR AL ;
W5 A5 U R AR s K S ) )
AT W 2l ok FR g AR A LA, G
W 5% & BRAE W Bl R A/ INE, U 3l
XS T1 HL N T s i sy R
ML U SR A BROC T 1R i T
IR X S TR N 7 5 e AR &
SRR ) HLUR 2 R A 5 22 U I
SC A AU E 2 N

VL b [ N A2z 3568 70 5L g i
1T TS B2 R 280 & FLDTHI 5%
R BER 2 TN 1 48T R v
HI'F % PCBN JI L 54,
UEAH I = TRV )R DI S iR A 4 )
ELI T3 43 A% e DTV e AT
FERAE R R Y, ARG
S e RV ET T EL RS R4 )
FLR 705 B BREAS [FITEDE = )
HI ZECRS A 1T W J1 50 1 53
A AR, I HR ke i) X%
{5 B RV T I, A R
TR A SRR AR

BELHTNIARNRR
s

F H Younis % PV ET S T TH

RIS AT R

Om= L (1)
Topr = 25

" cos&’(l+2)-awL (2)
om=2F,/H (3)
T = 2uF,/H (4)

1% B BA T 2 9678 0 3
BEFE AT, PP A T OTH) ) 263028
2 0 TR R

Fx = 1258.93 v;0.0754f04385a;,08 ( 5 )

f0.534a 0.562 ( 6 )

p

-0.121

F, =1862.09 v,

F. =2089.30 cho.165fo.645ao.s41 (7)

¥ B9 OTEI ) 2256024 5003 5
FRAKCD)~ (4) v, 75 21 e v 20
N IJHERL TR R -

-0.165 0.645 0.841

4178.6
o= 8O T4y ()
aywl
~ 2517‘86v;0.0754f0.385a 1).08
o = (9)

cos@(l + l—lj ~a,L
L

O = 372418V, 170 (10)

-0.121

T = 3724180, £ 6 (11)

K, 0, B 7 5350128 T ELHIT T TH B
KRIEN ST I KRBT T 5 0 B 70 53
DA SERANT S I NTAN VAN SN )
Wi )5 Foo F, FF. 5y BiJE k4 g
YIGBT 1 EYIHI I3 a,, R UTHI v
BEs Lo J] - JBHEEMACEE; 1, T -
JB BB X AT ; 0 M PIE R Ty
) w )G T E I EER R A A R
J TV BRI s v a, . 5
VI E DIRIREE 2hah it
RELHTARTHERAR

1 TR ARMERE
o(&"e.T)=g(e")*I(£)*O(T)(12)
Ao, e EEIMEN AR & B ARR; T

I ;s o (&8,8,T) BN FT eREL
g (&) JENBsR AL R I (&) A

FIEBN BB O (T )Rk ek 88
P ARTEA PR, AR & =P, ]

1

p \7

g(gp)=60(1+8;‘"j (13)
£

0

K, 0y n. & F el 4390 R0 4R e Al
W1 AR TE BB 2 2 YR AR T
1N ARE

PAERAL PR, U T< T, 0
O(T) =c, +e,T+e,T + eI +e,T +e T

(14)

WRT= 7T, 0.

TT] (15)

melt L cu

mn=wm@

K, o 8l o W2 B A R
Tose 1 Ty 50 A SRR L E T FN1
TRIRE

N AR SRR, QN & < &, M)

1

I(é) =(1 +?le
N

ﬂn% é>ét’)r1IJ:

1 It
F(g)=(1+‘?j Z(H‘?f] o (17)
80 80

K, & A&, 3 B oh 225 YRV N AR
R IO AR 6 22 ) e A B AR B I A
WA, my . my G350 Ry e AN AR 232
EY
2 YIHIM I E#&REE T

| F Third Wave AdvantEdge
B 7 7, PCBN J] HLUHI B R4
& BR oA R Tk ) H i RS
9 CNGA120408T, JJ H b B} ik #%
PCBN % F#1 R, T AR K5 N
Inconel718. A FRITHEAIWIE 1 fr
N, SR R 152 1A 00 S A7 2 110
058,78 x 7R y 7 16 % B A 24
H B E WU T AR R BT IR
20°C,

R R HIY) )5 E B I T
{5 BRI e s Y R rp, A A
WS HOR B AR, S Hofn
BRI

(16)

20194F 556245 5523 72410 - LArhEER 27



LI ¥
iﬂ‘ﬁii?‘ COVER STORY

Bl 2 S H IR ENBETY R T A,
g AR, B BN AR R,

(X, Y, Z),

1o R HUE K A8 T 1A 20
TS = T ) TS V) E 2 8] TR ERS
HI v B B, 3 PR R SRR
BRI R B B B S8
R AR RS A AW
BX, V), 7 AT R A v

BT EA U B .
_9
V= S (18)
ﬂd2
S = 1 (19)
o, 0.8, d i e I BT

ATy AN RRER
3 BEAATIAENNFEER
S
&l 4 & v=160m/min . ¢,=0.4mm
A1 f=0.15mm/r B 5 L) H A D)

Third Wave AdvantEdge
6

5

4

Y/mm
w

07 % 8
X/mm

WIS 104G L 18 4 (a).(e)(e) 4y
A E RO R 7 HA Mises b 7
R BN 7 IER 1, B 4 (b).(d)
FCE) 20530 ks DT F /9 Mises L
F1 KB S ER 1. ATRIRA L
3 P eV AR A R S R, FF
HL ) 77 5 3 iz ks, e
Mises b 19 B X 5 1 B K, Bk
1E R Y WO B /N, RS I
I 25 A 1 T 5L 3 /N5 BT )
F AN OPAREN T

KIS (a) M A HT ) HT
JITH A N D7 40 A FLAE, AT, Mises
DAL RS N L N SV ik 1D
() SN NS | e e S N AN ]
e F RN B /N R U,
HAS ) B R B 7 RN T, R
SR/ NERTEREES T4 0.06mm
e ) — T I A Ak DI, F R g
SURIE /N B KRBT 1T T

1 ARTER

Fig.1 Finite element model

Ve
Heat Flux (¢ )l
\

) Workpiece

-

2 BHRARETRERE

Fig.2 Schematic diagram of conventional cooling model

28 WisEHIETEA - 201945 625 5523 /2410]

‘ Workpiece
)

3 BERAREESREE

Fig.3 Jet diagram of high-pressure cooling model

R 2Z 8], AR R AR X R E , A
ARSI E N . FERE R TR
0.16mm A5 3 Fi; &R i F P-4
IRAS, T K A AL 2 T

5 (b) HMEERET I HE
JI T 5 I 43 A A, mTAL, ST
T 0, 7 314k A8 Ak R MR L, S 0 T AR
A AR R4, Mises I 7 5 32 W s
AN ER N IR SR A KT RS2
1 1602.38MPa ; f5z KN ) 7E IR 5
J14R 0.04mm 2 P9 /0N I BE K, H
4473.63MPa Ji/NE 17.89MPa, I 55
JI143 0.04mm Z A 07 B T H Y 77
JUTF N2 S KRB N S FE I 85 T19R
0.02mm 44 Br b Ft, Z )5 bifi 4 R 2
(A SR TR N

Kl 6 A 7E U] Hl 3 & v,=125m/
min. #4511 /=0.05mm/r B}, Y HI| R
X 71 HL N 7 4 A A Ak R Y 5
M, 6 (a).(b).(c).(d)silE
PIHIEE R 0.2mm .0.6mm. 1.0mm.
L.4mm B9 7] HL 0 I3 0 A .
7 R YTHITR X ) 2 Mises W J1 5%
M 1 2% A5 A0 L, BT 60 Bt DR
RTS8 T ] ELR T A E ARG K
SRR BT ST E
T 1.0mm 2| 1.4mm 2Z [8] i, J7 H W
51 BT, B 3400MPa bt E
3700MPa.

&l 8 iy v=125m/min. a,=0.4mm
1 =0.05mm/r B ¥ H) F 7% 71 5
1oy A AL e, &8 (a),




A Y
COVER STORY HEIE‘

(b)(e)(d) 4B HE SR HEJ R 5MPalst JJE W &/, HE S a3 KRN, e —E %
3MPa.5MPa.7MPa 1 OMPa i (19 7] FHiW J1 {8 g 3400MPa, ¥ 21 1k J5EEN, T 7155 T - AR
R 104, B9 RERHIEIIXTT] OMPa B JJH R i R, Hn i BPER, AR08/ IR vt AT 98
FL S m A A8 40 18, Al A4 3800MPa, JJEL FIIFA BB Y NJTEN T,

Third Wave AdvantEdge Third Wave AdvantEdge
6.0 Mises Stress/MPa 6.0 - Mises Stress/MPa
2500 2500
3 2000 31 2000
ol 1500 sol 1500
> 1000 : 1000
933.333 933.333
: 4sr 866.667 e M7 866.667
E 800 E 800
= 401 733.333 = 40r 733.333
666.667 666.667
3.5 600 357 600
sol ‘ ) 533.333 I 533.333
1 1 1 1 1 1 1 1
10 11 12 13 10 11 12 13
X/mm X/mm
(a) HHLYIH] Mises hj 7] (b) = YIHI Mises J JJ
Third Wave AdvantEdge ) Third Wave AdvantEdge .
6.0 - Maximum Shear Stress/MPa 6.0r Maximum Shear Stress/MPa
1000 1000
50 825 5.0r 825
7375 7375
4.5 650 451 650
40F 562.5 £ 40 362.5
§ 475 E 475
~ 351 3875 ~ 35f 3875
300 300 30 @ 300
251 251
20 | | | | , 200 1 1 1 1 J
10 11 12 13 14 10 11 12 13 14
X/mm X/mm
(o) H DI H KBy R (d) @ EYIE R BT R )
Third Wave AdvantEdge Third Wave AdvantEdge
6.0 Max Principal/MPa 6.0 Max Principal/MPa
55 500 55 500
i 363.333 =T 363.333
226.667 226.667
>0 89.9999 0 89.9999
—46.6668 —46.6668
T ~183.334 e T 183334
E ol -320 £ .0 320
i 456.667 = #0r 456.667
-593.334 —593.334
35r -730 35r ~730
306 -866.667 30k -866.667
1 1 1 1 1 1 1 1
10 11 12 13 10 11 12 13
X/mm X/mm
(e ) H DI K IE R 1 () DA B R IE R

4 ERVHIISEDEIE S HE

Fig.4 Stress distribution in conventional cutting and high pressure cutting
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Fig.6 Influence of cutting depth on the variation of tool stress distribution
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Study on Stress Distribution of Cutting Tool for Cutting Superalloy

Under High-Pressure Cooling

WU Mingyang, WU Shujie, CHU Weixu, LIU Keke, CHENG Yaonan
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Harbin University of Science and Technology, Harbin 150080, China)

[ABSTRACT]

Superalloys are widely used in aerospace and other fields, and are a kind of typical difficult-to-cut

material. PCBN is a kind of superhard tool material, which has excellent performance in processing superalloys,
but there are some phenomenon such as tool wear and serious damage in cutting process. High-pressure cooling is a
new cooling method, which can effectively reduce the mechanical impact and affect the stress distribution of cutting
tools. Therefore, it is important to study the stress distribution of cutting tools under high-pressure cooling. Firstly,
tool stress model under high-pressure cooling is established to provide theoretical basis for tool stress variation law
under high-pressure cooling; Secondly, the finite element method is used to simulate the stress distribution of cutting
tools under different cooling conditions, cutting parameters and cooling pressures, and the influence law of different
cutting conditions on the stress of cutting tools is obtained; Finally, the high-pressure cooling test is carried out to
analyze the cutting force, stress distribution of tool and tool breakage, which provides a certain technical basis for
efficient processing of superalloys and tool optimization under high-pressure cooling.

Keywords: Stress distribution; PCBN tool; Finite element simulation; High pressure cooling; Superalloy
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