DOI:10.13224/j.cnki.jasp.2013.03.003

28 3 Vol. 28 No. 3
2013 3 Journal of Aerospace Power Mar. 2013

:1000-8055(2013)03-0621-08

GH4169

( , 710072)
GH4169 ,
( . . ) ) . 15,
20,25m/s, 50,100,150 um;, 5,10,15m/min.
5’\“10;1.1’1‘1» 80’\“100“1’1’19 80

’\“200#1’117

. GH4169 H H H H 5

. V261; TGH4 A

Effects of grinding parameters on surface integrity of
GH4169 nickel-based superalloy

HUANG Xin-chun, ZHANG Ding-hua, YAO Chang-feng, REN Jing-xin

(Ministry of Education Key Laboratory of Contemporary Design and Integrated
Manufacturing Technology, School of Mechatronics,
Northwestern Polytechnical University, Xi’an 710072, China)

Abstract: The influence rules of grinding parameters on the surface topographic charac-
ters, including surface roughness, surface topography, surface microhardness and surface re-
sidual stresses of the surface integrity, were studied to optimize the grinding parameters
when grinding the GH4169 nickel-based superalloy by using single crystal corundum grinding
wheel. The wheel speed was selected as 15, 20, 25m/s, the grinding depth selected as 50,
100, 150 um, and the workpiece speed selected as 5, 10, 15m/min. The results show that,
the surface roughness is most sensitive to the workpiece speed, the surface microhardness
and the surface residual stresses are most sensitive to the wheel speed. And the influence
rules of grinding parameters on the surface morphology, the gradient of microhardness, mi-
crostructure and the gradient of residual stress were studied, revealing the formation rules of
metamorphic layer of the surface integrity. The plastic deformation layer is in range of 5~10
pm, the depth of the microhardness change is 80~100 um, the residual stress affected layer

thickness is 80~200 ym, thus providing relevant experimental data base for research of the
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surface integrity control in grinding nickel-based superalloy.

Key words: GH4169 superalloy; surface integrity; surface roughness;

microstructure; surface topography; microhardness; residual stresses

R . CBN Lol
GH33A
. , : , GH4169
( = 1 ~ 2) )
(1 , [112]
, (CBN) GH4169
. 2] . ’
, (18] GH4169
Kumar S Choudhury S K ’ . ’
14
0] Hecker R L ’ >
Liang S Y ( . '
. . ) |
U Peter
GH4169 s
B Guo
( N
(CBN) . )
, 6] A b
GH4169 ’
. GH4169 1
[7]
[15]
; SiC, X
ALO; CBN TC4 K417 3
X 8] ] @ (
’ N . )
@ . .
4 N (1] .
[o] CBN GH4169
CBN ,

) CBN N N



3 : GH4169 623

. R Ni-Cr-F ,
FETHFAE: —— i-Cr-Fe

i%f&%fﬁ AL A Ak, . +720°C X8h 50°C/h
EEB; et 620°C X 8h
EEEL E
R 2 1. GH4169 .
WAL
ALY i AR {k ’
E 2 BB /
BRAL ) '
la=csita 2.
[ZERESES 1 GH4169 ( 1 %)
Table 1 Chemical composition of GH4169 superalloy
1 (unit = %)

Fig. 1 Schematic of surface integrity

Ni Cr Al Mo Ti C Nb

52.30 18.90 0.52 3.08 1.06 0.040 5.30

2 GH4169 Mn Si  Cu  Ta  Co p Fe

2.1 <C0. 20 <C€0.20 <C0.20 <C0.20 <C0.20 <C0.015

GH4169

2 GH4169
Table 2 Mechanical properties of GH4169 superalloy

. a/ . /HB A/
ov/MPa E/GPa 8/ % (J+ em®) ( ) (W/m >+ C) o%
20 1392 205(20°C) 573(20°C)
400 1324
1260~ 14. 65
600 1295 15 346~450 41
1320 (100°C)
750 843
800 618
2.2 XStress 3000 X
MM7120A ; 3
SASOKV, 25 mm: , Table 3 Experimental grinding parameters
’ v,/ (m/min) a,/pm v,/ (m/s)
, 3
1 5 50 15
2
TR240 2 5 100 20
, 3 5 150 25
B s 0.8 4 10 50 20
mm, 4. 0 mm. VECOO 5 10 100 25
AMRAY-1000B 6 10 150 15
7 15 50 25
MHTH4
8 15 100 15
, 200 g, 10s,
(HV) 9 15 150 20

(440 ~480 HV).
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Table 3 Measurement results of surface characteristics

/
R,/nm HV o/ MPa
1 229. 64 398. 28 695. 4
v, B4R
2 261.98 391.42 874. 4
3 273.79 388.67 675.8
a, 4 426. 11 328. 34 521. 4
Y
5 358. 67 414, 24 510.7
A
6 454. 07 432.92 920. 6
o 7 363. 45 418.79 772.9
TAF 8 586.13 436. 05 905. 4
9 594.01 405. 06 1003. 8
2
Fig. 2 Schematic of experimental program R, = 1070108506516 , go.2u1 oo
3 . . 30 H — 102.81347}0.0053 . a0.0724 . V70.0878 (1)
* w P s
mmX20mm X 10 mm, 3. o= 103.56391}&0849 . ag.ml . Vx—o.ws
b
R*=0. 826,
° ’
R =
0. 557, R* =
0. 764, ;
QY ,
S =10.6516, S =0 2441
3 S’y =0.044, S}y = 0. 0053
Fig. 3 Specimen after machining S/;}) — 0 0724, S/‘:}‘ ——0, 0878 (2)
3 S =10.0849, S’ = 0. 1511
S's =—0. 178
4 R.. H (2) . GH4169
o ’ 4 ) R, Uy
’ ’ a, ’
R1 N H Uy > H
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Fig. 5 Topography of grinding surface

Ay ’
R, ) , ,
b
b
3.4
6 s
b
b
. b
S :
580
540+
5001
% 460
§ 420
* 380
) : —=— y=15m/s, 0 =10 mfmin.ap:lSDp.m
40l —e— =20 m/s, v =15 m/min, a= 150 pm
L —a— =25 m/s, v =5 m/min, a= 150 pm
300 I M TP | av: it [ | s R |
0 40 80 120 160
B BE / pm
(h) 7, =10 m/min, a =150 pm, =15 m/s 6

Fig. 6 Microhardness of grinding surface
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7 Fig. 8 Microstructure of grinding surface

Fig7 Residual stresses of grinding surface
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