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Research on turning machinability of a new GH4198 superalloy
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Abstract: The new GH4198 nickel based superalloy is a key material for high-performance aviation engine hot end
components, and its turning workability has a significant impact on surface quality and service performance. Con-
duct turning experiments based on single factor method and study the influence of turning parameters on turning
force, turning temperature, and surface roughness. The experimental results show that within the range of experi-
mental parameters, both turning force and turning temperature increase continuously with the increase of turning pa-
rameters. Among them, the factor that has the greatest impact on turning force is turning depth, with a maximum
turning force of 685.2 N; The factor that has the greatest impact on turning temperature is turning speed, with a
maximum turning temperature of 484.8 °C; The feed rate has the greatest impact on surface roughness, with a mini-
mum surface roughness of 0.346 um. Therefore, during rough machining, a turning speed of v¥=130 m/min, a
feed rate of /=0.14 mm/r, and a turning depth of ¢,=0.8 mm can be selected to achieve efficient material removal.
During precision machining, a turning speed of v=90 m/min, a feed rate of /=0.06 mm/r, and a turning depth of
a,=0.3 mm can be selected to improve surface quality, providing a theoretical basis for the processing of the new
material GH4198.
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Table 1 Chemical composition of nickel based GH4198
(% ,mass fraction)""

Cr 13.0 Nb 1.0
Co 20.5 Ta 2.5
w 2.3 C 0.05
Mo 3.8 B 0.015
Ti 3.8 Zr 0.05
Al 3.4

%2 GHA198 5 GHA169 iy 5 i 1 2 1 g
Table 2 Room temperature mechanical capability of GH4198 and GH4169

i e 5 52 PU L5

FIR RS

SR PR Ak MR/ W e/

N ! N \
ik 5/MPa 5,/ MPa o/ % E/GPa (W-m-k) (kg-m®) A
GH4198 1150 1650 20.0 229 23.2 8 300 0.28
GH4169 1110 1290 23.3 206 1.2 8 470 0.30
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Table 3 Experimental parameters for turning GH4198 alloy

R 2 4—ﬁ]1fﬁ;*u/ G B f/ TEHIR
(m-min) (mm-r) a,/mm
1 10
2 30
3 50
4 70
0.08
5 90
6 110
7 130
8 150
0.4
9 0.02
10 0. 04
11 0.06
12 0.08
13 0. 10
14 0.12
15 0.14
16 0.16
70
17 0.1
18 0.2
19 0.3
20 0.4
0.08
21 0.5
22 0.6
23 0.7
24 0.8
F= FxﬁLFy‘FF: (1)

VL Oxley s it B T 5 £#238 Jy FEAl %F £ A8
B X UIHI 1645 53 07, B X UTHI A 71 RiFE A
KN

K.t
F,=—— (2)

sing

F,
R=— 3
cost (3)

Ao K oA 59 U AR 9 5 D10 30 6 ), 5 4 ) R
EIE M, AT B Von Mises Ji I #E WK 45 5 ¢,y YD H
FE LAY T R BE 45 5 S0 o UVHISE R A Y T A

I B VT EIER JE a5 0 BT U1 AR 50 0 T A8 X DT HI
A1 R 5 BT Y) I 2 18] ) e £

12X (2) AR, 42 0 9 RN A S 4 2 8
BB O, A 2 800 4 HI 0 5w A2 Al T 8] 4
PR

T00F —=— Pyl ) J=0.08mm/r , 4,=0.4mm
—s— Fyf2lnl /)
600 o Fz:UHIS
A500 -
)
= 400
=
o -
e 300
200
100 F
OF . . . . . . .
10 30 S0 70 90 110 130 150
ZEHIEEE Y (m/min)
(a) 2 1) 2 EE X 42 1) 7 1) 5 i
00 Fx#ia v=70m/min . a,=0.4mm
soo| —* FyiEFl s
—— Fz ¥l h
500
Z
£ 400
R
300
200 .
100
0t 1 1 1 1 1 1 1 1
002 0.04 0.06 0.08 010 0.12 0.14 0.16
A E ES (mm/r)
(b) I 25 8 3 X6 22 1 07 () 5% i)
700 F —=— FxH8li A y=70m/min ,/=0.08mm/r
—+— Fyf&lij)
600 F —a Fp A
500
z
= 400
=
F 300
4
200
100
0F 1 1 1 1 1

1 1 1
0.1 0.2 03 04 0.5 0.6 0.7 08
FHIIRZa, (mm)

(e ) 20 0 B2 %ok 42 1) 7 B4 5% )

P4 o H 2 B0k 4 1) 7 65

Fig. 4 Effect of Turning Parameters on Turning Force
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Fig. 5 Effect of turning parameters on

turning temperature
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Fig. 6 Effect of turning parameters on surface roughness
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Wi R o DAIET 6 (c) T LA Y« 42 IR 52 38 i 1 K
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R EN 1121 pmo 53X 2 DA 45 IR B 1S R, 45
T Z 3R, BN E AR B W R A R, R BE
e il A A U AR A8 O, DD JE TR R, X
O 0 T 3R T 5 B i ) A, S B0k TR R R o g
Koo MR b 3R 23 B TR, 25 I 2 8008 3 TR RS

SR B o A SR SR 3R TR B2 A R R AR K
FEU B B R JEE AN A2 I o S0 45 R AT AR
TSR RS 4 T A e B R R/ Y i
20 R AR O R G ) AT I T
PABRIE T B4 oRE 0 T 5 i

3 &

1) W Ty B 4 ) 2 500 1 O 3 ok, Hoh 42
EIRZYES N AR E A TR NI o G el
N, YT 7 130, 48 N4k 3] 685. 2 N,

2) B ) B B 2 ) 2 80 BE Rm aE C, Hrp
2 W0 RO A R R e B R . AE S U Ak Y
N, ZE 110 3 134, 3 °CHS K31 484. 8 °C.

3) M ZE I RN W 3G R, 2 THDREDRE B S8
Ji 8 5 24 o R R A R B N T K, 3R TR
o R A 2% 3 G R, L) 2% TR R B 1) 5 ) g5 K
k4 B o E R I S E0E BN 2 TDHRS BE
0.346 um 4K F] 1. 454 pm.,

4) TR N e AT 3 45 H) 3 v=130 m/min,
45 B =0, 14 mm/r, HIE B ¢,=0. 8 mm LA
prnes| = N Uy v Sl SN )| I ) B o e N |
M v=90 m/min, i 45 # J¥ /=0. 06 mm/r, % Hl
R a,=0. 3 mm DLk B m & m i 5 iy, vk
T HLRS FE I E 0.5 pm KLY .

& % X

(1] ZEdmak, W de, 4, 4F . Bl i & i GH4198 4 &4
GURRAE B A AT AT AT F AT 42 ), 2020, 44(8): 807-815.
LI Fulin, TAN Haibing, MENG Lingchao, et al. Micro-
structural characteristics and segregation behavior of a newly
developed cast &. wrought superalloy GH4198 [J]. Chinese
Journal of Rare Metals, 2020, 44(8): 807-815. (in Chinese)

(2] A, shale, XILTE, 5. B A H &4 GHA096 15 4 B P £t

Ul S5 F ] WA e B S TR, 2021, 50(4)
1325-1333.
TIAN Wei, ZHONG Yan, LIU Yanfei, et al. Develop-
ment and Testing of Novel Casted & Wrought GH4096 Al-
loy Labyrinth Disk[J]. Rare Metal Materials and Engineer-
ing, 2021, 50(4): 1325-1333. (in Chinese)

[31 &%, XUHiR, WAERE, 5. T EE Tl L8050 Br iy BUIR

LR CL/ 2015 4F 42 [ 2 2000 B 2 R 22 ik S0
2015: 10-19.
JIANG Tao, LIU Xinlin, TAO Chunhu, et al. Actuality
and expectation of failure analysis in aviation industries of
China[ C]// Proceedings of the 2015 National Conference on
Failure Analysis. 2015: 10-19. (in Chinese)

(4] Wi, SR EE, R, &5 . [E5™ 7050 88/ 4 1 BE R J) AE
K0 5% A R ) AR 45 B g2 [J/OL ). i A R R
http: / kns. cnki. net/kems/detail/61. 1479. V. 20231229.



XX M

TR A5 R GHA198 B iR & 4 Gl T k5% 9

—
wl
[t}

[12]

0901. 002. html.

HU Yue, ZHANG Shengwei, JIANG Ruisong. et—al. Re-
search on residual stress and deformation control of domestic
7050 aluminum alloy thin-wall bearing frame turning [J/
OL]J. Advances in Aeronautical Science and Engineering.
http: / kns. cnki. net/kems/detail/61. 1479. V. 20231229.
0901. 002. html. (in Chinese)

oA, BB, WEEHT, A5 [T 7050 B4 4 BE R O HE
AR WA 52 [J/0L ). fiias TR . hip: / kns.
cenki. net/kems/detail/61. 1479. V. 20231229. 0901. 002. html.
MA Xiuwei, HU Yue, YAO Wenli, et al. Research on pre-
diction of turning deformation of domestic 7050 aluminum al-
loy thin-wall bearing frame[J/OL]. Advances in Aeronauti-
cal Science and Engi-neering. http: / kns. cnki. net/kcms/
detail/61.1479. V. 20231229. 0901. 002. html. (in Chinese)
BRI, R, R BRI S RS A K24 i U
FEScuR g [T]. ShAEMT R, 2012, 43(6): 692-695.

QIU Kun, WANG Xinyong, PANG Siqing. Cast nickel-
base superalloy K24 study of cutting temperature [ J].
nal of Functional Materials, 2012, 43(6): 692-695. (in Chi-
nese)

THAKUR D G, RAMAMOORTHY B, VI-
JAYARAGHAVAN L. Study on the machinability charac-
teristics of superalloy Inconel 718 during high speed turning
[J]. Materials & Design, 2009, 30(5): 1718-1725.

WA PH . AR 3 S IR A 4 Inconel 718 A VI HI 2 T 57 VEF
LD B PR, 2018.

HUANG Zhiyang. Surface integrity of nickel-based super—

Jour-

alloy inconel 718 in high-efficiently cutting process[D]. Wu-
han: Huazhong University of Science and Technology,
2018. (in Chinese)

SEWTBH, B6OW, L 4 . PCBN JJH U H A 4 56 15 8
VIBIE LB ). HLAR TR 2 4f, 2016, 52(3): 179-186.
WU Mingyang, ZHAO Xu, JI Wel, et al. Generation mech-
anism of saw—tooth chip in turning of GH4169 with PCBN
tool[J]. Journal of Mechanical Engineering, 2016, 52(3) :
179-186. (in Chinese)

FAF, B, LS. Inconel 718 #3544 4 1l U
JIAUIEIR A [T ] THRAAR, 2019, 53(11): 51-54.
WANG Zhe, LI Lei, SHEN Xuehong. Analysis of Cutting
Force and Cutting Temperature of Nickel-based Superalloy
Inconel 718 Based on Grey Relational Analysis[J]. Tool En-
gineering, 2019, 53(11): 51-54. (in Chinese)

EWE, TVLH, BB, A GHA169 =2k 19] 7 5 i
ABROChFLT]. BAUHIE TR, 2016 (8): 106-111.
WANG Minghai, WANG Jiangtao, ZHENG Yaohui, et al.
The finite element simulation of GH4169 three-dimension
turning cutting force and temperature[J]. Modern Manufac-
turing Engineering, 2016 (8): 106-111. (in Chinese)

SGJ A, VNG A, VNK A, et al. Analyzing the effect of cut-
ting parameters on forces and tool-tip temperature in turning
of nickel-based superalloy using FE simulation[J]. Materi-
als Today: Proceedings, 2022, 49(5): 1833-1843.
BUSHLYA V, ZHOU 1J, STAHL J E. Effect of cutting

conditions on machinability of superalloy Inconel 718 during

[14]

[15]

[16]

[17]

[19]

[20]

high speed turning with coated and uncoated PCBN tools
[J]. Procedia Cirp, 2012, 3(none): 370-375.
EZILARASAN C, VELAYUDHAM A. An experimental
analysis and measurement of process performances in machin-
ing of nimonic C-263 super alloy[J]. Measurement, 2013,
46(1): 185-199.
NARUTAKI N, YAMANE Y, HAYASHI K, et al
High-speed machining of Inconel 718 with ceramic tools[J] .
CIRP Annals-Manufacturing Technology, 1993, 42 (1) :
103-106.
JEERE, BRAT, SRR, 4. TIAINIRZ 5 AROSE A IRZE
JIRmiR G UTEI e[ 1]. HEPURS B sifin T4
A, 2020 (9): 154-157.
LONG Chongwang, CHEN Ling, GUO Zhixing, et al. Re-
search on super alloy machinability between TIiAIN series
coating tools and A1203 composite coating tools[J]. Modu-
lar Machine Tool &. Automatic Manufacturing Technique,
2020 (9): 154-157. (in Chinese)
AT, AR, WK, A NI X GHA169 I T3
SERVERG R [T]. [ R TR, 2015, 28(3) : 108~
113.
JIN Jieru, ZHANG Xiancheng, TU Shantung, et al. Ef-
fects of cutting speed on Machining surface integrity of
GH4169 [J]. China Surface Engineering, 2015, 28 (3) :
108-113. (in Chinese)
FLIEMR, WDk, BT, AF . AEHI R A S GHAL69 2 i MLk
JE BBRANRE IR AL S BT (7). HUR S R, 2022, 50(20)
32-37.
KONG Xianjun, HU Guang, ZHAO Ming. Optimization
Analysis of Surface Roughness and Residual Stress of Turn-
ing Superalloy GH4169 [J]. Machine Tool & Hydraulics,
2022, 50(20) : 32-37. (in Chinese)
KINEF, b, RIKE S DDSBEE A i & S 2t
Vi Wy R BE S W T (7). s TR kR, 2021, 12
(04): 80-89.
ZHANG Shuaiqi, YANG Zhongxue, ZHANG Changchun,
et al. Experimental Research on Grinding Forces and Tem-
perature of DD5 Nickel-based Single Crystal Super—alloy by
Creep—feed Grinding. Advances in Aeronautical Science and
Engineering, 2021, 12(04) : 80-89. (in Chinese)
WA . GH4169 mill & & VIHIIn THRM D], KRifE: K
LT R, 2017,
HAN Bin. Research on super alloy gh4169 cutting technolo-
gy[D]. Dalian: Dalian University of Technology, 2017. (in
Chinese)
Fiz, ik 8,55 . T Oxley's BE AY 300M H4 1F 22 11 1)
T AR g B LT]. BE BRSO 2021, 21(6)
2269-2278.
WANG Yun, ZHANG Changming, ZHANG Yu. Predic-
tion of Orthogonal Cutting Variables of 300M Steel Based on
Oxley's Theory [J]. Science Technology and Engineering,
2021, 21(6): 2269-2278. (in Chinese)

(4% : 5 ##)



