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Micro-milling Forces Test for Single Crystal Nickel-Based Superalloy
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Abstract; Taking the single crystal nickel-based superalloy DD98 as research object, the material
removal mechanism of single crystal superalloy was analyzed from its microstructure. The glide
plane of DD98 is its close-packed plane {111}, while the glide direction is its close-packed
direction <110 > with minimum resistance force and easy slip. The orthogonal experiment was
implemented for micro-milling single crystal nickel-based superalloy DD98 by using two-edged
micro-milling tool. The effect of cutting parameters on the micro-milling forces was obtained
through range analysis. The result showed that the influence of spindle speed is the greatest, the
feed rate is the secondary, and the milling depth is the smallest affecting factor. The ideal cutting
parameters were obtained using minimum micro-milling forces, i. e. , with the spindle speed of
36 000 r/min, milling depth of 5 wm and the feed rate of 20 wm/s. The reasons affecting on
micro-milling forces were deeply analyzed, and the test results may provide certain theory
reference and test basis for understanding the micro-milling mechanism of single crystal
superalloy.

Key words: micro-milling force; single crystal superalloy; DD98; microstructure; orthogonal
experiment
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Fig. 1 Micro-milling machine and micro-milling test
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Table 2 Experimental results of micro-milling
force of single crystal DD98

WH  w/(r-min") a,, pm v/ (um-s™")

Table 1 Factors and levels table
K-
Sk
1 2 3 4 5

n/(r-min~") 12000 24000 36000 42000 48000

K, 4.567(0.913) 4.504(0.901) 4.232(0.846)
K,  4.924(0.985) 5.070(1.014) 4.801(0.960)
K,  4.302(0.860) 4.647(0.929) 5.315(1.063)
K, 5.023(1.005) 5.204(1.041) 4.906(0.981)
K, 6.005(1.201) 5.396(1.079) 5.567(1.113)
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K, 24.246 25.705 23.050

K, 18. 507 21. 595 28.249

K 25.231 27.082 24. 069

K, 36. 060 29. 117 30. 991
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Fig. 4 Range and variance diagrams for influence of
cutting parameters on milling force

(a)—th2ZHl; (b)—J5 2.

HERFE VIS O BRI AL SR A 4 DD98 %t
WAL MR PE 3R 2 455 TR aEds , 2]

K, 25 R B HAR, TSR HIGRBE e/ )N, IR L TE = RZXTBEH S g e &, il 5 B,
13 1.10 1.2
(a) (b) (c)
1.2} 1.05} ul
€11} 1.00} -
R 1.0
%1.0- 0.95} L
0.9 0.90} 0.9}
0.8L— - - - | g5l - - - - 0.8~ - - - -
12 24 36 42 48 5 8 10 12 15 20 40 60 80 100
nx107/(r-min™") a,/pm vi(pmes™)

E5 Al E=REZIEHENHIE
Fig. 5 Effect of three factors on milling force



% 4 H & A

Bk g R

AR H] J1 K 545

i & Sa RT %0, BEE SR 0 38 O, BEEl
SEHE K JE Bl /NS K, B 4T A5 24 000 r/min Al
36 000 r/min. W 4R (1554 180D 11 R 341, DR
I A 58 R IE 20, LAGE P W2 1 7 20
TR bR, GEHI AN BrE I, 324k 3 A 2 24 000 ~
36 000 r/min M, B FH i, SR ph P D 2
] AP SR AR | LA A A R 2 1, T3 N
T S B R R R () e 5 T B s
JITH B C N T 3R EESEE T K ARG S v A
TERYBT 3N, 5YU) i i TR B 3k

H1 1l Sb mI, B 2 5 TR B A 1 R, BRI )
Fedl KGN R, T 408 8 pm FT 10 wm.
FEUG B DI AR /N, D AR e a2 4 e K B
TREETRE ML BRI 0N BRI TR BE AN
IHIBE 38 5, B 38 A5 2h X [R]EE & /)N,
FEJG B, VI X 514 T AR L Bt AR,
(EGRIPAE IS S

H ] Sc RIAT, Bifi 25 1F 4 0 B A 384 K, B )
Jedl K JE /N B K, AT S 60 pmy/s A
80 pm/s. Z JJ HYIHI 71 2428 5 e /N0 1R B 11
RO BRI R S A SR R RN N

v=f-n-z. (2)
Fdy HHEAEE (mvs) s f, A ES R
(mm) ;n R F 53 (r/min) ;z AT B AL B
SCHR[ 15 ] e /N D)0 R B 5 D) 70 B 42 22
Fbh 0.13 ~ 0.3, FT Lk DD98 % /N 1) M| J& i Ny
0.133 pm LA b SiE 45 3N 60 pm/s, F4h 4%
R 24 000 r/min A, f, =0. 15 pm, i 2 & 504
1 KT EH/NIBRIEBE /9 2% 4. i T 74 5 1k 45
N 60 wm/s B, B HI T G2 3, = A g
SRR LB, R AT o B2 RO, SR
K45 ZRE B — e SR, P A A e | &
BG4 60 ~ 80 wm/s
B, 90 0 5 B R T de /N IR B | ifE A B B By
Bt VIEIRaE  BEE £, Wk e Ba i, oo AR EE 45 RH H
B, R AE s e  BEH ) R K T
ARAFLF B T 5 A T ) H g A, T T fe )
VIBRIERE W 2 B 15 F 44 & f, KR FH/NIHIE
B, 7l e A DI AR T AR N R g
FEL LT () B H) o

4 4 1w
1) Bl M S5 B, S 1 B B R

i A < I RBE I T B Sl B OR— P D/ —
KA.

2) HEEREEEEH 60 wm/s B, B 15 i 45 iR
0. 15 wm, KXF DD98 fe/INIJHI JE B, i J2 7= A= 9
PR 5

3) B EI B S AR DD IE 28I, 15
X RCBE I T s e DR 3R AR Ry - FE A 4
B BRIV . 32 1F 22 R R B ] T d5e
AL T 207 %, BV 3 36 000 r/min , B Hi|
FER 5 pm, AN 20 pm/s.

SE

(1] BRUTHE BRYE, T, 55 SBE B I THLBLAT ST B S [ 7],

MU T 244] ,2014,50(5) ;161 - 172.
(Chen Ming-jun, Chen Ni, He Ning, et al. The research
progress of micro milling in machining mechanism [ J].
Journal of Mechanical Engineering, 2014, 50 (5 ).
161 -172.)

(2] s4RT JE TR/ NI BRI B W Ui TALBATSE [ D],
DFRA : IR, 2011.

(Shi Zhen-yu. Study on micro cutting mechanism based on
minimum uncut chip thickness [ D ]. Jinan; Shandong
University,2011. )

[3] Estrems M,Sanchez H T, Kurfess T, et al. Influence of size
effect and radial run-outs on the end milling of a nickel-based
superalloy [ J |. Transactions of the North American
Manufacturing Research Institution of SME,2011,39 (6) .
268 -276.

[4] Fang N,Pai P S,Mosquea S. Effect of tool edge wear on the
cutting forces and vibrations in high-speed finish machining
of Inconel 718 [ J]. International Journal of Advanced
Manufacturing Technology,2011,52(1) .65 —67.

[5] Kuo C P,Ling C C. The prediction of cutting force in milling
Inconel 718 [ J ]. International Jouwrnal of Advanced
Manufacturing Technology ,2006,27(7) :655 - 660.

[6] Cheng K, Huo D. Micro cutting: fundamentals and
applications[ M ]. Chichester: John Wiley & Sons Ltd,2013;
145 - 172.

[7] Ding H,Ibrahim R, Cheng K, et al. Experimental study on
machinability improvement of hardened tool steel using two
dimensional vibration-assisted micro-end-milling [ J ].
International Journal of Machine Tools and Manufacture
2010,50(12) ;1115 -1118.

[8] M. Inconel 718 FdlBEH| TS L[ D]. HrFg: 1l
K2 ,2011.

(Wang Yuan-wei. Optimization of process parameters in
high-speed milling Inconel 718 [ D ]. Jinan:; Shandong
University ,2011. )

(9] Zeflirk ®EHLT. R4 1] Inconel 718 YIHI Iy i1 ik 46 1 5¢
[J]. THHA 2012,46(2) ;23 -25.

(Ji De-sheng, Huang Xue-hong. Experimental study on
cutting force in high-speed turning of inconel 718 [ J]. Tool
Engineering ,2012,46(2) :23 -25.)

[10] Henderson A J, Bunget C, Kurfess T R. Cutting force
modeling when milling nickel-base superalloys [ C ]//
Proceedings of the ASME International Manufacturing
Science and Engineering Conference. Corvallis, 2011
193 -202.

[11] Hill R,Rice J R. Constitutive analysis of elastic-plastic crystal
at arbitrary strain [ J]. Journal of the Mechanics & Physics of
Solids, 1972,20(6) :401 —415.

(TF#% 556 )



