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Experimental Study on Cutting Force and Process Parameter Optimization
of Plunge Milling Machining of Titanium Alloy
Cheng Yaonan, Yang Jinlong, Feng Xinmin, Song Xu

Abstract: The structure of Titanium alloy blisk is complex and the material is difficult-to-cut, which brings great diffi-
culties to the manufacture. Applying the milling technology to the manufacture of blisk can solve the above problems effec-
tively. The optimization of process parameters is great significance to the advantage of milling process. The influence of
process parameters on cutting force is studied by means of the plunge milling experiment of titanium alloy. According to the
experimental data,the cutting force prediction model is established and tested. Taken the cutting force and metal removal

rate as the goal ,the process parameters are optimized based on MATLAB to provide theoretical reference and technical sup-

port for Titanium alloy blisk high-efficiency machining.

Keywords: blisk; Titanium alloy ; plunge milling; process parameter; cutting force

1 35l

B A B PR SR 28 R BIHLH R WL A O
TR, AL G A L, 45 A A AL | TR
2 SRR AR R R S LA HE T LR AR E T
HAREEZE . (kG S Bk 54515 2% 0
Fr o 1 el T8 930 s D e A% R T ME I T
ok, e A - 5 A 3 B A R . TEBE I L AR R
SEBE T A R 1N il REAS RS2 BRI )
IR e e T BRI o A B AR N Tk
B G A B Y REAS B L e bR 1] T

Wakaoka S. 25" iy A &G HE AT 00T T 4%
il 0 K BE RN T 2% R, Hirano C. 20
S IR 118 S B0, B S B T LR S
FRARBERISE &, H AR BT T CAM Bk, 18
kA A I IELIE WSS 7 1T, Cotterell M. 25 3 3%
B IO TIE T T 7 UK £ 4 B B A ) TE R
FSCHLT 85U X 5 R 70 T2 A T, XA
i SRR Bk A ARk B P G IR S A0 A,

T

ELWMB: ERPHHEEIRLTI(2013ZX04001 - 081)
W EH: 2017 4£5 A

SET AR PUL A IR TR, SR K& R
SRR AT FE I 2 A TR T, D i A A
N TR o 41 845D R Master CAM #EAT
SEBELR R , I M 52 S T X I L 1 48 10 4
BT o ARZE 220 B o 1 A T AR AR AR B I T
T 2 A 58508 10 154037 D7 1 , I O T AT 20/
RN T AR S B4

DA BRI A XA B R f) 7 1 )
LIS A PR % T T S 2 7 T, 0 T A
B4 TS B0 3 ROUT) AR L5 43 SR E BT
TR, I, A SO ] T BB SE R
AEEE L.

2 HEEMEHIRNE

PABR 5 4 Ti6AlV Jy il 50 44k, 6] VDL -
1000E 57 2 I A o0 2 47 48 86 3 36, A1 Kiis-
Uer9257B I S SR B4 BEVI 1 43 77, 32 F DH5922
2l AL I AR A B A S AR B e g it o SR AT AT
FEOTIERBE )T, JIIARKT R R 42CxMo, JJ F b1}k 1 I
B

R =R KB IEA S 3, T2 S8



66

L2 1,2 Rk 2,
F1 EXIBWTZSH
oy VIHIEE A B B YIHIsi) C
gisd v, (m/min) f.(mm/z) a,(mm)
1 40 0.02 0.5
2 60 0.04 1
3 80 0.06 1.5
4 100 0.08 2.0

Xt B A 0 ) T Bl AT Al 22 e i A 21 2 R
>Ry > R, RUMER B & @l TZSH08 )
#]'JJ'JEI SO 2 R B MEI N - YT FEJE R0k

PEL R UTHI I BE, T DAAE R UE VT HI 0 B2/ 19 15 B

T ALK A 4 B R B U AT RE R A DT HI R, 5K
P 14T 0 2 T A /N B VDI 9, I 25 SR e 8 M A
BT Z2SHM Rt —E 2%,
Fx2 EPRKER
A B C F, F, F, Fo
5 | m/min)| (mm/2) | (mm) [ max(N) {max(N) |max(N) | (N)
1 Al B1 C1 188. 1 167.4 96.7 269.7
2 Al B2 Cc2 362.3 | 294.2 | 192.8 | 505.2
3| Al B3 | C3 | 683.1 | 473.6 | 286.4 | 879.3
4 Al B4 C4 827.6 | 625.7 | 351.5 | 1095.6
5 A2 B1 c2 214.5 180.8 152.8 | 319.4
6 | A2 | B2 | €l |203.0 | 168.9 | 105.8 | 284.5
7 A2 B3 C4 705.3 | 537.6 | 294.3 | 934.3
8 A2 B4 C3 638.9 | 509.1 | 273.7 | 861.8
9 A3 B1 C3 466.8 | 338.4 | 179.9 | 604.0
10| A3 | B2 | c4 |508.6 |392.8 | 227.5 | 681.7
11 A3 B3 C1 245.9 | 240.5 113.4 | 362.4
12 A3 B4 C2 501.2 | 378.2 | 230.5 | 668.8
13| A4 | Bl | 4 |446.9 | 289.7 | 181.3 | 562.6
14 A4 B2 C3 475.1 377.8 | 215.9 | 644.3
15 A4 B3 c2 413.2 | 336.3 196.0 | 568.1
16 A4 B4 C1 296.4 | 253.4 | 182.3 | 422.4

3 EIYIFINTNEE

itk — AT TCA WA BE N T Ae M, 75 2 Fti
YIBI IEARTR L2 B2 1R I 00, 38 1 52 56 4%
Gy B N 1N S B = vl i NG 437
HIl 77 AR R

3.1 EImmER

VI 1 5203 A WA BEE A SRR B0 2K, Aip
e R R A o TR R 2, A 8 1 T A
RUTE R 5 T8 202 AXH T 52 50 3 A% 19 T I g
Bl , 8 B A PR A A T AR, SR A L
B, ) B E e FE . VIE 5 TS5
[1] 56 22 1 38 R B A R

F, = KoM f2a® (1)

T AR

A, F ORI AR 00 A8 § XY Z AR 1) i,
PRERATAS RVl ] U0 ) 03 s K omeonow AT 22
B FABIERA A P15
IgF, = 1gK + mlgw, + nlgf. + ulga, (2)
&Y =lgF,,B=1gK,x, =lgv,,x, =1lgf, %, =lga,,
AWNES=
Y =B +mx, +nx, +ux, (3)
b, VACRBEIER S UI IR N sy — oy g BB
YIHI 30 1R 22 B8 N &, AT BN L M 0] 15
JrFEL R
¥, =By +B1%, +Br%, +B3%; + &

Y2 =Bo +Bi%:1 +Ba%an +B3% 5 + &, (4)

Yie =Bo +B1%16.1 +1329«¢16,2 +B3%163 + &6
K, B, HHEGB By B A EIHFREL
R RE A
Y=XB+e (5)
X, B A ZH K ay — ay 2331 AE TS Hm
INZFedlii R HARARK(3) 15
Y =ay +ax, +ayx, +a;x, (6)
W b
a=(X'X)"'X'Y (7)
B2 aRBEE, A (810 J3 A ik Xof 52 35 W AR 1Y
Bt Z ookl =R, 15938 X Y. Z J5 WY 41 )
LA 71 5468 T 222800 1) Z e 2tk [ I3 Fm
LTy
F, =1893. 4y [ 7% £ 04108 407351
F, =1695. 4p "% f04390 035
F,=905. 78y * 12030 g-56%

(8)

F =2663. 1y, " 0704000 40 0063

SRR RE 5 S B[R] T Z 28T YIHI I i) B
W, N TSR IEEE 2%

3.2 FiRE WS R IIE

FUAT TE R P A S o 1 PR Y A R i S
W ) SR O, S AR VTN T T 2 24
PR SR, DRI 2 B0 A ) 40 5 OCR 25 AT
A PERR R, RUCHT 2 VTR BB R F ARG o

ARSI i F AN F, =86.91 F,
=29.4 F =21.85, # F %0154 F,,s(3,12) =
3.5,F, F, F.¥RT Fo s (3,12) B LAEIA T R 5
L3 TE TRV NE bk e itlibhia il da

DA T SR O e Uk DI 0 AR Y ofE 1
P, BBk FE A TSR T S0, IR 1Y)
WAk €t bum bk 8 s we NP URZIN: DA BRIl



2018 4F55 52 48 No. 2

{BL, ¥ P AT X LG O30T, LRSS SRR 3, e is
FNVTEI A=A D7 1) _E BT 53 o F5000E -5 9 2H 55
OB 18] AR ZI7E 15% Z N, IR AT DL BT 0 4
W AR BT g TN ASE A %) o s 1 R AT S
x3 WHIAF SRR

Fy | LES% | BdExti | F.(N) F,(N) | F.(N)
A=50m/min | SCEG{H 255.8 206.9 | 133.4
TG 279.6 230.5 | 143.7
C=0.8mm PR 8.5% 10.2% | 7.2%
STEE | 419.0 320.6 | 191.6
MG | 452.8 355.1 | 208.9
C=0.8mm R 7.4% 9.7% 8.3%

1 B =0.03mm/z

A =50m/min

2 B =0.03mm/z

4 RUBHIZSH

H TGRSR X 4 AR i 45 3 n T, 2 T
RORFIFERE—ANEE IR, NS LESHEY
FEA R VTN 7 R AR D LT BE , PRI B A S B/
PIHI S RRCR N Bbs, A BN T2 S5 &
KA LEEE

4.1 MEIZSHMLES

LB RARAL R FE RN SRR v S A
PRASEARY i AR PR AR B S A R A e e =
SR AR A O N B, XK A A 1 BE
SEEHESE , ASEE/INIIEI T | sy H AR X 4 B
KA E T ESH TR,

(1) LA @kt L bR i R o Hn

g=Lime (9)

A,z G s e 28 8, BUE Tmm; D Oy 48 4t
JIHEAZ A 16mm,

(2) LLUTE 3 de/ R B bR

F 22663, 1y, 0040406 0068 (10)

P TR A 45 B a, U SERE 50,
DI s = #0)E TR B o

IS ALK REWS fa] 5 R S8R A ARk
P s R KR R) R, SR A ) B DI 45 2R LA HE B
BET BIRSEG A3 H S BB, BOE AR 1 R AT
N LLESH SR G

4.2 ETF MATLAB T ESHMEL

FLF MATLAB ) Optimization Tool , i Fig & &
2R B RRDR AL T 2S48

K FIInA 2 @ 57 B R R T @ process parameters
optimization (x) :f = =2663.1 % x(1)~( —0.0874) =
x(2)70.4066 * x(3)70.6663 0.6 +x(1) *x(2) *x

67

(3) *3=pin(=1) %16°( =1) %0.4;

AR 3, R5 L R ST A
PVEATRRE R . 1Lk ESBBLE A 21738 52 AUk
SIS B EE R 704. 6627231554112, 0, =99. 892 ;
£.=0.08,a, =1.999, KL, AL R v, =
100m/min f, =0.08mm/z ¢, =2.0mm,

5 4iE

PN TG SRRt R T2 S 8e T R
Jr 52 48 m5 SO a8 i U pefb 4 gt T2
SHAFH LT 4518

(1) - THmBeeR & 4l 5 JRAF- VT H 71 Bl IF %t
FLE AT ZE 5707, 45 TS HO0 VI ) 52 0 5. 32
PEMK NIy - DT BE B 045 32 45 o D)
JE AR DI 1 78 R Ak H b i 7 e 88 ]
RE KU H 3 FE S8 N T 58 B

(2) A3 54 o SE Atk 2 37 U0 1) g B 4 78 5
TR, NG 5 52 5 fH A 152 25 /N T 15% , 3iE
BT YT 7 AR i e AR

(3) LAYIHI I3 f5e/INFR 42 T 25 B 2 8 Kol B AR,
FLF MATLAB 4 Optimization Tool T H.45 H & V]
HIZEH G M v, =100m/min, £, =0. 08mm/z, a, =

1.0mm,

225 3k

[1] Zhan H, Zhao W, Wang G. Manufacturing turbine blisks
[J]. Aircraft Engineering and Aerospace Technology,2000,
72(3) ;247 -252.

(2 ] B8, XIRRAL RN, 5. 26T UG BYIF R R 4 T
ARBRIN L 2007 1 [ ] i 25 hG 4% il 3 $ AR, 2012, 48
(3):30 -33.

[3]Niu X H,Cui L. Q,Hao B C,et al. Analysis of plunge milling
force and tool deformation on Cr12[ J]. Advanced Materials
Research,2013,652 - 654 .2173 -2177.

[4 ] Wakaoka S, Yamane Y, Sekiya K, et al. High-speed and
high-accuracy plunge cutting for vertical walls[ J]. Journal
of Materials Processing Technology,2002,127 (2) ;246 -
250.

[ 5] Hirano C, Morishige K. Development of rough cutting method
with plunge milling using 5 — axis control machine tool[ J].
Journal of the Japan Society for Precision Engineering,
2007,73(11) ;1261 - 1266.

[6] Cotterell M, Byrne G. Dynamics of chip formation during or-
thogonal cutting of Titanium alloy Ti —6Al —=4V[]J]. CIRP
Journal of Manufacturing Science and Technology, 2008 ,57
(1):93 -96.



68

T AR

ENABRXFEITWZITRIZSMH

TR, AL, 77 55, ¥ 48, Bk
JEHR THAWFFE T A IR

W BNIA T RTEES BRI L5 i C B W AU B 8 71 B o ASCNZ B BIERE S I T 0 % , i 48
T AR A BE T, IF i TR SR MRS ) B T A TS

KR B ; & NIE BT e T
hESES. TC714;THI62

SMHERARERS: A

Design and Process Research of Diamond Spiral Milling Cutter

He Rongyue, Yang Huiquan, Fang Fang, Liu Hua, Liao Bo

Abstract: Diamond tools in non-metallic materials processing are widely used,and diamond tools have gradually re-

placed carbide tools. In this paper, starting from the processing of furniture particleboard, a spiral milling cutter is intro-

duced , which is studied from aspects of tool design,key technology,material selection and cutting edge design.

Keywords : spiral structure ; diamond millingcutter ; particleboard processing
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