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ABSTRACT

Owing to the excellent corrosion resistance of titanium alloys, they are widely used as materials for aircraft
components. However, in terms of machining, dimensional deformation methods vary significantly, such as
forging, owing to their difficult-to-cut property and the uncontrollable vibration generated during machining, A
method to minimize the vibration generated during machining by applying advanced tools and controlling the
sequence of machining processes, which can improve the machinability and precision of titanium alloy-forged
low-angle components, is proposed herein. Using the proposed tool and based on a process order experiment, the
efficiency of the machining process is verified by measuring the dimensional deformation of the low-angle
component.

Keywords : Titanium Alloy( E| Et & &r2), Machining Process Improvement(7t& &3 7H4M), 5-axis Shape
Machining(5% &47}38), Carbide Endmill(Z2 A=), HSS Endmill(HSS A =2Y)
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Table 1 Specification of CINCINNATI 20V-80 machine

Machine type || 5-axis machine
Machine | CINCINNATI MILACRON
Work spindle 582?5 r'aﬁéek;“ﬁo ~ 3,600 rpm
Machine size || 3,300(W) x 6,000(L) x 3,300(T)
Longitudinal(X-axis) : 2,135 mm
Transverse(Y-axis) : 760 mm
Travel Ve'rtical(Z'-axis) 610 mm
Spindle tilt(A-axis) : +25/-25 degree
Spindle  swivel(B-axis) +25/-25
degree
Controller Acromatic 950

Fig. 5 S-axis machine of CINCINNATI 20V-80

Table 2 Specification of DMG-210P machine

Machine type || 5-axis machine
Machine | DECKEL MAHO
Work spindle 582?5 faﬁée K0 - 12,000 rpm
Machine size || 8,800(W) x 6,300(L) x 4,900(T)
Longitudinal(X-axis) : 1,800 mm
Transverse(Y-axis) : 2,100 mm
Travel Vertical(Z-axis) : 1,250 mm
Spindle tilt(A-axis) : +10/-120 degree
Spindle swivel(B-axis) : 360 degree
Controller Siemens 840D

Fig. 6 5-axis machine of DMG-210P
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Fig. 9 Cutting tools for titanium machining

2.6 NC Hlo|E{ MM

Table 3 Process conditions of cutting tool 2oz Hxol y}a e 23 NC HolEHE AA
Rpm Feedrate 371 184l CATIA V59| Machining 715< ©|&
Tooltpe | (Wmin) | (mwimin) | B0 A sje) NC 2@ AHSET, 7FE FPEE B
Min | Max | Min | Mox AT ANVEE TR 37ARE A9
E‘r’}l‘lgh EM 2?8 3:3 ‘6‘2 ig 420 i Atk Fig. 103 Fig. 119]14E CATIA V52 o] &
1
3 A= el OlME HAHAE, =¥ 7l So
Drill 290 | 348 | 45 | 54 | 16 | 19.1 :}Oq 4 ~ 4, A oi 1, be 5
Insert cutter 92 | 110 | 45 | 54 | 2 | 40 TTRRSE 7k AlEE IS HER Zlolth
Face mill 200 | 240 | 200 | 240 | 02 | 155
Drill 650 | 780 | 62 | 744 | 2 | 25 2.7 AlgahH
amier .
3 3 PARER-S o
Rough E/M 220 | 264 | 45 | 54 | 40 2 a7t HERT Y fjﬂ’l ]"—H“’ = 1‘1’4@ 0%—; T}
Flat EM 420 | 504 | 75 | 90 | 40 | 1 o) ojFolAMel stug, gz BE J1ES 9
Fillet EM 380 | 456 | 65 | 78 | 3 1 7V Z& 9 A BekE Aksk] S8 @2
Insert cutter 430 | 516 | 95 | 114 3 50 ATV ALE= AHE E BES¥Th I
Flat EM 440 | 528 | 60 | 72 5 2 Al BRE = 71 EHEe H Jj}s}o:] Bzylao]l ]z
R Ty
1 .
M= 31A] ES| a3z
Drill 600 | 720 | 35 | 42 | 55 | 33 Ego}(ﬁ% Fig 12?" = AJ]WOL © °t§ A 3
Drill 580 | 696 | 35 | 45 | 55 | 42 7ol tfste] At Aolm, Fig. 13l4= A 284
Drill 580 | 696 | 35 | 45 | 55 | 4 TA ARE e Ao
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(a) 1% stage (b) 3" stage

Fig. 10 Creation tool path of process
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(a) 1% stage (b) 3" stage

Fig. 11 Machining simulation of process
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Fig. 12 Machining process before improvement

(c) 3" stage (d) 4™ stage
Fig. 13 NC machining before improvement
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Fig. 14 Machining process after improvement

(e) 5™ stage
Fig. 15 NC machining after improvement
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Fig. 16 Flatness requirement : 0.5Smm

Flatness measurement dimensions (max)
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Fig. 17 Comparison of flatness by process
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