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Fig.1 Microstructures of Ti,AINb: (a) coarse Widmanstatten microstructure, (b) equiaxed microstructure, (c) duplex microstructure®,

and microstructure of y-TiAl, and (d) fully lamellar microstructure!*!!
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Table 1 Performance parameters of Ti-Al intermetallic compounds with several other superalloys

Performance az-Tiz Al y-TiAl TiAlINb TC4 Nickel-based superalloy
Density/g cm™ 4.15~4.9 3.76~3.9 5~5.8 4,54 6~8.68
Elastic modulus/GPa 95~115 160~180 102~134 110 199
Yield strength/MPa 700~1150 400~800 1030~1292 380~1150 800~1260
Tensile strength/MPa 750~1200 450~900 1245~1413 480~1200 1250~1450
Room temperature ductility/% 2~10 1~4.2 3.5~10 5~20 3~10
High temperature ductility/% 10~20 (660 C) 10~60 (870 C) 6~14 (650 ‘C) 15~50 (550 C) 10~20 (870 C)
Fracture toughness/MPa-m*? 12~80 12~35 39 52 30~100
Oxidation resistance limit/C 649 800~950 1100 600 870~1093
Thermal conductivity/W-(m-K)™* 7 22~24 7.87 6.8~7.95 13.4

Coefficient of expansion/<10® K 10 10.8 8.22 9.1 11.8




355 M o IR 25 s Ti-Al F B 140 A ks 85 0 AT Fe ik Jit

1869

TR A wE ) A TP A TP R
BWHA (MQL) ¥ @i B ARIEH A (LNCT) P4,
A RN ks T CECM) BBk qE
T. (EDM) 281 ik o5 o T v 3 A i1 601 B8 ¥ 00 T g
% 3845 T T ) TR T, I 1A B R TG R
YIEI AU B s TR FE R e R s . B
Wbz A SEFH E A A ) I )R N T AR A O
T AR R Ak O AR A7 B TS ) AR
A A I ARBA KBRS BN T (UVAM) #
AR el S AR ShAR B TR R R T4k
b BERDRE TR 58 5 A0 RS i T A R B,
Jon s R D7 L BT A s AR Bl 3Rk 1 K I A
gl AR S LB B i TR, BRSO PR AR
PIHI 3, Wb T BRSSO TREFRE. W
Muhammad®* &5 41 ¥ 75 318 30 Jits i € 7] 2 338 3h 75 17
E, P EE A 10 m/min B, Ti6Al2Sn4ZréMo Fl
Ti6AI7Zr6Mo0.9La 1 U1 H 77 35 % 2 [ K4 59% il
74% . PatilP®I2 % f i A 4R 2 in T Ti-6Al-4V i, & 3
DI IR FE B 3 PR AR L) 48%, YITHI J1987)y 40%~45% ., {H
KRB EIRSBINT Ti-Al R4 8 L&Y T
AR TE RS G B, [ A AMEE A Skt JL R AT 08 .

IR E V)8 T A S s HE S R 2ot ) B E . ©
I AR TH e Rt B R, i Tl R T R
S B 53 1T 5 U 0 0 RN AR B AR A, A R £
ERE M T RECT0, Bk T ik & B it
R 2 e AR JAENE NG H B  m oit mrilm A R, DI HI
JIR A I FE v AR LI AR BARRAE o X Ti-Al
A& R AEPRE % N T A U EIvE e AT T, XFiR
mVIHIRE, AR IR B, RIERT R ER & EE
=X
3 IHITERERORR IR

NTHRA Ti-Al ZREFERLED IR T, E
P A2 9 A R BRI . DD 1. DIEIIREE |
I g 25 J 71 H B 355 J7 T 3k 47 A6 ¢ I A1 M B 1 o
Fi, AT A RE R JE— 20 R FH 4 i — 5 Y B8 SR
IR -
3.1 Ml KRN

MORLDD I I A2 A BE ARG 2 B R, MREE
B AL B (4 B9F 9 B AR T 4 T T A 2K M SR EUM R 25 Bt
FEHMHRE R, A& @ WO TR M EH
P Ti-Al & &8 [R46E YA B 25 BR AL B 3E AT B 5T

Ti-Al R & @ a4 & P45 I Tk R o Y] /1. 1) 41 SimU V5 SR F 14 B S MR 7 R R ROR R AR

F2 Ti-Al REREELESYRIBEEMIREAR

Table 2 Precision machining method of Ti-Al intermetallic compounds

Machining technique Material Research results
Machined surface without cracks was observed in high speed milling,
High speed cutting y-TiAl while material adhesion, arc cracking and remarkable work hardening
appeared in high speed turning and high speed drilling®"!
The normal and the tangential grinding forces of TiAINb were two
Grinding Ti,AIND times of that of Ti-6Al-4V, but only 1/3 and 1/2 of that of Inconel 718

alloy. The grinding force increased along with the cutting depth and the
feed speed!!

Atomized particles were accurately sprayed to the cutting area. MQL
improved the local high temperature in the cutting zone, enhanced the
performance of chip breaking and chip removal, and the surface
roughness reduced significantly. R, was about 0.195 pm in high speed
milling®*?

This technique was beneficial to reduce the temperature of the cutting
zone, restrain the tool wear, and improve the surface finish. A
cra<[:4ksifree surface was obtained and the surface roughness was 0.4
pm

The penetration efficiency of coolant was improved, and chip crushing
performance was enhanced. C-shaped chips were easy to break. The
tool wear was in side and tip location. The wear near the cutting edge
reduced as the contact length between the chip and the tool was
shortened!*

The electrode feed speed was a key factor affecting the material
removal rate, surface roughness and processing clearance. The material
removal rate reached 273 mm°®/min at the feed speed 2 mm/mint“®4€]
The breakdown gap was large and the flouting effect was sufficient
under the condition of open-circuit voltage 250 V, the current 80 A, the
pulse width 75 ps and the optimal duty ratio 0.5. The material removal
rate of 45XD and GE48-2-2 reached 45 and 58 mm°®/min,
respectively!*”]

Minimal quantity lubrication Ti-48Al-2Cr-2Nb-IB

Liquid nitrogen cryogenic

technology y-TIAl

High pressure cooling

Ti>AIND

Electric chemical machining y-TiAl

Electric discharge machining GE48-2-2, 45XD
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Fig.3 Cutting force and tool wear of y-TiAl under dry cutting and liquid nitrogen lubricationt®
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Table 3 Experimental and simulation results of chip morphology of Ti,AINbP®*

Cutting Chip experimental Chip simulation Experimental Simulation Error

condition morphology morphology data data degree
70=3% a,=T° -

a,=0.1mm h¢=0.121 mm hc=0.125 mm  3.25%
v=20 m/mim

Vo=3% a,=T1°

a,=0.1mm % he =0.11 mm h¢=0.112 mm 1.8%
v =40 m/mim : G=0.31 G=0.3 3.33%
Y0=3% o, =T1°
a,=0.1mm he=0.103 mm  h.=0.106 mm  2.83%
v =60 m/mim G=0.42 G=0.4 5%
Vo=3% a,=T1°
a,=0.1mm hc=0.097 mm h¢=0.102 mm 4.9%
v =80 m/mim G=0.52 G=0.49 6.1%

TR R TH R AL, PR R R AN T R A R
%, TEEHZ Ti-Al REE SRS I TR,

LB B N Ah 2 3 A BN H R L T B A
(TJRRE R TS50 M6 R & 4T 7] B B 455
7t, Priarone®4 S b dg 77 s BEE] y-TiAl 7 B fiif
FHRETRE e, ) L B2 451 it 26 I Vi T 2% A2 R Bt ) R )
AW 8 fian: [FZEVIEISECT T U1H] ) B 5 dr i
K, FLAGHE A TETE T BT 7] H RS2 R BB R,
VI ) 52 2| b i = &, TR G PR, s
W HEATA KIS AEMHE, K TAEEdG. [
SN AT, 24U EE B 35 m/min 2] 71 m/min
I, BB B R g, X ) H B R
TEH AT LI S IAE ) 70 Je it JITH BT MR
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Tool wear limit

—&—v=71 m/min, f=0.10 mm/tooth, DRY
—O—v=71 m/min, f=0.10 mm/tooth, MQL
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Fig.8 Effect of lubrication condition and cutting speed on tool
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Fig.12 Effect of grinding depth on Ti2AINb surface roughness and topography under CBN wheel and diamond wheel [*?!
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Fig.13 Ti,AINb surface defects under different grinding depth: (a) 0.01 mm, (b) 0.02 mm, and (c) 0.03 mm (with CBN wheel); (d) 0.01 mm,

() 0.02 mm, and (f) 0.03 mm (with diamond wheel)*®!
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Fig.14  Influence of cutting parameters (a) and polishing

processes (b) on residual stress distribution of y-TiAI®"
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Fig.15 Micro-hardness distribution of TiAINb under different
grinding conditions: (a) using the CBN wheel and

(b) using the diamond wheel®
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Fig.17 Ti,AINb metallographic microstructures under different grinding depth: (a) 0.01 mm, (b) 0.02 mm, and (c) 0.03 mm (with CBN
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Research Progress on Precision Machining of Ti-Al Intermetallic Compounds

Gao Guofu®, Fu Zongxia?, Wang Yi', Xiang Daochui*, Zhao Bo'
(1. Henan Polytechnic University, Jiaozuo 454003, China)
(2. Pingdingshan University, Pingdingshan 467000, China)

Abstract: Characteristics of room temperature brittleness for the rare material Ti-Al intermetallic compounds limit the choice of precision
machining technology and its application in aerospace and national defense to a certain extent. In order to promote the adaptability of rare
alloy materials in precision machining technology and obtain good surface quality, the article reviews the research technology on the
precision machining of Ti-Al intermetallic compounds. First, the properties of materials and the overall status of precision machining
technology are summarized. Subsequently, the cutting performance (material removal mechanism, cutting force, cutting temperature, chip
shape and tool wear) is mainly analyzed. Simultaneously, the surface integrity (surface roughness, surface defects, residual stress, work
hardening and microstructure) of the material after processing is summarized. Finally, the ultrasonic vibration-assisted machining
technology used in Ti-Al intermetallic compounds is prospected to provide a certain theoretical basis and technical support for the
processing of such materials.

Key words: Ti-Al intermetallic compound; precision machining technology; cutting performance; surface integrity; ultrasonic

vibration-assisted machining technology
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