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ABSTRACT: High performance difficult-to-machine (DTM) materials are increasingly applied in advanced applications. The
precision and accuracy requirements for key parts enhance unceasingly, but the grindability of materials with high performance

is inferior, which proposes an enormous challenge to the grinding process. To improve the surface integrity and reduce grinding

WREH: 2021-11-15; EITEH: 2022-01-14

Received: 2021-11-15; Revised: 2022-01-14

HEEWE: RINTHRERE A FELETZEFT (ZDSYS20200810171201007 ); FIFAF B (KQTD20190929172505711 ); #E I 7 3L
EHAAHA A (KQISCX20180322152221965 ); RN T £ LA A (JSGG20210420091802007 )

Fund: Shenzhen Key Laboratory of Cross-scale Manufacturing Mechanics (ZDSYS20200810171201007); Shenzhen Talent Project (KQTD
20190929172505711); Shenzhen Peacock Technology Innovation Project (KQJSCX20180322152221965); Shenzhen Key Technology Project
(JSGG20210420091802007)

EERN: F548 (1986—), F, Hd, T2HAFT AR HEBEHNRRSE LEMAERYG m TR K,

Biography: LU Shou-xiang (1986 ), Male, Ph. D., Research focus: ultra-high-speed grinding technology and low damage machining of
composite materials.

BHAEE: KA (1957—), B, Wd, HAHR, LEHAFTOIRGEMEPIEL, 45512,

Corresponding author : ZHANG Bi (1957—), Male, Ph.D., Chair professor, Research focus: theory, equipment and technology of
ultra-high-speed precision machining.

BIXH&K: fFAE, A, R, F. SRR T TR B REED]. RBHEK, 2022, 51(3): 12-42.

LU Shou-xiang, GUO Sai, ZHANG Jian-qiu, et al. Grindability of High Performance Difficult-to-machine Materials[J]. Surface Technology,
2022, 51(3): 12-42.



51 3

FISPARAE R PR REXE AN AR AT ) 1 F 5 3 13-

wheel wear, scholars at home and abroad have carried out extensive research. This study comprehensively reviews the recent

research progress on grindability of DTM materials (e.g., metallic materials, ceramic materials, and composites) from four

aspects, including surface integrity, grinding wheel blockage and wear, grinding chatter, and advanced technologies for

improving grindability. The study first discusses the characteristics and common problems of grindability of DTM materials and

summarizes the underlying formation mechanism of machining damage. It is concluded that the main strategy to improve the

grindability of a material is to reduce grinding force and temperature. Furthermore, the study analyzes the sources of grinding

force and temperature, and their influences on the surface integrity and grinding wheel wear. On these bases, the study puts

forward a process strategy to reduce grinding force and temperature inspired by the ideas of “reducing the inflow” and

“promoting the outflow”. Finally, high-quality and efficient machining methods for DTM materials have prospected. The study

points out that high quality and efficient machining of DTM materials rely on the continuous development of various advanced

techniques, including high-performance grinding wheel and its dressing techniques, high-efficiency cooling and lubrication

techniques, multi-field hybrid grinding techniques and ultra-high-speed grinding techniques.

KEY WORDS: titanium alloy; superalloy; hard brittle materials; composites; grindability; surface integrity; grinding wheel wear
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Fig.1 Typical surface morphology and defects of grinding titanium alloy : a) material smearing;
b) cracking; c) heat affected zone; d) grain elongation and refinement
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Fig.2 The hardening layer of TiN formed by grinding TC21 titanium alloy'??: a) longitudinal section of sample;
b) morphology of TiN layer; c) bright field image of sample surface; d)polycrystalllne diffraction pattern
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Fig.3 White layer formed by grinding nickel base superalloy IN738LC*"): a) optical micrograph of white layer;
b) TEM micrograph of white layer; ¢) micrograph of white layer under continuous dressing of grinding wheel
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Fig.4 Surface and subsurface cracks in typical hard brittle materials : a) grinding induced
surface cracks of reaction sintered SiC; b) grinding induced subsurface cracks of BK7 optical glass
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Fig.5 Surface morphologies of amorphous glass after taper grinding

1381 g) global morphologies; b) no grit interface region;

c) ductile grinding region; d) ductile-brittle transition grinding region; e) brittle grinding region
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Fig.6 Surface morphology of YAG single crystal ground by wheels with different grit sizes
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a) surface ground by 6000# wheel; b) surface ground by 4000# wheel; c) surface ground by 800# wheel;
d) subsurface ground by 6000# wheel; ¢) subsurface ground by 4000# wheel
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Fig.7 Grinding surface morphology of C/SiC composites at different cutting angles
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Fig.8 Tearing caused by weak confinement of fibers''”": a) cutting direction parallel to the fibers;
b) cutting direction perpendicular to the fibers



.20 -

2022 43 A

a fLH O MR AR

Delamination

b FLH OB TR AR

Pl 9 CFRP EEFLANTH F A 53 J2 R 2445 47515

Fig.9 Delamination and tear damage of CFRP hole exit®®?: a) surface morphology near the hole exit;

b) cross section near the hole exit
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Fig.10 Subsurface damage of fibers in ceramic matrix composites under different cutting directions'*>": a) cutting direction
parallel to the fiber cross section; b) cutting direction perpendicular to the fiber axis; c) cutting direction parallel to the fiber axis
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Fig.11 Typical grinding surface morphology of SiC,/Al composites™™: a) smooth surface;
b) matrix smearing; c) reinforced particle crushing
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Fig.12 Typical grinding subsurface morphology of SiC,/Al composites'>™: a) matrix smearing; b) reinforced particle crushing
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a) morphology of wheel after grinding; b) details of adhesion; c1) intact; c2) flattened; c3) cracked; c4) fractured
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falling off; b) morphology of abrasive particle crushing; ¢) comparison before and after abrasive wear
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Fig.19 Grain pattern parameters with examples ( Ax-line distance, Az-grit distance within lines,
o-line angle, Az,-axial grit displacement between lines)
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Fig.20 Comparison of blockage between wheel with controlled abrasive clusters and conventional grinding wheel in grinding
CFRP!"): a) the conventional electroplated grinding wheel; b) the electroplated wheel with controlled abrasive clusters

200 pm

2 BB CV DR B R b L7 S LS
B 21 OGEem CVD (L B BN T4k 4 i % 22 15 3 L 4]

Fig.21 Comparison of blockage of different types of grinding tools (grinding titanium alloy

) 1491,
a) blockage of laser ablation CVD microstructure abrasive tools; b) blockage of common electroplated diamond abrasive tools
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