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ABSTRACT: Compared with traditional machining technology, abrasive jet machining (AJM) has attracted wide attention due
to its distinct advantages of negligible thermal effect, high machining flexibility and high machining versatility. In recent years,
AIM has been widely used in micro-cutting, micro-flow channel preparation, surface polishing and other fields, and its
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development has been changed from macroscopic scale to microscopic scale, from rough machining to fine machining. From the
view of the nature or origin of abrasive jet, traditional abrasive jets are mainly divided into (abrasive) water jet, abrasive slurry
jet and abrasive air jet. Firstly, this paper summarized the backgrounds, principles and characteristics of each jet technology.
Also, some new technologies such as multiphase jet machining and high-pressure abrasive dlurry jet machining developed in
recent years were reviewed. When facing the complex requirements of application, how to select the most suitable abrasive jet
technology for application is difficult. Then, in order to better understand and apply these abrasive jet technologies, this paper
made a deep analysis and comparison from the following aspects: jet velocity, jet pressure, jet beam diameter, erosion profile
and machining mechanism. Finally, the applications in microchannel preparation and surface finishing and the existing problems
were analyzed. The advantages and disadvantages between multiphase jet and low-pressure abrasive durry jet in terms of
surface polishing were also analyzed in-depth. The results show that the abrasive air jet has the advantage of using low air
pressure to achieve arelatively high-speed flow, thus the material removal can be quick. For example, an air jet of 0.8 MPa can
achieve an average particle velocity of 292 m/s, while abrasive water jet requires an operating pressure of at least 180 MPa to
achieve this velocity. In abrasive air jet, however, the expansion of air usually causes the air-particle jet to diverge significantly
after leaving the orifice, thereby enlarging the machining area, i.e., resulting in a poor resolution. A widely used method is to
cover ametallic erosion resistant mask on the surface of workpiece to expose only the area processed by the abrasive air jet. At
present, masked abrasive air jet can produce microchannels with widths as low as 10 um. The jet beam diameter of abrasive
dlurry jet and abrasive water jet can be as low as 50 um, and thus the microchannel can be directly etched on the target surface.
In terms of fluid jet polishing, liquid-based abrasive slurry jet polishing has lower material removal rate than abrasive air jet
polishing but provides better surface roughness. With an eye to combine both advantages, an attempt to build a bridge between
air and water-based abrasive jet polishing systems was presented as multiphase jet. W-shape removal is more complicated for
polishing path planning and would induce mid-high spatial frequency texture on the polished surface. Therefore, compared with
the W-shaped erosion profile in abrasive slurry jet, the U-shaped erosion profile in multiphase jet is more beneficial to obtain a
flat polished surface. Thisreview helps to understand the subtle differences among the abrasive jets, and provides a reference for
applying abrasive jet machining technology to microfabrication and surface finishing.

KEY WORDS: abrasive jet machining; mixing method; performance comparison; application fields; surface finishing
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Fig.1 Applications of abrasive jet machining (AJM) technology
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Fig.2 Development of abrasive jet machining technology
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Fig.4 Schematic views of four types of abrasive slurry jets
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power um MPa (mL-s™) (m-sY (volume) time

Case 11449 Pressurized water 40-60 70 Close Limited
Case 21381 pressurized water 125, 190, 840 2-30 116-135 Close Limited
Case 31" Pressurized air 180, 254 1-4 1-5 42-89  Close(500mL)  <5min
Case 41481 Slurry pump 50, 75, 100, 180 1-8 1-5 49-127 Open (20 L) Unlimited
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Fig.5 Schematic view of slurry assisted injection type AWJ
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K10 SRR (a) FESRR (b) RSHRR BARxt e B9
Fig.10 Comparison of jet beam diameter between slurry jet (a) and air jet (b)™°

His, AR D AR E 1 mm O B R i T
R (1),

Bl AL VR B Rk SR AL A 22 A L 1 02 ok A 38 % 1O
Fig.11 Comparison of jet footprint between abrasive air jet
and multiphase jet!®!
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PRI 1, U A2 4R o0
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Fig.12 Comparison of the stagnation pressure and particle motion near the impact zone between the dry and wet conditions®”!

Pl 13 ARk S A RN S O I T g o 1T

Fig.13 Comparison of machining profile of abrasive air jet and abrasive slurry jet!®®
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PBLC R N B R A R R R e, PR
A B, P AR PR IR B TR . B, SRS AR
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% 4~8 MPafif, RIS B4 5 2 90~127 mis i, W
AR MR U R phe BT, 78 Nguyen 45077
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I W AR A B, LR R AR I B X AR
JE0 FAT E LT A AE IR AL A RE B 0.5 mm(™
2 mm PN BE RS s 0.05 g/d7@ . 0.02~0.06 g/d™

AR /DT 40 pm Y4 FRI R ), @R, X
SO SR RN R B S8 FIRER T, kg k£
BOCHR P AR SRR (AAJ, 0~0.8 MPa) i
5RO P LAY 200, 38 H 7R MEPE R R T A VO
B (AR REG U B ). SRARETRAE 0.6~3
MPa 1) TAE & h— M # r=A W TR AR B8 5, HL58 )5
s MR YRR EE R T, RIS e L
TARKRARM (WE 13), Wk 2 il DIkEL, 7
[) 25 SR SR BE YL B (89~127 mi/s) 1N, JERMS S
AV AR RES I, TRARS A U TR AR SRR, B
WP BE AR L (3 B AR 2 MK ) X2
AR AL

xR 2 BHRSFRMREGFRESRZE T ERNEMEE
Tab. 2 Erosion profile of abrasive air jet and slurry jet under different conditions

Jet type Material Nozzle rT(]jrinameter/ Pr:/lsls:u;e/ Parti (:1I ;3] size/  Jet drinstnz:lnce/ Flow rate \/(il1 O(Szl};// If)rr?)?: (l)en
Glass 0.28 0.427 27 (Al,05) 0.5 0.02-0.04g/s  100-120  wi™
Glass 0.28 0.427 27 (Al,03) 0.5 0.07-0.09¢g/s  100-120 V[
AAJ  Glass 0.28 0.6 27 (Al,05) 0.5 0.02-0.09g/s  120-140  V[™
Co-Cr-Mo 0.50 0.8 37.6 (Al,05) 2 0.03-0.06g/s  97-186  wl™
Co-Cr-Mo 0.50 0.8 37.6 (Al,0) 3 0.03-0.06 g/s  97-186 v
K9 glass 12125 0.6 CeO, 6 w7l
Stainless steel 6.4 0.1~0.47 150 (Al,05) 12.7 10-30 wiesl
AS) Stainless steel 6.4 0.47 50~350 (Al,03) 12.7 30 wi™
Stainless steel 6.4 0.47 459-700 (Al,03) 12.7 30 i
Glass 0.20 1-3 13-17 (Al,03) 15 wied)
Glass’PMMA 0.18 4-8 10 (A1,05) 15 1.34-2mL/s 89-127 ylesl

Bl 14 BRI B WO R T
Fig.14 W-shaped bottom in abrasive air jet!™
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Kz, E 15b o, 51208 mn T
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ZARGHR (MJ) i w i i Boki A i TR w88 1 iF
ZRIE o X Fh I S S B IE B AT L v 0 3 1 ) 5
0% s 15c R, FEBSRFSSRIN TR, T
i B BURLAE A S 3R 1 B N2 DL SR S 4R Tk M3
T 5 A B 378 P Al 2 B S = A T BB PR i T R LAY
TR BN S bR HE S, TN A R R
LBr R mES (Impacting ) 51 EY, RS H AR
B FERE MR (Scraping) SRR, MEtEsR7E
ke T P o B AR R i o, IR, e R R
RN IE A WE PR AE 4 8 A BE RS B RE 4 8 A OREAY SR
RN, R R A R TR SR EORRE R, $2
1R TN T

il 16 Fran, MR AE AL B2 AH bR R B
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Pl 15 SO0 AR O 0 T A A e o 1008
Fig.15 Comparison of erosion surface between dry jet machining and wet jet machining'®®Y: a) particle deflection
in wet jet machining; b) surface machined by dry jet machining and wet jet machining; c) surface
machined by abrasive air jet and abrasive slurry jet

Bl 16 T SR B ) 22 AR R X g 1128
Fig.16 Comparison of milling surface produced by dry jet and wet jet** ®2: @) sintered aluminum nitride ceramic with
copper-filled through-holes; b) reaction-sintered silicon carbide and c) the related micro-vortex effect
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Fig.17 Micropatterns prepared by multiphase jet on reaction-sintered silicon carbide surface!®?
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Fig.18 Microchannels prepared by abrasive air jet on glass surface (a) and a microchannel with awidth of 10 um (b)®
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Fig.19 Case of using multiphase jet to polish the EDM-machined SK D61 mold steel®!
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Fig.20 The polished K9 glass surface using abrasive slurry jet!®®
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