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Abstract: Abrasive water jet is a highly efficient cutting technology. Through some sandstone cutting tests, the research
on the optimal impact angle and inclined cutting mechanism of rock-like materials is carried out. Based on the macroscop-
ic and microscopic observation of the cut’s inner wall, crystal glass cutting experiments are conducted to investigate the
cutting motion process of abrasive water jet under different impact angles, revealing the variation laws of cutting depth,

the characteristics of the cut’s inner wall, the trajectory of abrasive particles and the type of crystal destruction under dif-
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ferent cutting pressures and impact angles. The test results show that the average cutting depth gradually increases with the
increase of cutting pressure, while changing the impact angle can significantly change the jet’s cutting ability, and the best
cutting effect is obtained at an impact angle of 75°. With the increase of the cut depth, the curved jet trajectory texture
gradually appears in the cut’s inner wall , and in its bottom there are typical erosion pits and trailing phenomenon. The cut’s
inner wall is mainly characterized by four types of damage features such as fracture through the crystal, fracture along the
crystal, cut grooves or pits, and cement coverage, etc. It is worth noting that the four types of damage features appear at
different locations in the cut at different impact angles, and this phenomenon is mainly caused by the deflection of jet, the
direction of reflected flow movement, and the change in the reflection of shock wave and expansion wave. The vertical
and horizontal jet components (in the same direction as the direction of propulsion), which play a dominant role in the de-
struction of the target, and the horizontal jet component, which is opposite to the direction of propulsion, play a secondary
role in the erosion and polishing of the formed cut, but the degree of action varies under different impact angles. The mac-
roscopic model of the abrasive water jet cutting process is established by combining the trajectory texture of cut’s inner

wall and the observation results of the jet cutting process. The research results can provide a technical reference for further

improving the efficiency of abrasive water jet cutting.
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Table 2 Experimental parameters and value range
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HEE TR /(mm - 57 15
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P —— 65°, 70°, 75°, 80°, 85°. 90°,
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WRE/(kg - m ) HUEMREE/MPa HLASRE/MPa BHEREL/GPa IR I
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Fig.7 Effect of impact angle on the morphological characteristics of the inner wall of the cut
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Fig.10 Microscopic characteristics of the inner wall of the cut under 90° impact angle

SEETEL T R, Rl DGR DR RO SE N, JE K ST
TR JRE 7 P i 73 TR T TR 2 1) e AR
SR EU R A bl RE T A, DR, TR R AR X
AR ROUIE B (141 10(b)) 3 23R B i i T2, [+
AP A7 A /0 25 il T 238 L 1B U A Bt AR ] B 245 400 4 A
TEo AR T BRI, AR K b U 82 K 1] 53 2 1)

FRORAEL, G I RIORE B SRR A — i B e pe A,
{HEBRIU XA A TI0OL, NI, 5 iRk B
i b R L AR SR ORI e A W B s [R5 L
FP S DX SlXF H A B 8 X ) A PR R T ' -
(P 10(c)). EIRETRFEM, fEEROK I FRVIF LA,
DT PN BE S THT it A ) B R T R B A LN T8 2 1 39



55 S14)

LT A5 R bl OGRS DRIV RERZ R AR W5 215

BT IREAR, RIS L N R A ZS AR R P T, 7 ) 4%
TRBE T Pl A 2B AN TR] 4 b A IR 26 TR

MR AL 5(d) AP 8 I, AR D48 TR A whik A
N 75 100 249 H BRI L, FU B LU A -3 o
i RN s S B B35 22 5, S EUR ]
149 4 R 10 7% WUB SRR, TR, X bt #73 hy 7500
100° 2515 T ARD FH AR I 48 N BEBES T RIOUDOLI . &1 11
g 750k V) 4% N BEROULRRAE o d B T A,
750 by 1 AR AE R UIGE A BE LA DX R Hh S X AU

FEAE S i 4 R 90° I —Hg {HAE T AR X 32 %
FEI T it S 2 T T R H B 8 P R 2 ), 18 P
I B B RO At 3 A VE T o &1 12 2 10001
A AT U N EREROWRAE . T8 0BT, A B
ISR b S DX 7 A U o S B R T R S
A DR B MG R R DI AR BRI A 5 ok £
h Q0 AHZAL, E At AR [E] A7 7E ) R 45 /b, it
IRF B RURL HAT JO6 A PR AR FHAR L4 90° it £
F7N

(a) L lZﬁ)@h7.9 mm

(¢) FH#BX18A=39.6 mm

B 11 75wl 4 T UD5E P BE RO AE

Fig.11 Microscopic characteristics of the inner wall of the cut under 75° impact angle

. <3

(a) J:%KIZh=6,9 mm

(b lztﬂz=27.6 mm

(¢) F#BXIHA=34.5 mm

B 12 1000l f A5 1F T U148 N BERIOUASAIE

Fig.12 Microscopic characteristics of the inner wall of the cut under 100° impact angle

23 KBRS

TEK fb B B AR D N, 2R A IR RN
HEAGHIFAERAR, EEIE R J1 R 30 MPa, #E1HE N
100 mm, HAxRESHOLE 2. & 13 24 900w i
TR AR ALIC S K AR B D) R, L S AN
B R 5T U)ot R b R iz BIPIRA

TEER 1 B2 L U A R (1] 13(a)), 7F
JE R HORL th i VR FH R 5 | A 7™ A 2 ORI s Bl
W Sk P HE TR, VIAE TR B3 i HLE ARG 3 Hh ER A
RIS (B 2 B, AnTEl 13(b) iaR); 2 3 B,
TE LS U R S SO ) A [R) VT D4 TR B Ak 23
s b3k 3 AN 2] 5 HASHISH 25O m] Wi Ak iR 50 25
B FE5 4 B2, BERHEUR R R RS IR R

FIREAR, (EATYRE A Lk S XD S I R IE il — 2 (1) b psh A
FHTT 2R 7= Az whvishdrc (] 13(d)); Bl Mtk Ak Sife it
R AT Z1), ZEERL SR VI RIRRE 5, 1 4 AU HIE) 2]
HE R E B EEDIE T, W bRl LIE
t1y, 90° it £ s 5 ST B S L 5 K - THD Y e F BOK
PR, B 08 DD 19—k sp i A R 1 85/,
[Fi) 1, 2 Wl At 1) 5553 2 1 ) SO O D08 7, DT
FEGEAR BN BAETIFIRCR; 5380, TR e T
VISENCHEB I Bl o b bt o 38k &1 13 WIS o i 22
AR5 R 20 R SR s R VR R, R, BT L
3 2o U 7 RSO SRR R 55 I 22 B I R B, AT
REAR S St i B TV, 4 e B AR DI IR )

(] 14 Ay 750w A B v ERAR ML IC SR R K b 3



216 # %

2024 4F55 49 4

(a) &5 1H ) (b) 228 Z1

(c) 5305 %)

. -
(d) At %)

-al, *

b2

(e) S55HTZ)

K13 90°ompits bl
Fig.13  90° impact angle cutting process

(a) 510 %)

(b) #2mZ%1

(c) 3

(d) ZB4r %) (e) 5Kt Z

K14 75ompit LIl e

Fig.14 75° impact angle cutting process

BRI . E X 14 1434 AT H, FE S — I A,
RO B R o i VR 7= AR 2 WV 4% s T T 2
Bh 2, Bt W Sk RR SR IE, T BRI A 7 9 S o o
LS 6 120 B 1 K SF- T 2 , I s 2 9 43
it N5 M T ) R [R] A KT SR AL A3 R ) 24 1 T L
e 3 AR, T -S54 5 ) AH S8 7K ST S - ) =
BN EIE USRS R b ik K e, R AE
L 90°nfii It K, REAGIE— A MY 48 IR, Lidad
FERFEEAT e LN BEVED . 53 A, E V)48 S Rl B A
FE KB 4315 RS g g

W 15 K 100°0h A 5 BERARALIC SR 7K i
POYI R

I 25 A R 13 R 14 BERbmE S 5 5 S AR T
IRk BN S R e R R Ay [ Rh e~ (W (E D0
BRI B S 00 TR B 2 S S HEE Ty In)
FRTR A 7K S 43 vk BE S IRL . 750 uhis B, B
RHIE S i) 5 1l 15 1] ) 2 7 R 36 A, G o B e

AT DA R AE I AE DS TS, /NGRS o0 B B HSORL v
S5 Ty ) AR R ) B AR, PR, 55 R D ) A [
{14 78 ST S 3L 43 Yo A A e e ok 7 A5 T 100° ks £
BF, F T B RS S O ) 5 4 1 O 1) e AR Ol A 1
JSL P RSO AE KT D 1] 18 43 B 00 1 A e, T -5 4
PET7 )RR B KPS AR B/ N kst g, DALt
P 4 T A o £ 5 100005 28 MR 48 R [0 #
e, &l 5(d) s . 3k, W 15(c). (d) Fis, 7EY)
BENCTRIRIAEIE B 2 i i
2.4 BERKEHR YR EMAER

R A B Ak 7K S A VT B B 25 R D) 4 PN B T S
TIE B K it B B i v B AS LRI 45 SR (0 2565 43 #T
ST B LK S A AN [ b o A 2R A T D) R R A
AT, Q] 16 B o @A o3 Hr ol 0, vl fAS ) i
IR IUR 132 Bh T8 45 ASAH R], AT AN [ (4 1)
HEFFAE, (RS B B RLK SR B D5 A w] 4 R
4B BL. LA 90° s A A B T UREH: 55 1 BB



55 S14)

LT A5 R bl OGRS DRIV RERZ R AR W5

-
.

217

(a) ZE1M %] (b) ZB2m % (c) ZE3m %l
B 15 100°nfd; Ml iz

Fig.15 100° impact angle cutting process

(d) 254 Z1 (e) ZE5m %

HIR R BT B, S IFIBESL AL S ES O X, I, VISER
JEN Dy, SHAREEFIRTHEDE x; B, VISEGRIELIINZE by, 15
L IRUIEE AR P R AL A AT LA 1 R, SE K
i U BEE DVRIBCSRARSERTAS (), VISETRBERG N
Z hy, th T UIGE TR BE SRS i DD R AR AN,
DR IH B A S DK 1 Bl e Ry B R R, = U R OK

X, x; BB ‘ LN

[ |

SR BIVIRIRE S B H 8, R ERZEAAE R
TS VIR T7 10 R S A 25 i DS 2, HOHZS i
e B D) RIS HEVE I BRI TZATHE R (G 2 BrE);
HUIFIMEL ARSEEDE x, RS 3 BB, AR IR E
MR R UIBETR I hys 55 4 WY BOM S E DI #I B Be, Al 3
O EAE AT, B AR SR I L

x; BrBe1 Bl

Xy

X3

B

B3 BB \

X, Xy
}

EE]

s

]

B \
2

F B4

i

XXy Xy Xy
|

hy

(b) 90°yhik f ‘
B 16 BERE KSR E i 7 2 AR

Fig.16 Macroscopic model of abrasive water jet cutting process
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