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Influence of Abrasive Water-Jet on Workpiece Geometry
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Abstract

Abrasive water-jet(AWJ) machining is a new
cutting technology. The AWJ can cut various
materials such as metal, glass and stone. However,
the AWJ machining makes troubles including kerf,
rounding and side taper. In this study, we
investigated the correlation between parameters of
abrasive  water-jet  machining and  cutting
characteristics. The machining parameters were the
material thickness and the traverse speed. The
experiment was conducted to cut the stainless
stecl(STS41) and the mild steel(SS41) specimens.
The results of the experiment were presented as the
relation between cufting conditions and troubles of
a dimension error, a conner error, an uncut width
and a kerf.

Keywords : Abrasive water-jet, Uncut width, Kerf,
Conner radius error, Traverse speed.

LA E

agoes ¢4&d Ed Gameto]} Silica Sand

& ant YAE Ao] o R BARIE WVt
9] d%F9) Abrasive Water-Jet(AW))e] =159
A 71&E9 Ad 7139 AYHES v} 5
3 do) NS A3, HeF 2 EFY 7
&o] AGE #HolA Tl EgERv JpFoR
Agd AS, Agst 4o 4% 9y, 9y, 7k
38 doy= AR Ay AFTHY A=
A3 AgTh AWIL 24, #, A4 59 A

—-585~

22 99 o WY, WAL dovA gen,
o)A} Zg=v J1F o2 AdEy] 7AdERE
v H F72(50mm) Az} G FE T F
ek

29 AW] 7HF AL 2R, Ao 7led
W olde] PCNC Ao 7€ 2Fsd 9
S AF AYe 9 & F YA HJAG =¥
AWIS] $8& Bolx A9 Aol ofz}
EA A, dWg 5o Ha FoHE FA
w 7|4 Agwut ofe it EE F Ugd
Agd A E A= B A g

a8y, 2E 9 J13S 8 A$ THEY
Edd @AsE Holy, ged, AYER T2
2 A3y 71E9 RAE/ FA X Holg.
AWIY) A S$E A HsEY 9go2 A%
ZAEZY A ZE/ B2 Aol e 4
Aolth o3 AW] 7}1FE ¥EA9 SA4& B9
3 dasr] 9F A7 AA=FE AP
A 9t} HashishV= AWI 7H38 & 9 7H8 =
o) e FFHE S4F AW 7HFE A =
g AA P Geskin®e ARAES AW 7}
A FAE Edo ANIHE 2AFHE Jd35
71 98 AFS dQo

aurg el AAIES A$ LA dFEol
Hoz wady| g 4A9 AR 2HE 7
37 oj@e wdd AW 71EL A9 A
A AEEd AAA 4L Ay F JueE 5
Ae 7AXz: ok 2, AWI 739 544
Aoy 22 P& 2 FA EFNF AFHY
A7 Z9 Ade ZujxE AR 53 x
zo] o]& £Ed wEA 7Fd XA 5Ao
U BB Agd o7t gt wEA
AW] 7FBAAN B9 AGES4d A 477
g dAe



2 A7 AE AW ATAH w29 0%
5ot 249 FAZ WY o A 4 2
¥ A wASE 4% Gl FUSYEL
A9e B 4vug

2. AWJ 7 4 AdolE

2.1 AWJ Z A9 &

AWJ 71371 NC Ao, UH, ¢ F2
3z, A% FFFA, =&, 4EFA, AEd B
7 dvlgdAE wolhly] 9 F22 FHEH

Fig. 1& AW] #AX9 74& Jdehlie A
Toltt. BE 60~70Hpe H7] REV} £ =%
AAE FEH7) A £ FEZANZ 92H
o, ¢ 5 e £ AL 92 &
th. FEHE B E¢Eo] 49 ¥ 9 29
H2e Aol vlEE WAy HEe HE
Az g g8 FZEAXNE AXNA B8 AR
e 9d B2 AHAE ¥E 9239 A4
4 9on, FRAANE F H2EY FAY Ao
o ¢sle Y WAAZITE AccumulatorE ¥
AHE Jetd] ¢E WES Fo17] A% ¢ F
AR dZE. =22 Ui 3 dAntg
AE A 94 Fure 8922 FAH 3
on, 9B, AvlA FFEAL AEH &
ot gEZAE F FAHAX, NC ZEEYI
g ZRoly g @F olF FA o o3t
AX 7t Aol FRHES AYIH

Hydraulic

drive unit ?

In(eun‘s!:her On/Off
pump valve

i

oF

\jl

Abrasive
~a— Sapphire orifice| delivery

chamber

l —~a—— AWIJ nozzle

7777777777 ~a—— Workpiece

Fig. 1 Schematic of abrasive water-jet system.

Water

—586 -

2.2 AWJ Aol &

Hashish”& 19 @Foq 22 v & A
npR g Wy vir Jddor TEHHAL W
g vk geedE ERd AYNS FERIE
ABEAQ BAFHKer7t 4380 de vt
= ggolxe Az AAZe theH 2o

149m, , Vo 25 15
TP, ( Vi o

v

~
—
~—

g7A om,E Ant YA vAF A
Folrh. p,& A AR WEW, Vo' =
S EHE Jete] Holn, Ve AAg 2A 9
Ae Tiste TAE WRAMY et £

o dn oy o

4. S5 (45) Ade gHes P
oz 250t Ef ot THE WFAA Jetol

22E o2t Zxolw, P BAY dvt

R3
Vv, = (1‘5’0—’)”2 3)

471N ofe HESHCIW, RE ot A
oz AeRE YR 4F azelth

d.

Ry = d, )]

4714 dE Avt PR ZUFE2A AF
ol®, dix Avt dAe AEolTh AR AAZL
Z2Y AWIY o dd uE IF HoE 7
Ae7] skl A AALTH AR WFE] 2
g s ohg3 Zo) verd 5 Atk

dv = ok u d; )

A71N ok WA AR Aol ve =E9

ol &E, 1YL 4 Jetd] AFeolth. A1)



AG)E diygstd HES Had ohe 2o

H
. dh _cd; 14m,
fo (V, | V)H® 2.5( Tudto, ) ©

H6)YE Hol st A A= v

g 4 Uk o) ARHow Y mEd o
4% @ol HE 7T & Atk

Cd,' 14ma
2.5 nud? o,

v,
H.= ()% ™

Fig. 25 AWJ 3% 332 ved 2ol
“Zol A EAbE Jeto] 2419 90° ZEE ol:-—m
=R i = o B ) R S R

0 E
= Hgo] AR 2gAuA Jeto] 2FH
Cddo] AYHE FL Jet2 =FY olF %

7 w2 g2Ed. g, 2REe Bl
< Jete] FF9] whake] wZ9] o|F W T
o2 vy AEY. g, 7tFe ERE
A FRE]l AAdA 4] ddo] o] FolR
¥E PEw FE(Uncuo] A71A "t Jeto]
F HA @i &A% Aoz Aoy Hd
2 Ao az 2(Step)o]l WA god,
o] A

PHEA 2¥lo] PR Z olFg &3
o2 Q3te A€lo] M7A

[<=}
!
i, A" 292 ddo] JyHE F AA

R oFam oF £¥9 AR

@
Jet traverse
TR e
o il Exit

ol

of 1o i of e @ Lop X 2 fo oo fL oy

oX
)
A

Entry

Fig. 2 Cutting mechanism at AWJ.

@ 4497 gerh Wy s

224740 Zxel AN FEE w29 oF
S G g w29 olf Sxt
g4+8 TAE AURY AR H 2go)

§Slol SHURE OFEBT. BN, 2ARYE

K

FetA wEEE 7}1] A do. o= ‘:.ZE‘——J °]
& Sl A Jetd] FA
ZE7E o geA7] WEolt. =29 oF &
=7 =8 E 22FHY 2& £Hd A
of, dd w2 g9 o] HIl HAX7] HE
o ddde FHE HddEn

3.43 ¢ 123

3.1 A¥9 4 4 7HExd

AT 7tEE AW AT AR
AWI 7FE719) AMA & Fig. 33 Fig. 49) vehy
Ak AlHd = ¥Ae] g F Fie 4 T
B = e 7 REY 3y F, a29n
ZAd REE 2% AR AE e 7 AT

A L
Slo
£
10 B
20 | 20 20
60

Fig. 3 Geometry of specimen.

(a) Catcher (b) Intensifier

(c) Nozzle assembly

(d) NC controller box
Fig. 4 Photograph of AWJ unit.

—587 -



gy AMEEE SS413 STS304E8 Alg3tgon,
Fod We Y& BRI A% AW F
7A1E 10mm$t 20mme] F E£{F2 AYS IRk
AEzAL gEE 3200bar® A} =FH o
14 $E2& W3 A 48E 3 =29 9
% £S5E 10mm FA2 SS41 AHE 65~
80mm/min, STS304+ 60~75mm/min 7}A] Zz}+Z}
Smm/min® W3E FUrh 20mm FA 2 SS41
& 25~40mm/minE AAL ¥ o, STSI04=
20~35mm/min 7}A] 10mm A]#E 3} Ze] Smm/min
4 WHEE FAT =FF 1A Aleld A
SmmE Fow, dulYdAE Gamete 2 ==
Mesh 802 A}-&3}4t)

2289 EXA 7= Fig 394 10mmz A
9 AREel Az, B APl Fwol
329 Be WY, 0omz 4P CP
g B2 Do ¥4, 28z
2aaaY. 7 2¥
Aox 53 %ol

AW 7 R FAold AFE =59 o
% &50 B2 JF et =FY oF &
7t =2 dSE g9 YEve 22759
g3 AF A7t EdEE AE ¥R 7
AR

Fig. 55 2749 259 $7d me w2

o
=

5 &5 wad ge 488 A%z Aot
223 E7oz ok BEe 2RE duR
A o8 sl vehd Lotk x

g9 oF

%7t w5 Jas] WP AE

7 EAEA Hol A4 oA FARAL, &4

o FA% FANALE L7t ARG,
ot Aw APF %=Z9 oF L W

gAY, FAEY FJHRE ‘%ﬁ@—?% Jete] #H

ol AR T, TIAE G AY Y =&

o Fwpe] HX5A Aok WM, FRAE F

Hol Fuioa HghE 9x7 Mz t= cq

o] 9z ol wFo ol HxUl FrlESF

o ARG, 282z, AHe Ag wgkol \3].1,117."
T 4F 2d 7 W a9 sy
Z ol% W9 ‘&EH Fow o7t A7A

sardd WP
Wapel woE 3

Jeto] 2 REoAH xZF °]%—

2Eg A7) HEot
o Fd YR Jeto] WHEH
Fzo wlsted F7H3aL, Jeto] HEFS] A=
£ Jete] H
22z g
FA2 FAZ us FIAE AU o
o A fxe HAAe Frhev. OdgM =&
ol% &7t TUEFE, AR FAN FA
FE FRE9 Iy REY stEFAAY A
LxE Fhen
Fig. 6& Ado] AZH Fus XA
w9 ol £xo WE nEg R g =
Aste] Vel g Zoltt. Axfel FAZE 10mm
d w2 gl FAY F A AERE T8 F
tth 28}, 20mm A|HAAE o] o] Foix
2 e udG R wAsg. nAEAG FE
9] 2o wZ9 ol &£xd HEH3S FUHEIA
th ool x=E9 olF £E7} %ﬂé?i kel
R a] REoA Jete] W wigo] x=F9] ofF
Weo g v we M3H7] WiEo|th

o
d
N
N
L
V)
o
2
=
i
>
s
o
_‘

4 d fo udo ot fff flf o e
)

(o4

—u— $841 (10T)
048 || —%— STS304 (10T)
04z | /

H .
5

e & 0L /
3 - P
k! o
2 o3l .
a //

024 & o

Traverse speed(mm/min)

(a) Material thickness 10T.

—=— $S41 (20T)
18 | —*—STS304 (20T)

16

Distance ervor (mm)
N

12 ./

0.8 1 L A It )\
20 25 30 35 40

Traverse speed (mm/min)

(b) Material thickness 20T.
Fig. 5 Distance error versus traverse speed at A.

—588 —



5

4

T

Uncut width (mm)

6} | —u— 8841 (20T)
—e-— STS304 (20T)

Fig. 6 Uncut width versus traverse speed dt B (20T).

A
20 25 30 35 40

Traverse speed (mm/min}

0.36 ﬁ

032

t

Width error (mm)
o
3

o | —a—$S41 (10T)
—e—STS304 (10T)

1 i g — i

06

60 65 70 7 80

Traverse speed (mm/min)

(a) Material thickness 10T.

0.5 M

—n— $S41 (20T)
—e— STS304 (20T)

Width error (mm)

20 25 30 35 40
Traverse speed (mm/min}

{b) Material thickness 20T.

Fig. 7 Width error versus traverse speed at C.

Fig. 72 Fz&

Uebd adzold. TA4E o A4 oAE

Z9 o5&

A &3

g IR

&, 183

Askel

Fig. 8& #&
£ &3 agzoldt. F3Ey
Ze] wid whako 2 Wy Jeto °é‘ﬁo*£i <

H

%

=9 Al T vt Ftst
Atk BHE dure A4k 4RF AFpo
A9 ot FAE URoAel 37
S At YAt AR Y5
FAE URAAY Jeto) $E Wz

ZAge HolH 7t A7 WiEolth

o) A5 9x}E 243

29 77 e A4 o3
JuRE A

oslL—*— STS304 (207)
04 L /

ol

02

Conner error (mm)

L 1 L i —_
20 25 30 35 40

Traverse speed (mm/min)

Fig. 8 Conner error versus traverse speed at D (20T).

(a) 20mm/min.

(¢) 30mm/min.

(d) 35mm/min.

Fig. 9 Relation between kerf geometry and traverse speed
at E.

of Agy By utRIF dojikom, w&9 o
Exo) wHste iR XNF At FHE
¢ 4 Qlch

Fig 9= & 24 779 2775g dehd
A}z o)t} SS417} STS304 57 20mm A]H 9|
Foll =F9 o)F &xvt wetAFE Jeto] H
o2 Q3te] EAFHY ZE7}
Rtk ole FA FheA ol
Aol BY FHE FHANE #

Aot

tlo ofr Sk

s JI-) _\*L
Ulo ]»ﬂ nz{
go mu g
N
-1>
frorr e o;',‘: ot

2w

e

4. 4 &

L
Iq]’ i
° 54
gt

| o2 AHE AW] A
9 ol% Hx9of AHY
< #dte g g

i -Ti
ft & ol
o 2 wo
e 8 o
o rfu 38

4r 2 o

—589 —



) Fztoz Rojx »
wel Fag gy

=7t wgss
1% eatE e B
et ok AuHE Waol
sutel W Jeo] ALY 3
at7) wgolth,

A $AE A dutBe or
H
[e]

23 270
“EEELES
2

I
e
fufx
L rir
o

e

4

e9)
4z
X
R

24 oy
N
e

-

£,

fu

ol

> B g ok op
i

o)
Lo

@

WM. o=z

N o =
o lo ob £ .
o2 »
4
l'>i;ogg
beﬁ%
}g 0N
2 4o
EHE%
e 2
ot o
TLa
o
oo

€)

i
a4}

o,

o [ of o 1%
_|_>'i
2oy o

B

1'0' .
FIF
fr
¥
o
o>
I
H
2
=
M
_?L
2

H\I
o

G

% g
2hd
'3
iy
fo
_>|'I_';
fr

o

ol

g = ol

Y
S

T
2
¥

N 8 -
gﬁﬁ
2 ofy
4o K
=

mr.&’i. i
o

L
]
it

frt
i
B o
e e

SRR | N
B2 H

a
K
He
rl

1. Hashish, M., "Prediction of Depth of Cut with
Abrasive Water-Jet," Journal of Engineering
Materials and Technology, 1988.

2. Geskin, A., "Jet Cutting Technology," Kluwer
Academic Publishers, pp. 525-541, 1992.

3. Hashish, M., "A Model for Abrasive Water-Jet
Machining," Journal of Engineering Materials
and Technology, Vol. 111, pp. 154-162, 1989.

—590



