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Aluminum alloys are widely used in various industries due to their high variety and desirable mechanical
properties. In the meantime, Al 2024-T351 aluminum alloy, due to its features such as high strength-to-weight
ratio, ductility, toughness and fatigue resistance, has a special use in the manufacture of components such as
wings and fuselage. The presence of 1.4% magnesium in the chemical structure of this alloy has made it
sensitive to heat generated during conventional machining operations. For this reason, the use of abrasive
water jet machining (AWJM) has been introduced as a suitable method for machining these materials. In this
study, the effect of selected parameters of abrasive water jet machining, such as jet pressure, traverse speed
and loading factor on surface roughness angle of striation and the burr formation in 2024-T351 aluminum
samples were investigated. The results showed that after the traverse speed, the jet pressure and loading factor
had the greatest effect on the qualitative characteristics of the surface of the samples, respectively. Also,
during the optimization of the response surface methodology, the value optimized by the model was 2.53 and
3.17 micrometer for smooth and rough regions respectively, and 3.48° for the angle of striation. the error
model was calculated to be, -2.79%, -5.98% and 16.23% respectively, compared to the experimental value
obtained for the mentioned quantities.
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Fig. 3 Smooth and rough regions on cutting surface. (a) smooth zone,

(b) rough zone

Fig. 4 Surface roughness tester
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Table 1 Chemical elements Al 2024-T351alloy (wt %)[17]
Al Cu Mg Fe Mn Si Zn Ti

9303 42 14 012 049 006 018 002

[17] 2024-T351 pgicagll 5LIT (SlSe (olgs 2 Jgu>
Table 2 Mechanical Properties of the Al 2024-T351 alloy[17]
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Table 3 Technical specifications of the Radox water jet
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Fig. 2 Cutting sample using abrasive water jet machining. (a) SOD
setting; (b) Operation of material cutting
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Table 4 Selected process parameters and their levels

o ol b
240 280 320 (MPa) cojLsd X1
100 200 300 (mm/min) 38 ce p Xz
35 45 55 (%) G 05 ,L cu o X3

ool (b S5z 5 Jgu
Table 5 Design of Experiment table

NO X, X X SR-Fummc;Oth SRlejfnL;gh Strigt)ion
1 280 200 45 3/55 4/18 9
2 280 200 45 3/55 4/18 9
3 320 100 55 3/07 374 3
4 280 100 45 2/96 3/51 5
5 320 200 45 3/10 3/83 8
6 280 200 55 4/31 4169 10
7 280 200 35 3/81 4167 9
8 240 100 55 417 5/33
9 240 100 35 3/80 5/12
10 280 200 45 3/70 4/18
11 320 300 35 5/08 5/25 11
12 240 300 55 6/07 7197 22
13 240 200 45 3197 5/12 12
14 320 300 55 3/70 591 11
15 280 300 45 5/02 6/33 14
16 280 200 45 3/70 4/18 9
17 240 300 35 574 7170 21
18 280 200 45 3/55 4/18
19 280 200 45 3/55 4/18
20 320 100 35 2/60 3137 4

2 Central Composite Design (CCD)
% Box-Behnken
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Fig. 5 View from the angle of striation of the cut lines
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Table 7 Analysis of variance for surface roughness of rough region

Degrees  Adjusted  Adjusted
Source of sum of mean of  F-value  P-value

freedom  squares squares
model 9 3034 337 95/87  0/000
Linear 3 23120 7/73  219/93  0/000
e 1 8/35 8/35  237/53  0/000
Xz 1 14/61 14/61  415/06  0/000
Xa 1 023 023 6/66 0/027
Square 3 6/91 2130 65/56  0/000
Xq? 1 015 0/15 4/30 0/065
Xo? 1 1/26 1/26 36/11  0/000
Xq? 1 0/53 0/53 15111  0/003
Interaction 3 0122 0/07 213 0/161
X1* X, 1 07 07 4187 0/052
X1* Xg 1 0/03 0/03 1/08 0/324
Xo* Xa 1 0/015 0/015 0/44 0/524

5 ot oo RZ L R? g e )55k b 3Ll o po
Sl cewas %97/82 ) %97/98 i i p g Blo axl gl
oad odld idigy Jow lawsi ool a5 cewl Lo ol 4y a5
B dadiges mhaw 625 Sl GgemsS ) (sogee Wolas
ol oais asly) (1) aloles
Y= PPy Xothy XotPy Xatbyy X240y X Py Xi? +Py Xo
Xo#Par Xow Xa#Pos Xom X3 (1)
b alyom gm gn el ol ny dolee ol o
931 9023 921 § g2y e ol 133 9022 9011 g & psie
2 baiged mha 655 Sl O S, Wles i cnl &
oo 1)1 (3 9 2) loaloles b iy a4 pj g Slo Sy

SR-Smooth (um) = 17.09 - 0.0438 X;- 0.01632 X,
- 0.2448 X5+ 0.000049 X;%+ 0.000053 X,2+ 0.002986 X2
+0.000026 X;+X»-0.000013 Xy»X3- 0.000040 X,» X3

(2)
SR-Rough (um) = 31.12 - 0.1054 X; - 0.00682 X,
- 0.437 X3 +0.000147 X;*+ 0.000068 X,*+ 0.00440 X2
- 0.000037 Xy» X+ 0.000172 Xy« Xg+ 0.000044 Xpx X3

(3)
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Table 6 Analysis of variance for surface roughness of smooth region

Degrees  Adjusted  Adjusted
Source of sum of mean of  F-value  P-value

freedom  squares squares
model 9 16/84 1/871  98/40  0/000
Linear 3 13/49 4]497  236/48  0/000
e 1 2114 2114 112/70  0/000
Xa 1 11/19 11/19  588/51  0/000
Xs 1 015 015 821 0/017
Square 3 3124 1/08 56/95  0/000
Xq? 1 0/017 0/01 0/89 0/367
Xo? 1 078 078 41/17  0/000
Xq? 1 0124 0124 12/89  0/005
Interaction 3 0/10 0/03 177 0216
X1* X, 1 0/08 0/088 6/46 0/057
X1* Xg 1 0/002  0/0002  0/01 0/920
Xo* Xg 1 0/012 0/012 0/67 0/431
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Fig. 9 Comparison of the effect of process parameters on surface
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Table 8 Comparison error percentage for surface roughness of samples
by response surface methodology and experimental method
NO X1 X, _ X3  SR-Smooth RSM Error
(MPA)  (mm/min) (%) (Hm) (rm) (%)

10 280 200 45  3/70 391 567

X1 X X3 SR-Rough RSM Error
(MPA) (mm/min) (%)  (um) (m) (%)

15 280 300 45  6/33 6/09  -3/79
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Table 9 Analysis of variance for angle of striation in rough region
Adjusted sum  Adjusted

Source thig;eosn?f of mean of  F-value P-value
squares squares

model 9 42017 46/68  82/96 0/000
Linear 3 383/40 127/80 227/11 0/000
e 1 102/40 102/04 181/97 0/000
Xa 1 280/90 280/90 499/18 0/000
Xa 1 0/100 0/100 0118 0/682
Square 3 11/27 3175 6/68 0/009
X4 1 2127 2127 4/04  0/072
Xo? 1 0/46 0/46 0/82 0/387
Xq? 1 0/46 0/46 0/82 0/387
Interaction 3 25/50 8/500 15/11 0/000
X1* X, 1 24/50 24/50  43/54 0/000
X1* Xg 1 0/500 0/500  0/89 0/368
Xo* Xa 1 0/500 0/500  0/89 0/368
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b &) (4) dolae b cboghas sl aygs

Striation(°)=44.7- 0.283 X;+0.1479 X,-
0.233 X+ 0.000568 X2+ 0.000041 X,2+ 0.00409 Xz*-
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Fig. 12 Contour plot of surface roughness versus jet pressure and
loading factor (traverse speed 200 mm/min)
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Fig. 13 Comparison angle of striation of samples in rough region by
response surface methodology and experimental method
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Table 10 Comparison error percentage for angle of striation of samples
by response surface methodology and experimental method

NO X1 Xz X3 Striation RSM Error
(MPA)  (mm/min) (%) ©) Mm) (%)
5 320 200 45 8 713 -8/7
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Fig. 14 Comparison of the effect of process parameters on angle of
striation
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