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Preliminary notes
Full factorial design of experiments was developed in order to investigate the effects of jet pressure, cutting feed, and circular arc radius upon the one
response variable surface roughness of circular arc cut by abrasive suspension jet (ASJ). And orthogonal design of experiments was used for analysing the
magnitude of effects of parameters on roughness of the cutting surface at different depths. Slowing down the traverse speed is the most effective method to
reduce the surface roughness. In addition, comparing the topography of the cutting surface with that by AWJ, it is found that the surface also consists of four
zones: initial zone, smooth zone, transition zone and rough zone. Finally, the multiple linear regression was employed to establish the model of cutting
surface roughness at different depths, which was proved to be reliable by experiments. The conclusions can provide theoretical guidance for improving the
cutting efficiency of ASJ.

Keywords: ASJ (abrasive suspension jet), circular arc cutting; roughness, surface topography

Istrazivanje povrsinske hrapavosti kruznog luka rezanog mlazom abrazivne otopine

Prethodno priopéenje
Izraden je potpuni faktorijalni plan eksperimenata za istrazivanje u¢inaka tlaka mlaza, reznog posmaka i polumjera kruznog luka na povrsinsku hrapavost
kruznog luka rezanog mlazom abrazivne otopine - abrasive suspension jet (ASJ). Ortogonalnim planom eksperimenata analizirala se veli¢ina djelovanja
parametara na hrapavost rezne povrsine na razli¢itim dubinama. Smanjivanje brzine prijelaza je najucinkovitija metoda za smanjenje povrsinske hrapavosti.
Uz to, usporedbom topografije rezne povrsine s onom pomoc¢u AWJ, ustanovilo se da je povrSina sastavljena od Cetiri zone: inicijalna zona, glatka zona,
prijelazna zona i gruba zona. Konac¢no, primijenjena je metoda multipne linearne regresije za postavljanje modela hrapavosti povrsine na razli¢itim
dubinama, $to se eksperimentima potvrdilo kao pouzdano. Zaklju¢ci mogu posluziti kao teorijski vodi¢ za poboljSanje uc¢inkovitosti rezanja pomocu ASJ.

Kljuéne rijeci: hrapavost; mlaz abrazivne otopine (ASJ); rezanje kruznog luka; topografija povrsine

1 Introduction

Since the 70s when the first water jet cutting machine
was invented [1], kinds of water jet machines have been
used widely in modern industries. In the early time, pure
water jet was just regarded as a flexible tool for cutting
soft materials like plastic, paper and wood [2, 3].
However, the jet consisting of water and abrasives
extends the range of cutting ability, and can be used for
cutting most kinds of materials including metal and even
diamond [4]. Due to the different ways of adding
abrasives into the pure water jet, the abrasive jet was
divided into abrasive water jet (AWJ) and abrasive
suspension jet (ASJ). In AWJ system, water jet passes
through a mixing chamber where low pressure was
generated used for the pneumatic transport of abrasives.
Then the jet re-enters the focusing tube where abrasives
are accelerated by the water jet. However in ASJ system,
high pressure water and abrasives are added into an
abrasive suspension storage vessel at the same time. And
then the abrasive suspension will be sprayed from the
nozzle [5].

The periodic array of striation at the lower area of the
AWJ cutting surface is closely related to the surface
roughness. Hashish [6] proposed a simple physical model
for describing the waviness phenomenon associated with
AW] cutting. And model predictions were consistent with
the experimental surface waviness data under certain
conditions. However, the model is not suitable for the
cutting where the thickness of the material is less than or
equal to the depth of the cutting wear zone /.. The basic
AW] waviness model is expressed as:
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Roughness of the cutting surface is obviously
associated with vibration of the AWJ system. Chao [7, 8]
used the Fourier transform and carried out experiments to
determine the characteristics of the cutting surface. And
he finally concluded that the distinction between the
various regions of the whole cutting surface is the uneven
amplitude and the nozzle vibration strongly influences the
waviness of the cutting surfaces. Moreover, he found that
forced vibration of the mechanical structure had a
significant impact on surface striations using the spectral
analysis. Using the LabView 8.5 software to monitor and
process the vibrations, Hreha [9] deals with the
determination of vibration frequency depending on the
impact of abrasive particles during cutting of materials.
And he finally obtained the result that the on-line process
control of the abrasive mass flow rate can optimize the
vibration frequency for improving the quality of surface
created by abrasive water jet. Moreover, cutting
heterogeneous material consisting of stainless steel and
alloy AICuMg, by abrasive water jet, Hreha [10]
confirmed the hypothetical assumption about direct
relation between surface quality and vibration emission.
Also he took advantage of the vibration on detecting the
malfunction of abrasive supplying and the focusing tube
wear [11]. With the scanned vibration signal of material
subjected to frequency analysis, the result was obtained
that the shift of the amplitudes will decrease with the
increase of the abrasive mass flow.

With many studies on surface topography of the
processed material done by scholars, a lot of achievements
have been scored. Chen [12] used a scanning electron
microscope to investigate the characteristic of cutting
surfaces and a non-invasive technique, Laser Doppler
Anemometry to analyse the abrasive particle distribution
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in the jet. According to a series of experiments, he
presented a conclusion that abrasive particle distribution
in the jet can affect the striation formation. Kroleczyk [13]
conducted experiments to identify surface roughness in
the dry machining of Duplex Stainless Steel coated with
sintered carbide. Comparing the load curves
and roughness profiles for various cutting wedges and
variable cutting parameters, he drew the conclusion that
dry cutting leads to a decreasein friction for
lubricated surfaces, providing a small initial contact area
where the surface is contacted. Wojciechowski [14]
established a surface roughness height model including
surface inclination angle, cutter’s run out and minimum
uncut chip thickness in the ball end milling of hardened
steel. The result of analysis, surface inclination has
significant influence on the generated surface texture,
suggests that the appropriate selection of the surface
inclination angle in the specified machining strategy can
improve the surface quality.

Most of the present research on roughness of abrasive
water jet cutting surface is aimed at the AWJ cutting and
linear cutting. In this paper, the effects of jet pressure,
traverse speed, and circular arc radius on surface
roughness were investigated in circular arc cutting with
ASJ. And orthogonal design of experiments was used for
analyzing the magnitude of effects of parameters on
roughness of the cutting surface at different depths.
Moreover, the paper compared the topography of the
cutting surface with that by AWJ. And one more
significant work is establishing the roughness model,
which can improve the material utilization and the cutting
efficiency.

2 Experimental setup

For the research on the roughness of circular arc
cutting surface, the JB-4C precision roughness step tester
was used for measuring the roughness of the arc surface.
The experimental material is 304 stainless steel, whose
thickness is § mm.

The paper aimed at the effects of processing
parameters on roughness of circular arc cutting surface in
ASJ cutting and three main processing parameters were
considered as the influence factors, which included the jet
pressure P, the traverse speed v and the circular arc radius
R. The other processing parameters were consistent. The
abrasive used was Garnet of grade 200 mesh, abrasive
mixing rate was 330 g/min, nozzle diameter was 0,25 mm
and stand-off distance was 5,38 mm.

Table 1 Arc roughness experimental parameters

Level Jet pressure | Traverse speed | Circular arc radius
P/ MPa v/ mm/s R/ mm
1 45 0,2 4
2 55 0.3 8
3 65 0,4 12
4 - - 16

The experiment was divided into two parts: The full
factorial design (3x3x4=36 tests) was used for
determining the effects of different processing parameters
on the surface roughness. And the detail of the levels for
parameters is shown in Tab. 1. The other part of

experiment adopted the orthogonal experimental method.
Tab. 2 is the orthogonal experiment table of L9 (3%).

Table 2 Orthogonal experiment table of L9 (3%)

Number Jet pressure | Traverse speed | Circular arc radius
P/ MPa v/ mm/s R/mm
1 45 0.2 8
2 45 0.4 12
3 45 0.6 16
4 55 0.2 12
5 55 0.4 16
6 55 0.6 8
7 65 0.2 16
8 65 0.4 8
9 65 0.6 12

3 Results and discussion
3.1 Effects of the parameters on roughness

In this section, the experiment data of the full
factorial designed part have been sorted out and drawn
into linear graphs by commercial statistical software
MATLAB. And the data of surface roughness were
measured from the convexity of circular arc cutting
surface. The effects of the different processing parameters
on surface roughness can be shown in the linear graph
clearly. Then the paper presented the reasons that the
different processing parameters can affect the surface
roughness combined with the theoretical knowledge.

It is well known that increasing jet pressure and
slowing down traverse speed can lead to a smoother
section in AWJ cutting. Although the experiment is ASJ
circular arc cutting, the same result was obtained. The
paper put emphasis on effect of the circular arc radius on
roughness of the cutting surface.

ter —#— P=45MPa V=0.2mm/s
- —&— P=45MPa V=0.3mm/s
—#— P=45MPa V=0.4mm/s
141 P=55MPa V=0.2mm/s
L —4&— P=55MPa V=0.3mm/s
,g 12l —®— P=55MPa V=0.4mm/s
ER —P— P=65MPa V=0.2mm/s
% L —%— P=65MPa V=0.3mm/s
gﬂ —%*— P=65MPa V=0.4mm/s
2T
=4
0.8}
06 1 1 1 1 1 1 1

circular arc radius (mm)
Figure 1 Effect of radius on roughness of cutting surface

As shown in Fig. 1, the surface roughness descends
sharply at first then increases gently with the circular
arc radius increasing. But a set of experiment data (P = 65
MPa, v = 0,2 mm) is not in conformity with the
conclusion, whose trend is that the surface roughness
always increases gently with the arc radius increasing.
This will be discussed in details below.

Fig. 2 describes the path of nozzle in circular arc
cutting. The velocity of the centre point of jet is vy, which
is equal to the traverse speed v. The angular velocity of
circular arc cutting is @. And the diameter of the jet
reaching the cutting surfaceis d. According to the
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geometric model the traverse speed of jet at the convexity
of circular arc cutting surface can be worked out.

_._toncave

T Treal
v

vczwxrz[l—zi)v. (D

Based on the formula (1), when larger radius circular
arc cutting is proceeded, the traverse speed of jet at the
convexity becomes faster, which can cause the increasing
of the surface roughness. In the experiment and even in
the practice the circular arc radius R is much larger than
the diameter of the jet reaching the cutting surface d.
Then with the circular arc radius increasing, the traverse
speed of jet at the convexity becomes a little faster, which
causes the surface roughness to increase gently.

The above theory can be used to explain the surface
roughness gently increases with R ranging from 8 mm to
16 mm. But the phenomenon that the surface roughness
sharply increases with R reducing to 4 mm does not
conform to the theory. The experimental result (P = 65
MPa, v = 0,2 mm) is an exception, which is consistent
with the theory when R ranges from 4 mm to 16 mm. In
view of the experiment (P = 65 MPa, v = 0,2 mm)
owning the most powerful cutting ability, the critical
cutting energy of jet E, corresponding to each
circular arc radius is presented. If the actual jet energy £
cannot reach E,, the roughness of the cutting surface will
increase sharply. The reason is that most of the jet energy
is used for longitudinal cutting and the left will not satisfy
the lateral polishing.

Figure 3 Trajectory of circular interpolation

The path of the machine tool can be used to analyse
what is the critical cutting energy E,. On account of the
circular interpolation, double-axis cooperation control
CNC machine tool for circular arc cutting runs in many
line segments of interpolation (Fig. 3). And the cycle of
interpolation is marked as /;s;1, Whose unit is millisecond.

The length of each line segment:

1
:v>< nsert _ AB=BC =---. 2)
1000

Due to the short cycle of interpolation, the sum of
length of the line segments is approximately equal to the
perimeter of circular.

nxAL ~2nR. (3)

The geometric figure composed of the line segments
can be regarded as inscribed polygon of circle, for which
the angle of two adjacent line segments 6 will be figured
out.

9:2n(n—2):27t - VXL ert . @)
n TR x1000

In fact a series of convex corners are formed on the
surface in circular arc cutting. And based on the formula
(4), minor radius circular arc cutting can lead to small
convex angle, which will result in the increase of the
surface roughness. So that E, corresponding to each
circular arc radius is the minimum jet energy to
eliminate the increase of roughness caused by the convex
angle.

In conclusion, there are two kinds of roughness trend
along with the decrease of the radius in circular arc
cutting. On one hand (E < E;), the convex corners of
interpolation is the determinant, for which the surface
roughness increases sharply with the circular arc radius
decreasing. On the other hand (E > E,), the velocity
distribution of the jet at cutting area determines that the
surface roughness decreases gently with the circular
arc radius decreasing. In the present experiments, when R
reduces to 4 mm, the actual jet energy £ will be less than
the critical cutting energy E, except the experiment (P =
65 MPa, v = 0,2 mm).

3.2 Analysis of variance

For studying the magnitude of effects of parameters
on roughness of the cutting surface at various depths, the
experimental data of the orthogonal designed part have
been sorted out and analysed using analysis of variance.
The data of surface roughness were measured on the three
lines of the cutting surface at various depths. And each
data is the average of multiple measurement results.

3.2.1 Roughness analysis of the upper cutting surface

Tab. 3 lists the roughness data of the upper cutting
surface in the orthogonal designed experiment, which
were sorted out by means of range analysis shown in Tab.
4. According to the result of range analysis, effects of
parameters on the surface roughness at the upper area are
ranked in the order of traverse speed, jet pressure,
systemic error and circular arc radius. Thus in the process
of practical production, slowing the traverse speed down
is the most effective way to reduce the surface roughness
at the upper area. And the effect of circular arc radius on
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surface roughness is lower than systemic error, which can
be ignored.

is consistent with the range analysis conclusion. However
none of parameters has a significant effect on the

Table 3 Roughness data of the upper cutting surface

roughness of the middle cutting surface.

Tab. 5 shows the result of variance analysis of the
experimental data on the significant level a adopting 0,05.
Effects of parameters on the surface roughness at the
upper area are ranked in the order of traverse speed, jet
pressure, systemic error and circular arc radius, which is
consistent with the conclusion range analysis. And only
the traverse speed has a significant effect on the
roughness of the upper cutting surface.

Table 5 Roughness variance analysis of the upper cutting surface

Parameters | DEVSQ |F-ratio| F threshold | Significance
P 0,155 | 4,189 19,000 -
Vv 0,956 |25,838 19,000 *
R 0,016 | 0,432 19,000 -
Error 0,04 — — —

3.2.2 Roughness analysis of the middle cutting surface

Tab.6 lists the roughness data of the middle cutting
surface in the orthogonal designed experiment, which
were sorted out by means of range analysis shown in Tab.
7. According to the result of range analysis, effects of
parameters on the surface roughness at the middle area
are ranked in the order of traverse speed, systemic error,
circular arc radius and jet pressure. Thus in the process of
practical production, slowing the traverse speed down is
also the most effective way to reduce the surface
roughness at the middle area. And the effects of circular
arc radius and jet pressure on surface roughness are lower
than systemic error, which can be ignored.

Table 6 Roughness data of the middle cutting surface

Number 1 2 3 4 5
Ra 0,682 0,797 1,483 0,817 0,833
Number 6 7 8 9 -
Ra 1,032 0,756 0,871 1,355 -
Table 7 Roughness range table of the middle cutting surface
Level P V R Error
K1 0,987 0,752 0,862 0,957
K2 0,894 0,834 0,990 0,862
K3 0,994 1,290 1,024 1,057
Range 0,100 0,538 0,162 0,195

Tab. 8 shows the result of variance analysis of the
experimental data on the significant level a adopting 0,05.
Effects of parameters on the surface roughness at the
middle area are ranked in the order of traverse speed,
systemic error, circular arc radius and jet pressure, which

Number 1 2 3 4 5 Table 8 Roughness variance analysis of the middle cutting surface
Ra 1,125 1,044 1,853 0,825 0,908 Parameters | DEVSQ | F-ratio | F threshold | Significance
Number 6 7 8 9 - P 0,019 0,333 19,000 -
Ra 1,347 0,851 0,846 1,674 - V 0,505 8,860 19,000 -
R 0,044 0,772 19,000 -
Table 4 Roughness range table of the upper cutting surface Error 0,060 - - -
Level P V R Error
K1 1,341 0,934 1,106 1,236 3.2.3 Roughness analysis of the lower cutting surface
K2 1,027 0,933 1,181 1,081
K3 1,124 1,625 1,204 L175 Tab. 9 lists the roughness data of the lower cutting
Range 0,314 0,692 0,098 0,155

surface in the orthogonal designed experiment, which
were sorted out by means of range analysis shown in Tab.
10. According to the result of range analysis, effects of
parameters on the surface roughness at the lower area are
ranked in the order of traverse speed, circular arc radius,
jet pressure and systemic error. Thus inthe process of
practical production, slowing the traverse speed down is
the most effective way to reduce the surface roughness at
the lower area.

Table 9 Roughness data of the lower cutting surface

Number 1 2 3 4 5
Ra 0,883 0,751 1,745 0,863 1,124
Number 6 7 8 9 -
Ra 1,466 0,808 0,657 1,482 -
Table 10 Roughness range table of the lower cutting surface
Level P V R Error
Kl 1,126 0,851 1,002 1,163
K2 1,151 0,844 1,032 1,008
K3 0,982 1,564 1,226 1,088
Range 0,169 0,720 0,224 0,155
Table 11 Roughness variance analysis of the lower cutting surface
Parameters | DEVSQ | F-ratio | F threshold | Significance
P 0,050 1,389 19,000 -
V 1,027 | 28,528 19,000 *
R 0,088 2,444 19,000 -
Error 0,04 - - -

Tab. 11 shows the result of variance analysis of the
experimental data on the significant level a adopting 0,05.
Effects of parameters on the surface roughness at the
lower area are ranked in the order of traverse speed,
circular arc radius, jet pressure and systemic error, which
is consistent with the conclusion range analysis. And only
the traverse speed has a significant effect on the
roughness of the lower cutting surface.

3.3 Comparison of surface topography with AWJ

As shown in Fig. 4, roughness data of the nine
orthogonal designed experiments were sorted out and
drawn into linear graph. Under the same experimental
conditions, the roughness descends at first then increases
with the depth of the cutting surface increasing except the
No. 2 experiment (P = 45 MPa, V' = 0,4 mm/s, R = 12
mm) and No. 8 experiment (P = 65 MPa, V= 0,4 mm/s, R
= 8 mm). But considering the systemic error and the
measuring error, they do not affect the validity of the
conclusion.
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Figure 4 Roughness of the cutting surface at different depths

In the study of AWJ cutting, Hloch [15] put forward
the initial zone at the upper area of the cutting surface,
where the roughness is larger than the Smooth zone. Fig.
5 is the roughness partition of abrasive water jet cutting
surface.

Figure 5 AWJ cutting surface [15]

Iriitisl zotie

Smooth zone

& LA
Al
F igilre 6 AS.f cutting surface

In the present experiments roughness of the upper
cutting surface is larger than the middle cutting surface,
which can prove that the ASJ cutting surface also has the
initial zone. Thus as shown in Fig. 6, the ASJ cutting
surface was divided into 4 areas: initial zone, smooth
zone, transition zone and rough zone. Because the upper
measurement point on the cutting surface is in the initial
zone certainly, the depth of initial zone ranges from 2 mm
to 4mm in the experiments.

3.4 Circular arc surface roughness model

In order to improve the material utilization and the
cutting efficiency, the paper quantified the influence of
various factors on the roughness and established the
roughness model of the cutting surface at different depths
based on multiple linear regression. Considering the effect

of the circular arc radius on roughness, the paper
presented the following model.

Ra=KPTH?v3d RS (5)

where: K - coefficient (related with abrasives and
material); / - thickness of material; d;- nozzle diameter;
¢y, €2, C3, Ca, Cs5 - Undetermined coefficient.

Due to the fixed value of the material thickness and
nozzle diameter, the above formula can be simplified.

Ra = KPV2R% (6)

Log algorithm can be used in the formula (6).
L,Ra=L,K+cL,P+c,L,v+c;L,R @)
Order:

y=L,Ra,x,=L,P,x,=Lv,x3=LR,cy=L,K.

Vi =€ 01X +CyXpn + 355 ®)
Order:
N €o L oxy xp x5
|2 la T x xyy xp
y= ,C= , X =
1
Y5 Jo.q € Jga I Xo Xy Xo3 g,

Linear regression model can be expressed as matrix
form.

Yox1 = C4x1X9x4 - ©

Considering the random error ¢ (E(¢)=0), least square
method is used to solve the undetermined coefficients, by
which the paper can obtain the final regression equation
and even the roughness model of the ASJ circular arc
cutting surface at different depths.

The final regression equation:

y=c'ytc'ix;tchx, +cixs e (10)
And the final roughness model:

Ra = KP1v2R3, (11)

3.4.1 Roughness models

According to the characteristic of the ASJ cutting
surface that the roughness changes obviously at different
depths, three roughness models were established for
corresponding to three zones (upper area, middle area and
lower area) of the cutting surface. The experimental data
was used for regression analysis by MATLAB. And Tab.
12 shows the result of multiple linear regression.
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Table 12 Regression analysis data
Coefficient Upper area Middle area Lower area
Value |  Confidence interval Value | Confidence interval Value | Confidence interval
g 2,668 [-3,23; 8,567] —0,458 [4.78; 3.86] 1.127 [-5.99; 8.24]
1 —-0,560 [-1,96; 0,84] 0,081 [-0,94; 1,11] -0,327 [-2,01; 1,36]
ch 0,452 [-0,01; 0,92] 0,448 [0,11;0,79] 0,487 [-0,07; 1,05]
c; 0,056 [-0,68; 0,80] 0,209 [-0,33; 0,75] 0,286 [-0,61; 1,18]
- 1 =0,60; F=2,46; P=0,18 ¥ =0,1; F=4,17, P=0,08 1 =0,54; F=1,98; P=0,24
Equation y=2,668 —0,56x; +0,452x, + 0,056x3 | y=-0,458 +0,081x; + 0,448x, + 0,209x3 | y =1,127 — 0,327x; + 0,487x; + 0,286x3
Residual Case Order Plot of Upper area Residual Case Order Plot of Middle Area Residual Case Order Plot of Lower Area
0.6
0.4
5 0.2 “ =
) & o
-0.4 -0.5
0.6

Case Number

5 6
Case Number
Figure 7 Residual case order plot

4 5 6
Case Number

As shown in residual case order plot (Fig. 7), zero is
included in all of the confidence intervals of the residuals,
which indicates that the above regress equations can
accord with the original date. Thus the paper deduced the
three roughness models.

The roughness model of upper area:

Ra =14,405p 06,0452 p0.036 (12)
The roughness model of middle area:

Ra = 0,632 P 081,048 g0209, (13)
The roughness model of lower area:

Ra = 3,087 P~0327,,0487 p0.286. (14)

3.4.2 Accuracy of roughness models

For verifying the accuracy of the three roughness
models, the paper carried out a serious of ASJ circular arc
cutting experiments under 9 groups of conditions. And
Tab. 13 shows the conditions of the experiment.

As shown in Tab. 14, the absolute error Ea is equal to
the absolute value of the difference between the
experimental measured value &’ and the predicted value &,
Contrasting with the American standard roughness form,
the measured roughness values are involved in the range
from 0,63 pm to 1,6 um. And the average value of
absolute error is 0,048 pm except 0,407 um (identified as
abnormal data) in the No. 9 experiment. Thus the error of
the roughness models almost does not affect the grading
of the cutting surface’s roughness, which can prove that
the roughness models are reliable in practice.

Table 13 Conditions of the verify experiment

Number 1 2 3 4 5 6 7 8 9
Jet pressure (MPa) 46 48 50 52 54 56 58 60 62
Traverse speed (mm/s) 021]103]061|041]051]021]051]04]03
Radius (mm) 8 9 10 11 9 14 15 13 12
Table 14 Absolute error of the roughness models
No The upper area The middle area The lower area
] ¢ ¢ Ea ¢ ¢ Ea ¢ ¢ Ea
1 0,843 | 0,916 | 0,073 | 0,651 | 0,648 | 0,003 | 0,700 | 0,732 | 0,032
2 1,032 1,081 | 0,049 | 0,743 | 0,800 | 0,057 | 0,990 | 0,900 | 0,090
3 | 1,501 | 1,453 | 0,048 | 1,124 | 1,119 | 0,005 | 1,369 | 1,296 | 0,073
4 | 1,162 | 1,190 | 0,028 | 0,912 | 0,955 | 0,043 | 1,010 | 1,079 | 0,069
5 | 1,173 | 1,274 | 0,101 | 0,952 | 1,015 | 0,063 | 1,173 | 1,122 | 0,051
6 0,812 | 0,846 | 0,034 | 0,801 | 0,740 | 0,061 | 0,764 | 0,806 | 0,042
7 1,252 1,260 | 0,008 1,095 1,136 | 0,041 1,354 | 1,269 | 0,085
8 | 1,182 | 1,109 | 0,073 | 1,056 | 1,003 | 0,053 | 1,050 | 1,080 | 0,030
9 | 0,966 | 0,952 | 0,014 | 0,460 | 0,867 | 0,407 | 0,884 | 0,908 | 0,024
4  Conclusion circular arc radius affecting roughness was analysed
emphatically. Then detailed conclusions were obtained.
The paper studied the effects of processing (1) Due to the influence of convex corners of

parameters on roughness of ASJ circular arc cutting
surface using the full factorial design, and the reasons of

interpolation and velocity distribution of the jet at
cutting area, the surface roughness descends sharply
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at first then increases gently with the circular
arc radius increasing.

(2) The traverse speed is the most significant parameter
on the surface roughness in ASJ circular arc cutting,
and the jet pressure and circular arc radius are
secondary factors.

(3) Similar with topography of the surface cut by AWJ,
the topography of the surface cut by ASJ also
involved four zones: initial zone, smooth zone,
transition zone and rough zone.

(4) Three roughness models, which can improve the
material utilization and the cutting efficiency, have
been established and proved to be correct. The basic
models of cutting surface roughness at different
depths are:

The upper area: Ra = 14,405 p0:36,,0:452 p0.056
The middle area: Ra = O,632P0‘081v0’448RO'209.

The lower area: Ra = 3,087P_0‘327v0‘487R0‘286.
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