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MUHAMMATSOIFU SATO : A STUDY OF PARAMETERS THAT
EFFECT TO WEAR OF PLASMA NOZZLE MADE FROM CUTTING
LOW CARBON STEEL IRSM-41. THESIS ADVISOR :

ASST. PROF. PAPHAKORN PITAYACHAVAL, Ph.D. 93 PP.
PLASMA CUTTING/WEAR OF NOZZLE

In the present a plasma cutting machine is normally applied to cut metal in
electrical conductivity industrial according to an accuracy dimension and a reduction
time consuming. A quality of this machine is depend upon a cutting surface and a kerf
by controlling diameter of nozzle and size of electrode. Since kerf shape is crated base
on nozzle diameter, while electrode is served plasma arc.

This thesis presents a study of parameters that effect to wear of plasma nozzle
made from cutting low carbon steel, and predict the wear of plasma nozzle investigating
three parameters: cutting speed, pressure gas, and current ampere. The diameters of
nozzle was measured before and after cutting with a ‘digital microscope. The
experiments conducted based on ANOVA to establish the relationship of those
parameters. The results ware show that the nozzle wear depended upon the current
Ampere. Therefore wear of plasma nozzle depended up on the amount of power current
ampere that was used to cut the work piece in the range 40-45 ampere. This result will

be able to apply the design of the cutting process.
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EXP Current amp Gas pressure Cutting speed Experiment
1 40 6 200 Yi111
2 40 7 200 Yi211
3 40 8 200 Yi311
4 42 6 200 Y2111
5 42 7 200 Y2211
6 42 8 200 Y2311
7 45 6 200 Y3111
8 45 7 200 Y3211
9 45 8 200 Y3311
10 40 6 300 Y1121
11 40 7 300 Y1201
12 40 8 300 Yi321
13 42 6 300 Y2121
14 42 7 300 Y2221
15 42 8 300 Y2321
16 45 6 300 Y3121
17 45 7 300 Y3221
18 45 8 300 Y3321
19 40 6 400 Yi131
20 40 7 400 Yi231
21 40 8 400 Y1331
22 42 6 400 Y2131
23 42 7 400 Y2231
24 42 8 400 Y2331
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EXP Az bl ANUAUUA ORHIED Experiment
25 45 6 400 Y3131
26 45 7 400 Y3231
27 45 8 400 Y3331
28 40 6 200 Yi112
29 40 7 200 Yi212
30 40 8 200 Y1312
31 42 6 200 Y2112
32 42 7 200 Y2212
33 42 8 200 Y2312
34 45 6 200 Y3112
35 45 7 200 Y3212
36 45 8 200 Y3312
37 40 6 300 Y1122
38 40 7 300 Y1222
39 40 8 300 Y1322
40 42 6 300 Y2122
41 42 7 300 Y2222
42 42 8 300 Y2322
43 45 6 300 Y3122
44 45 7 300 Y3222
45 45 8 300 Y3322
46 40 6 400 Y1132
47 40 7 400 Yi232
48 40 8 400 Yi332
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EXP aszuelyl ANUAUUA ORHIED Experiment
49 42 6 400 Y2132
50 42 7 400 Y2232
51 42 8 400 Y2332
52 45 6 400 Y3132
53 45 7 400 Y3232
54 45 8 400 Y3332
55 40 6 200 Yi113
56 40 7 200 Yi213
57 40 8 200 Y1313
58 42 6 200 Y2113
59 42 7 200 Y2213
60 42 8 200 Y2313
61 45 6 200 Y3113
62 45 7 200 Y3213
63 45 8 200 Y3313
64 40 6 300 Yi123
65 40 7 300 Y1223
66 40 8 300 Y1323
67 42 6 300 Y2123
68 42 7 300 Y2223
69 42 8 300 Y2323
70 45 6 300 Y3123
71 45 7 300 Y3223
72 45 8 300 Y3323
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MINN 3.6 MINUHUNMTNAAD (ﬂl@)

EXP aszuelyl ANUAUUA ORHIED Experiment
73 40 6 400 Y1133
74 40 7 400 Yi233
75 40 8 400 Y1333
76 42 6 400 Y2133
77 42 7 400 Y2233
78 42 8 400 Y2333
79 45 6 400 Y3133
80 45 7 400 Y3233
81 45 8 400 Y3333
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Y1938 A nszua Wl (Ampere) 40
flade B anusuuie (Bar) 6 7 8
PUIUATINITNABD nl n2 n3 D nl n2 n3 D nl n2 n3 D

200 1.292 | 1.270 1.280 1.281 1.307 1.273 1.270 1.272 1.296 1.276 1.262 1.278
{lave C

AU lumsea 300 | 1.300 | 1.267 | 1.267 | 1.278 | 1.295 | 1.259 | 1.276 | 1.277 1.305 1.277 1.265 1.271

(mm/min) 400 | 1294 | 1259 | 1293 | 1282 | 1294 | 1271 | 1267 | 1277 | 1292 1265 | 1272 | 1.276
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flave C
audalunisaa | 300 | 1298 | 1.295 | 1267 | 1287 | 1291 | 1267 | 1263 | 1274 | 1304 | 1263 | 1264 | 1277
(mm/min) 400 | 1.287 | 1251 | 1.285 | 1.286 | 1.296 | 1.265 | 1262 | 1274 | 1298 | 1252 | 1268 | 1.283
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(mm/min) 400 | 1290 | 1264 | 1267 | 1274 | 1302 | 1276 | 1264 | 1281 | 1301 | 1262 | 1262 | 1275
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Factor Information

Factor Levels Values
Current amp 3 40 42 45
Gas pressure 3 678
Cutting speed 3 200 300 400

Analysis of Variance

Source DF AdjSS  AdjMS F-Value P-Value
Model 26 0.007750  0.000298 1.27 0.226
Linear 6 0.003100  0.000517 2.20 0.057
Current amp 2 0.001670  0.000835 3.56 0.035
Gas pressure 2 0.000499  0.000250 1.06 0.352
Cutting speed 2 0.000931  0.000465 1.98 0.148
2-Way Interactions 12 0.003455 0.000288 1.23 0.289
Current amp*Gas pressure 4 0.000967  0.000242 1.03 0.400
Current amp*Cutting speed 4 0.002061  0.000515 2.20 0.082
Gas pressure*Cutting speed 4 0.000427 0.000107 0.46 0.768
3-Way Interactions 8 0.001195 0.000149 0.64 0.743
Current amp*Gas pressure*Cutting speed 8 0.001195 0.000149 0.64 0.743
Error 54 0.012669  0.000235
Total 80 0.020419
Model Summary
S R-sq R-sq(adj)  R-sq (pred)
0.0153168 37.96% 8.08% 0.00%

50

AN Y a J Y . .
4.1 a8 ANOVA Vl]lﬂinﬂﬂ"liﬂllﬂi"lgﬁ@l')EJI‘IJ?LLﬂﬁiJ Minitab



MINN 43 S?”I"Ii']ﬂﬂﬁa!.ﬂﬁ%ﬁ' ANOVA

Sum of squares Degree Mean square
Source of variation Fy Foviv2 P-value
(SS) of freedom (MS)
Current amp (A) 0.00167 2 0.000835 3.56 3.15 0.035
Gas pressure (B) 0.000499 2 0.00025 1.06 3.15 0.352
Cutting speed (C) 0.000931 2 0.000465 1.98 3.15 0.148
Current amp*Gas pressure (AB) 0.000967 4 0.000242 1.03 2.53 0.4
Current amp*Cutting speed (AC) 0.002061 4 0.000515 2.20 2.53 0.082
Gas pressure*Cutting speed (BC) 0.000427 4 0.000107 0.46 2.53 0.768
Current amp*Gas pressure*Cutting speed (ABC) 0.001195 8 0.000149 0.64 2.10 0.743
Error 0.012669 54 0.000235
Total 0.020419 80

[4S
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Nozzle
Current Gas Cutting | Nozzle
EXP diameter siUamilszneou
amp pressure | speed | Diameter
(mm)
1 40 6 200 Yi111 1.292
2 40 7 200 Y1211 1.307
3 40 8 200 Yi311 1.296
4 42 6 200 Y111 1.314
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<} U v W 4 ! @ [ 1
M3 N.1 ﬂ"lﬁlﬂ‘]J‘lallﬂiJ“aﬂWﬂJuWﬂgﬂlﬂﬂWﬂﬂﬂlﬂ?@QWﬁ'lﬁiﬂﬁﬁ%ﬂﬂﬂ‘ﬂﬂﬂﬁN 5 (919)

Nozzle
Current Gas Cutting | Nozzle
EXP diameter sinmmilszney
amp pressure | speed | Diameter

(mm)
5 42 7 200 Y011 1.299
6 42 8 200 Y311 1.307
7 45 6 200 Y3111 1.304
8 45 7 200 Y3211 1.314
9 45 8 200 Y3311 1.303
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<} J v W g ! @ v 0 1
M3 N.1 ﬂ"l3!.ﬂ‘]J‘lBll'ﬂiJ“aﬂ']‘Uu']ﬂzﬂlﬂﬂﬂﬂﬁﬂlﬂ%{ﬂﬂwa"lﬁiﬂ Nszavilavenis 5 (919)

Nozzle
Current Gas Cutting | Nozzle
EXP diameter sinwilszneu
amp pressure | speed | Diameter
(mm)
10 40 6 300 Yi121 1.300
11 40 7 300 Y1221 1.295
12 40 8 300 Yi321 1.305
13 42 6 300 Y2121 1.298
14 42 7 300 Yo221 1.291
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M3 N.1 ﬂ"l5Lﬂ‘]J‘lBllﬂiJ“aﬂ']‘Uu']ﬂzﬂlﬂﬂﬂﬁﬁﬂlﬂ%{'ﬂﬂwa"lﬁiﬂ Nszavilavenis 5 (919)

Nozzle
Current Gas Cutting | Nozzle
EXP diameter sinmmilszney
amp pressure | speed | Diameter
(mm)
15 42 8 300 Y,321 1.304
16 45 6 300 Y3121 1.299
17 45 7 300 Y3221 1.285
18 45 8 300 Y3321 1.305
19 40 6 400 Yi131 1.294
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M3 N.1 ﬂ"lﬁlﬂ‘]J‘lallﬂiJ“aﬂWﬂJuWﬂgﬂlﬂﬂWﬂﬂﬂlﬂ?@QWﬁ'lﬁiﬂﬁﬁ%ﬂﬂﬂ‘ﬂﬂﬂﬁN 5 (919)

Nozzle
Current Gas Cutting | Nozzle
EXP diameter sinmmilszney
amp pressure | speed | Diameter
(mm)
20 40 7 400 Yi231 1.294
21 40 8 400 Yi331 1.292
22 42 6 400 Y;131 1.287
23 42 7 400 Y,231 1.296
24 42 8 400 Y,331 1.298
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M3 N.1 ﬂ"l'ilﬂ‘]J‘lall'E]iJ“aﬂTﬂJuTﬂzﬂl@Qﬂﬂﬂmﬂ?@Q‘Wﬁ'lﬁiﬂﬁi%ﬂ‘ﬂﬂ‘ﬂﬂﬂﬁN 5 (919)

Nozzle
Current Gas Cutting | Nozzle
EXP diameter sinmmilszney
amp pressure | speed | Diameter
(mm)
25 45 6 400 Y3131 1.290
26 45 7 400 Y3231 1.302
27 45 8 400 Y3331 1.301
28 40 6 200 Yi112 1.270
29 40 7 200 Yi212 1.273
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M3 N.1 ﬂ"l'ilﬂ‘]J“i,ll'E]iJ"aﬂTﬂJuTﬂgﬂlﬂﬂﬂﬂﬂmﬂ%@ﬂWﬁ'lﬁiJ']ﬁi%ﬂ‘Uﬂ%ﬂﬂ@lN 5 (919)

Nozzle
Current Gas Cutting | Nozzle
EXP diameter sinmmilszney
amp pressure | speed | Diameter
(mm)
30 40 8 200 Yi312 1.276
31 42 6 200 Y112 1.278
32 42 7 200 Y012 1.269
33 42 8 200 Y,312 1.273
34 45 6 200 Y3112 1.275
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M3 N.1 ﬂ"l'iLﬂ‘]J“i,ll'E]iJ"aﬂ']‘Uu'mzﬂlﬂﬂﬂ?ﬁﬂlﬂ%{ﬂﬂwa1ﬁu1ﬁ§$ﬂﬂﬂWUEIWN 5 (919)

Nozzle
Current Gas Cutting | Nozzle
EXP diameter sinmmilszney
amp pressure | speed | Diameter

(mm)
35 45 7 200 Y3212 1.266
36 45 8 200 Y3312 1.269
37 40 6 300 Yi122 1.267
38 40 7 300 Y1222 1.259
39 40 8 300 Yi322 1.277
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13719 N.1 ﬂ"liLﬂ‘]J“i,ll'E]iJ"aﬂ']‘Uu'lﬂz‘Uﬂ\‘]‘ﬁ')ﬂﬂLﬂ?'ﬁ]\?Wﬁ']ﬁiJ'lﬁi%ﬂU‘ﬂ%fﬂﬂﬁN 5 (919)

Nozzle
Current Gas Cutting | Nozzle
EXP diameter sinmmilszney
amp pressure | speed | Diameter

(mm)
40 42 6 300 Y122 1.295
41 42 7 300 Y;222 1.267
42 42 8 300 Y,322 1.263
43 45 6 300 Y3122 1.263
44 45 7 300 Y3222 1.270
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M3 N.1 ﬂ"liLﬂ‘]J“i,ll'E]iJ"aﬂ']‘Uu'lﬂz‘Uf)\‘]‘ﬁ?lﬂﬂLﬂ%’ﬁ]\?Wﬁ']ﬁiJ'lﬁi%ﬂ‘U‘ﬂ%%ﬂﬂN 5 (919)

Nozzle
Current Gas Cutting | Nozzle
EXP diameter sinmmilszney
amp pressure | speed | Diameter

(mm)
45 45 8 300 Y3322 1.273
46 40 6 400 Yi132 1.259
47 40 7 400 Yi232 1.271
48 40 8 400 Yi332 1.265
49 42 6 400 Y,132 1.251
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M3 N.1 ﬂ"l'iLﬂ‘]J“i,ll'E]iJ"aﬂ']‘Uu'mzﬂlﬂﬂﬂ?ﬁﬂlﬂ?ﬁ]\?WﬁTﬁiﬂﬁi%ﬂﬂ‘ﬂWUEIWN 5 (919)

Nozzle
Current Gas Cutting | Nozzle
EXP diameter sinmmilszney
amp pressure | speed | Diameter

(mm)
50 42 7 400 Y,232 1.265
51 42 8 400 Y,332 1.252
52 45 6 400 Y3132 1.264
53 45 7 400 Y3232 1.276
54 45 8 400 Y3332 1.262
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Nozzle
Current Gas Cutting | Nozzle
EXP diameter simwilszneu
amp pressure | speed | Diameter
(mm)
55 40 6 200 Yi113 1.280
56 40 7 200 Yi213 1.270
57 40 8 200 Yi313 1.262
58 42 6 200 Y113 1.276
59 42 7 200 Y,213 1.274




78

<} J v W g { [ [ 1
M3 N.1 ﬂ"l'iLﬂ‘]J“i,ll'E]iJ"aﬂ']‘Uu'mz‘Uf)\‘]‘ﬁ?lﬂﬂLﬂ%’ﬁ]\?Wﬁ']ﬁiJ'lﬁi%ﬂ‘U‘ﬂ%%ﬂﬂN 5 (919)

Nozzle
Current Gas Cutting | Nozzle
EXP diameter sinmmilszney
amp pressure | speed | Diameter
(mm)
60 42 8 200 Y,313 1.289
61 45 6 200 Y3113 1.281
62 45 7 200 Y3213 1.274
63 45 8 200 Y3313 1.284
64 40 6 300 Yi123 1.267
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13719 N.1 ﬂ"liLﬂ‘]J“i,ll'E]iJ"aﬂ']‘Uu'lﬂz‘Uﬂ\‘]‘ﬁ')ﬂﬂLﬂ?'ﬁ]\?Wﬁ']ﬁiJ'lﬁi%ﬂU‘ﬂ%fﬂﬂﬁN 5 (919)

Nozzle
Current Gas Cutting | Nozzle
EXP diameter sinmmilszney
amp pressure | speed | Diameter
(mm)
65 40 7 300 Yi223 1.276
X
A\
1
66 40 8 300 Yi323 1.265 1
/
67 42 6 300 Y,123 1.267
68 42 7 300 Y;223 1.263
69 42 8 300 Y,323 1.264
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M3 N.1 ﬂ"liLﬂ‘]J“i,ll'E]iJ"aﬂ']‘Uu'lﬂz‘Uf)\‘]‘ﬁ?lﬂﬂLﬂ%’ﬁ]\?Wﬁ']ﬁiJ'lﬁi%ﬂ‘U‘ﬂ%%ﬂﬂN 5 (919)

Nozzle
Current Gas Cutting | Nozzle
EXP diameter sinmmilszney
amp pressure | speed | Diameter

(mm)
70 45 6 300 Y3123 1.265
71 45 7 300 Y3223 1.271
72 45 8 300 Y3323 1.276
73 40 6 400 Yi133 1.293
74 40 7 400 Yi233 1.267
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M3 N.1 ﬂ"l'iLﬂ‘]J“i,ll'E]iJ"aﬂ']‘Uu'mz‘Uf)\‘]‘ﬁ?lﬂﬂLﬂ%’ﬁ]\?Wﬁ']ﬁiJ'lﬁi%ﬂ‘U‘ﬂ%%ﬂﬂN 5 (919)

Nozzle
Current Gas Cutting | Nozzle
EXP diameter sinmmilszney
amp pressure | speed | Diameter

(mm)
75 40 8 400 Yi333 1.272
76 42 6 400 Y,133 1.285
77 42 7 400 Y,033 1.262
78 42 8 400 Y,333 1.268
79 45 6 400 Y3133 1.267
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M3 N.1 ﬂ"liLﬂ‘]J“i,ll'E]iJ"aﬂ']‘Uu'lﬂz‘Uf)\‘]‘ﬁ?lﬂﬂLﬂ%’ﬁ]\?Wﬁ']ﬁiJ'lﬁi%ﬂ‘U‘ﬂ%%ﬂﬂN 5 (919)

Nozzle
Current Gas Cutting | Nozzle
EXP diameter sinmmilszney
amp pressure | speed | Diameter
(mm)
80 45 7 400 Y3233 1.264
81 45 8 400 Y3333 1.262
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Investigating Parameters That Effect to Wear of Plasma Nozzle

Paphakorn Pitayachaval'® and Muhammatsoifu Sato?

Schoo! of

School of Industrial

ial Engij ing. Institute of Er

Institute of E

Abstract. Plasma cutting machine normally applies to cut metal in ivity industrial ding to an
accuracy dimension and rapidly time consuming. A quality of this process is depend upon a cutting surface and kerf by
controlling diameter of nozzle and size of electrode, Since kerf shape is crated base on nozzle diameter, while electrode
is served plasma arc. This paper presents an investigating three cutting parameters: cutting speed, pressure gas, current
ampere that affect to wear of plasma nozzle. The fixed variables are a plasma-cutting machine, Hypertherm powermax
45 xp, Bindee control CNC machine and specimens (100x100 mm.). The cutting speed was holed at 200, 300, 400
mm/min. The gas pressure was controlled at 6, 7, 8 bar. The current Ampere was handled at 40,42, 45 A. The diameters
of nozzle was using digital pe. The experiments conducted based on ANOVA to establish the
relationship of those parameters. The nozzle wear depended upon the current Ampere, the high gas pressure while the

Suranaree University of Technology, Nakhon Ratchasima 30000, Thailand
. Suranaree University of Technology, Nakhon Ratchasima 30000, Thailand

cutting speed was not effect to nozzle wear.

1 Introduction

A metal cutting process is wildly used in general industry
to cut several metal spare parts and framework such as
railway, aircraft, automobile, etc. Even through there are a
variety of metal cutting machines such as laser cutting,
oxy-fuel gas cutting, water-jet cutting, these machine
provide a cutting edge quality that contradicts with produet
cost. The laser cutting gives a high quality while demand
more expend. However, a plasma-cutting machine gives
acceptable cutting quality and production time while the
product cost is admitted [1].

The plasma cutting machine is a machine to cut metal
with high temperature [3]. This machine contains DC
power source, pressure plume and cutting head, which
composes of torch (cathode), electrode and nozzle, as
shown in figure 1. The plasma art is conducted by heated
gas based on extremely high temperature [4], then it
transfer via nozzle to work pieces that becomes electrically
conductive. After that, the metal is to be melted and
removed along cutting pattern. An advantage of plasma
cutting is a clean process [5] that produces dross free with
minimal heat input. Plasma arc frame is conducted by
nitrogen gas and oxygen gas. This frame can be used to cut
a conductive material including ferrous and nonferrous
metal. Since there are several parameters of acceptable
quality for plasma cutting such as cutting speed, current
ampere, height of cutting head and gas pressure [6]. To
control process parameters that are affects quality of
cutting; there are only three key parameters; cutting speed,
current ampere and gas pressure, respective [7].

Beside those parameters, heat of plasma gas,

? Corresponding author: author@e-mail.org

Generated by the plasma beam during the cutting
operation, also conducts wear of plasma device
components, especially nozzle wear for the consumable
part [8]. This wear intreduces inconstancy frame diameter.
In order to obtain the acceptable cutting quality, larger
orifice nozzle and electrode were applied [9]. Moreover,
variable factors that affect tool life of nozzle and electrode
depended upon many factors that are a number of cutting
pierces, cutting duration, material thickness [10],
including degree of erosion of the nozzle around the orifice
nozzle [11]. To investigate those parameters, this paper
attempts to conduct experiments for cutting speed,
pressure gas, current ampere in order to identify state of
parameters that affect to wear of plasma nozzle.

Gas flow —
(
=l Electrode

Higher
frequency

Cutting Gas

Plasma arc

Work piece

Figure 1. Schematic diagram of plasma arc cutting.
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Table 1. The factors comparison of fuel-gas cut, laser cut and plasma cut From (Publication Section 5: Electromagnetic Heating

Department of Alternative Energy Department and Efficiency http://www.dede.go.th)

cut metal diameter

Machine price 20%6.5 f£.0.4 in

Machine Fuel-gas cut Laser cut Plasma cut
X best cut quality get minas | Good cut quality get
Pool cut quality get burns burns
Quality cut most burns and
ty Finishing work piece
F . Fast
Cut speed Quite slowly Fast (cut<0.25in)
Around 200,000-
500,000 for machine Around 300,000 for Around 120,000 for

machine cut metal

aachingcutifieal diameter 20x6.5 ft .0.4

diameter 20x6.5 ft .0.4 in

thickness thickness in thickness
Protective glass, gas 3
Consultable Tip cutter nozzle Cugllgft 12(:12:16’
Dust filter

2 Experimental

There are three factors that were investigated on this
experimental: current ampere, cutting speed, gas pressure.
The current ampere (40, 42, 45A), cutting speed (200, 300,
400mm/min) and gas pressure (6, 7, 8 bar) ware applied to
cut metal (588GrA, 242 Type I) 10 mm. thickness, The
cutting parameters were established as presented in Table
2.

Table 2. The cutting parameters for experimental

Level
Factor Syl;1bo Unit
1 2 2

Current A |40 | a2 || a

Ampere
Gas B 6| 7|8 bar

Pressure

cutting 40 2
Speed (C 200 | 300 0 mm/min

The experimental machine was the Hypertherm powermax
45 xp and the head moving control unit was applied Bindee
control, as show in Fig 2. The size of specimens were 100
mm x 100 mm, as show in Fig 3. A digital microscope
model Keyence VHX 700F was applied to measure
diameter of nozzles after cutting, as show Fig 4.

# Corresponding author: author@e-mail.org

Figure 2. Plasma cutting machine , bindee control,

Figure 3. The size of specimen
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Gas pressure 7

Current ampere
40A

Gas pressure 7

Figure 5. The variation of orifice nozzle.

4 Result

Based on single parameter plasma cutting, the wear of
orifice nozzle depended on current ampere and gas
pressure, respectively. Beside, two factors analysis
founded the interaction between current ampere and gas
pressure that effect to wear orifice nozzle, as shown in
Table 1. The results of the experiment was obtained from
twenty-seven examples, which measure the orifice
diameter to check the wear by a digital microscope, as
shown in figure 5. Minitab statistic software was applied
to analyze interaction effects of those parameters, as
shown in table 3.

# Corresponding author: author@e-mail.org

Table 3. ANOVA analysis by minitab software

Source DF| AdjSS| AdjMS|F-Value| P-Vaiue
Cusveqt ampere 21 00000s5| o0 062 0562
Gas pressure 2| 0.000070| 0000035 096 0423
|_Cuting speed 2| 0000386| o0o00193| 527 0035
Current ampere*Gas 4| 0000079 | 0000020| o034 0714
Current 4| 0000155 0000039 106 0437
npuv‘Cmg
|peed
Gas 4| 0000371| 0000083 253 0123
pressure*Cutting
5
Enror 8| 0000203 | 0.000037
Total 26 | 0.001399
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91

MATEC Web of Conferences

M;m Effect Plot for Orifice diameter nozzle
[ Curment Awpere | Pressure Gas | Cutting Speed |

s

« & 4 7 T e e e
B a—

Mean of diameter nozzle (mm)
BENFEREaEEE

Figure 8. Main effect plots for orifice nozzle diameter.

The normal probability graphs obtained from the
experiment presents the normal probability of variable, as
shown in figure 6, in which the variable values are near the
ideal normal line, the data from the experiments was
distributed under the variation of natural causes. However,
the current ampere, gas pressure and cutting speed was
interaction, as shown in fig 7.

From Fig 8 The results shown that cutting speed were
increased from 200 to 300 mm/min and from 300 to 400
mm/min the orifice nozzle damaged diameters were
decreased rapidly. Moreover, plasma gas pressure were
controlled to increase from 6 to 7 bar and from 7 to 8 bar,
the orifice nozzle damaged diameter were also expanded.
When current amperes were increased from 40 to 42 A and
from 42 to 45 A, the orifice nozzle damaged diameter were
also increased, as shown in figure 8. Therefore, the
increasing of controlled parameters effect to the orifice
nozzle damaged diameter.

5 Conclusions

For plasma cutting, the parameters that affects to nozzle
wear were cutting speed, plasma gas pressure and current
ampere. These parameters were also presented their
interactions for increasing the orifice nozzle damaged
diameter. However, the relationship of those parameters
will be mathematical defined as the future work.
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