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8). untitled* =17 =|
File Edit Wiew Text Debug Breakpoints ‘Web Window Help
DEE|ER = |g|as|a0 B0 BEE| s~ x|
1 clc: =
2 clear;
3 train speed S000 10000 LZ000 16000 18000 rpm & feed 1 2 3 6 8 12 15 n/min
4 p=[905.14 905.14 905.14 905.14 905.14 905.14 905.14
5 1131.43 1131.43 1131.43 1131.43 1131.43 1131.43 1131.43
B 1357.71 1357.71 1357.71 1357.71 1357.71 1357.71 1357.71
7 1584 1584 1564 1584 1584 1584 1584
8 1810.29 1810.29 1810.29 1810.29 1510.29 1810.2%9 1810.29
ol 2036.57 2036.57 2036.57 2036.57 2036.57 2036.57 2036.57
10
11 123691215
12 la3gsolzls
13 1236891215
14 lz3639 1215
15 1236891215
18 l23689121517];
17
18 % straight
13 =
20 [1.6116 1.8242 2.2105 2.4815 2.5713 2.6231 2.3305
21 1.4340 Z2.1376 1.8400 Z.Z237 Z.5704 Z.401z Z.3246
22 1.6421 1.7963 1.8324 1.9140 2.4308 3.4041 3.4663
23 1.5767 1.6414 1.54858 2.3864 3.1689 2.5485 2.5183
24 1.56141 1l.6468 1.5728 2.00&6 Z.2380 2.5622 &.2415
25 1.7217 1.7426 1.5995 1.5550 2.0237 2.4294 2.2635]
2B
27 net=newff([905.14 2036.57: 1 15],[10,10,1],{'tan=ig’', 'tan=ig', 'purelin'}, 'trainlm') »
23 net.trainParan. show=100;
29 net.trainParam. lr=0.6;
3o net.trainParam,me=0.8;
Xl net,trainParam, epocha=50000;
32 net.trainParam. goal=0.001;
33 net=traininet,p,t):
34
35 % weight of network
36 input_weight = net.iw{l, 1}
37 output_weight = net.lw{2,1}
38 bias_hidden = net.b{1,1}
39 bias_oputput = net.b{2,1} =
4 2
[seript [Cn1g colt

51 .1 wiheaTasunsy ufinudsl (Matlab) lumsidouTassielszamdion
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1. mavsulumsinruanugun

Ic;
clear;
% train speed 8000 10000 12000 16000 18000 rpm & feed 123 69 12 15 m/min
p=[905.14 905.14 905.14 905.14 905.14 905.14 905.14
113143 1131.43 1131.43 1131.43 1131.43 1131.43 1131.43
1357.71 1357.71 1357.71 1357.71 1357.71 1357.71 1357.71
1584 1584 1584 1584 1584 1584 1584
1810.29 1810.29 1810.29 1810.29 1810.29 1810.29 1810.29
2036.57 2036.57 2036.57 2036.57 2036.57 2036.57 2036.57 ;

123691215
123691215
123691215
123691215
123691215
1236912151];



Y = a d' o = 4 =~ a £
1.1 "lli’)?qllﬁﬂ’ﬂmiﬂ‘]JN’J‘V]HWJWJNJH“!’J‘VIﬂ’s’l’ﬂ‘ﬂﬂ’ﬂ%!iﬂ‘uw’ﬂﬂ

lusianunanss

t =

A < [l =}
AN2130157 8,000 59VADUIN

[1.6116 1.82422.2105 2.4815 2.5713 2.6231 2.3305
1.4340 2.1376 1.8409 2.2237 2.5704 2.4012 2.3246

1.6421 1.7963 1.8324 1.9140 2.4308 3.4041 3.4663
1.5767 1.6414 1.5488 2.3864 3.1689 2.5485 2.5183

1.6141 1.6468 1.5728 2.0026 2.2380 2.5622 2.2415

1.7217 1.7426 1.5995 1.5550 2.0237 2.4294 2.2635] ;

A ] ' ~
NAIULTI 10,000 TDUNADUIN

[1.7089 1.7945 2.0831 2.4067 2.6322 2.6099 2.8937
1.43742.2884 1.9712 2.1585 2.0123 2.6266 2.5218

1.6888 1.6162 1.8260 2.1733 2.5820 3.4496 2.9120

1.6097 1.5389 1.7282 2.4954 2.8154 2.5954 2.4229

1.5603 1.7007 1.9287 2.3037 2.4707 2.6099 2.4411

2.0381 1.5060 1.5034 1.8697 1.9967 2.1886 2.5793] ;

A < 1
NAINNLTI 14,000 i@‘Uﬁ@u’l‘ﬁ

[3.2002 4.4386 5.1664 6.3947 6.6820 6.5431 5.3501
3.7167 4.0492 4.1118 5.8458 6.6240 6.2256 6.5669
4.0331 4.0084 4.5283 6.0808 8.9468 8.5869 7.9189
4.1102 4.2092 3.9111 6.6190 7.5146 6.1833 4.9679
4.1266 3.1308 3.3770 4.7283 5.3222 5.3225 5.4074
3.6515 3.6960 4.4448 5.4763 5.4303 5.8293 5.6913] ;

~ < 1 ~
NAULTI 18,000 IDUNADUIN

[3.8237 4.2127 6.3445 6.5069 6.8185 6.8956 6.4586
3.3154 5.2225 5.0797 5.7886 6.4294 7.3188 6.9114

3.7963 4.5177 5.5219 6.2512 9.8254 9.0003 9.4389
3.8039 4.6875 4.5826 6.9697 9.8991 7.3569 6.2983

3.7121 3.7176 3.5448 5.0518 6.4755 5.4566 6.1709
3.2714 3.5925 4.2683 6.0140 6.3676 6.6065 7.0957] ;

lusiauuuandazlag

t:
P < 1 =
NAINLTI 8,000 5UADUIN

[1.7138 1.9588 1.7344 2.2343 2.3819 2.9065 3.0433
1.9030 1.7613 2.0999 2.3018 2.4311 3.0864 3.5729

1.7463 1.5947 1.9852 2.2769 2.0839 2.7010 2.6645

1.5800 1.7981 1.6957 1.7064 2.2906 2.4633 2.2065
2.3771 1.9106 2.3237 1.6282 2.6505 2.1922 2.5135

1.6270 1.4812 1.9354 2.3254 1.8713 2.0011 2.3767] ;

v-2



A157 10,000 TOUADU

[1.6562 1.8534 1.7592 2.6234 2.5705 3.4491 2.7360
1.9814 1.8023 2.3487 2.3941 2.5011 2.7843 3.4320

1.8028 1.6191 1.7398 2.3380 2.1100 2.7098 2.6015

1.8457 1.6310 1.5828 1.8555 2.2617 2.3547 2.8841

2.7401 1.8012 2.2950 1.6856 1.8361 2.5344 2.7401

1.8416 1.8485 1.8358 1.9713 2.0188 1.9890 1.9698] ;

A < 1 =
NAULTI 14,000 5D UADUIN

[4.2242 5.3923 5.3697 8.4241 7.6833 7.8385 9.9195
4.5634 3.9390 4.3480 6.6218 8.1469 8.9816 8.5417
4.1375 5.6969 3.9933 6.2042 7.7497 7.6397 8.0264
5.3048 3.6884 4.9017 6.1432 7.0546 6.9254 4.3997
2.23743.9293 4.4044 6.6166 7.1913 7.5403 8.1256
5.3790 3.5356 4.5415 4.1445 5.8787 6.7395 7.7421] ;

A ] ' ~
NAULTI 18,000 TDUNADUIN

[4.4484 5.3923 6.1762 6.4974 8.2994 8.6660 9.1775
4.9069 4.6507 5.8206 7.5488 9.4144 9.5569 8.8711

4.0693 5.4632 3.7215 7.4303 8.6809 8.1911 8.4307
4.4427 3.5721 4.8593 7.3811 7.5984 7.5487 8.9558
3.9564 4.1575 4.2755 6.5523 9.1924 9.5085 10.4184
4.2817 2.8012 4.5640 4.6459 8.9104 8.2028 7.8272] ;

net=newff([905.14 2036.57; 1 15],[10,10,1],{'tansig','tansig','purelin'} ,'trainlm");
net.trainParam.show=100;

net.trainParam.Ir=0.6;

net.trainParam.mc=0.8;

net.trainParam.epochs=50000;

net.trainParam.goal=0.001;

net=train(net,p,t);

% weight of network
input_ weight = net.iw{1,1}
output weight = net.lw{2,1}
bias_hidden = net.b{1,1}
bias_output =net.b{2,1}

1.2 dayannuisavdninindul Inaaeuyelsi
clc;

clear;
% train speed 8000 10000 12000 16000 18000 rpm & feed 123 69 12 15 m/min

v-3



p=[905.14 905.14 905.14 905.14 905.14 905.14 905.14
1131.43 1131.43 1131.43 1131.43 1131.43 1131.43 1131.43
1357.71 1357.71 1357.71 1357.71 1357.71 1357.71 1357.71
1584 1584 1584 1584 1584 1584 1584
1810.29 1810.29 1810.29 1810.29 1810.29 1810.29 1810.29

2036.57 2036.57 2036.57 2036.57 2036.57 2036.57 2036.57

123691215
123691215
123691215
123691215
123691215
1236912151];

lusianuaansa
t =

a % dy 9 = a
‘Vlﬂ‘VlNﬂﬁ@'lﬂ@]"lll!,ﬁ'f]u]lllﬂimﬁ’JHVIﬁVINﬂﬁ‘ﬂ’ﬂu

(1 1 1 1 0 0 0
0 0 1 0 0 0 0
0 0 0 0 0 0 0
1 0 0 0 0 0 0
1 0 0 0 0 0 0
0 1 1 0 1 1 1;

[2 2 2 1 2 0 0
1 1 1 1 1 1 1
1 1 1 2 1 1 1
1 1 2 2 2 1 1
1 1 2 1 1 1 2
1 1 0 2 0 0 0];

2



a o dy 9/ ~ a
‘Vlﬁ‘VleﬂiG]ﬂ"llf]'l\‘llf’fflu]lﬂﬂﬁm’ﬁ’)u‘ﬂﬁVINﬂ1ﬁ‘ﬂ’0u

[0 1 0 0 0 0 0

0 0 0 0

0 0 0 0 0 0 0

0 0 0 0 0 0 0

0 0 0 0 0 0 0

0 0 0 0 0 0 0];

o 10 0 0 0

o 0o 0o 0 0 0 0

o o 0 0o 0 0 0

o o 0 0o 0 0 0

o 0o 0 0o 0 0 0

o o 0 0o 0 0 o
lusianudazilag

t:

Y
Aemamsdamudeu ldnsdlarunaniamsilou

[1 0 0 1 1 0 1
0 0 0 0 0 0 0
0 0 0 1 0 1 1
0 0 0 1 0 1 1
0 0 0 1 0 1 1
0 1 0 0 1 1 11;

a o dy 9/ ~ a
ﬂﬁﬂW\?ﬂ'ﬁﬁﬂﬁ'ml,’ffﬂuvlllﬂimGl'lll‘ﬂ?ﬁ/]'lﬁﬂ'liﬂﬂu

[0 0 0 1 0 0 1
0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 1 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0];



Y
AANNMIAAUNUFU NIt aaunanIenstleu

[0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 1 0];

[0 0 0 1 1 1 1
0 0 0 0 0 1 1
0 0 0 0 0 1 1
0 0 0 0 0 1 1
0 0 0 0 0 0 1
0 0 0 0 0 1 0];

net=newff([905.14 2036.57; 1 15],[10,10,1],{'tansig','tansig','purelin'},'trainlm');
net.trainParam.show=100;

net.trainParam.Ir=0.6;

net.trainParam.mc=0.8;

net.trainParam.epochs=50000;

net.trainParam.goal=0.001;

net=train(net,p,t);

% weight of network
input_weight = net.iw{1,1}
output weight = net.lw{2,1}
bias_hidden = net.b{1,1}

bias_output = net.b{2,1}



M99 V.1 ﬂ’J'INﬁﬂ‘Wi;ﬂﬂﬂ'lﬂﬂ]iﬁ]‘lﬂﬂwﬁﬂ?]ﬂl!%ﬂﬂﬁ?‘llﬂﬂﬂ?iﬁﬂllﬁ

Y

[

o d Y]
‘llﬁ)ﬁglaﬂ1§ﬂ1‘1»ﬂﬂf/lﬁellﬂxﬂﬂflﬂﬂﬁﬁ!ﬂﬂﬂ1iﬂﬂﬂ!!ﬂﬂﬂﬂﬂﬂﬂiﬂ

&’ t4 a Y
“ll‘l»!11!11’[8]11!"!31!!@$ﬁﬁuﬂﬁﬂ1x‘lﬂ1’iﬂi’)uﬂﬂ

dg E% a Y
5111411!!@1’81413»1!!@%?]1111’]?[1’]1\1ﬂ]’i‘i’]i’)uﬂﬂ

o dy 9 i) a o
ﬂ1§ﬂﬂﬂlu1ulﬁﬂu|‘13\l ﬂiﬂ!ﬁﬁuﬂﬁﬂNﬂﬁ‘ﬂi‘)uﬂﬂ

o dy 9 ) a o
ﬂ”liﬂﬂﬂ]ﬂ?ﬂ!ﬁﬁlu]lll ﬂﬁﬂmnﬂlﬁ‘ﬂﬁﬂﬁﬂ@uﬂﬂ

I 3 7 a 1 = a
GITSNLLﬁﬂQL’IJi’Jil%u@]ﬂ’n&lNﬂWﬂWﬂ‘UENﬂWﬂ’J”IiJ!‘SfJ']JN’J(Rq)

/@ = ] S
9‘]15N!Lﬁﬂ\i!1]@5Lclﬂmﬂ’J”IiJWﬂWﬁ1ﬂ"UENﬂ1ﬂ’JﬂJL§fJ‘UN?I(Rq)

AMANUTIVA R,) AANUST VA (R) %ANUAANIAVDIA APNUST VA R) ANNUS VA R) %ANUAANDIAVDIA
NN IATIZH A8 MATLAB NNTNAADI AE A0S INMIIATIZH A8 MATLAB NMINAADI A sURRIed
1.7406 1.434 21.38% 1.8101 1.4374 25.93%
1.749 2.1376 18.18% 1.8103 2.2884 20.89%
1.7603 1.8409 4.38% 1.8118 1.9712 8.09%
1.8301 2.2237 17.70% 1.8918 2.1585 12.36%
2.4746 2.5704 3.73% 2.5956 2.0123 28.99%
2.7101 2.4012 12.86% 2.8531 2.6266 8.62%
2.9005 2.3246 24.77% 2.6489 2.5218 5.04%
1.7798 1.5767 12.88% 1.6048 1.6097 0.30%
1.8123 1.6414 10.41% 1.5981 1.5389 3.85%
1.8472 1.5488 19.27% 1.5868 1.7282 8.18%
1.926 2.3864 19.29% 1.5816 2.4954 36.62%
2.0389 3.1689 35.66% 2.1278 2.8154 24.42%
2.6237 2.5485 2.95% 2.2658 2.5954 12.70%
2.7886 2.5183 10.73% 2.2192 2.4229 8.41%
aatlunlesiFudanuianan 15.30% AatlunlesiFudanuianain 14.60%
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M319N V.2 ﬂ?]%lﬁﬂwa'Iﬂ“lnﬂﬂ1iﬁ11!18]!’4aﬂ31Nl§ﬂUﬁ3ﬂlﬂﬂﬂ1iﬁﬂ1ﬁ

g k% a Y
61]’31\1!@1’8]11!11“!!631’['3141’]?[1’]1\1ﬂﬁ‘ﬂi’)‘ﬂﬂﬂ

dg t% a Y
ﬂl?1ﬂ!ﬁﬂﬂ1ﬂ!!ﬁ$ﬂ]&l‘ﬂﬂﬂﬁﬂ]iﬂi’)uﬂﬂ

o dy 9 i) a Y]
ﬂﬁﬂﬂﬂl’ﬂ\ilﬁﬁm“li\l ﬂimﬁ?uﬂﬁﬂNﬂTﬁ‘ﬂi‘)uﬂﬂ

o dy 9 = a o
ﬂﬁﬂﬂﬂl?N!ﬁﬂu]liJ ﬂﬁﬂmﬁJﬂﬁ‘ﬂNﬂﬁﬂ@uﬂﬂ

/3@ a ] A A
@lﬁNLLZ’fﬂQLﬂﬁJ5!,“]5149‘]?1’JW?JWﬂWﬁ”lﬂﬂJ60ﬂ1ﬂ31m§8ﬂﬂ’3(Rq)

/g7 S ' A A
G‘IﬁNLLﬁﬂﬂlﬂﬂi!“lﬂ!ﬂﬂ?lHJNﬂWﬁWﬂ‘U’l’Nﬂ1ﬂ313JL§EJ‘]JW’J(Rq)

ANNUT VA (R) AMANVTIVA R) %ANUAANDIAVDIA AMANVSIVA? (R) AMANVTIVA R) %ANUAANAIAVDIA
1INATIATIZH A8 MATLAB NMINAADI A euinianos NMINATIZHAIE MATLAB NMINAADI A euRiIaaes
3.5099 3.7167 5.56% 3.593 3.7963 5.36%
3.5188 4.0492 13.10% 4.5854 4.5177 1.50%
3.5342 41118 14.05% 4.9966 5.5219 9.51%
3.9025 5.8458 33.24% 7.2087 6.2512 15.32%
5.9884 6.624 9.60% 7.4121 9.8254 24.56%
7.1685 6.2256 15.15% 6.8118 9.0003 24.32%
8.2617 6.5669 25.81% 6.8835 9.4389 27.07%
3.5059 4.1102 14.70% 3.9233 3.7121 5.69%
3.5361 4.2092 15.99% 4.3469 3.7176 16.93%
3.6775 39111 5.97% 4.5462 3.5448 28.25%
5.3479 6.619 19.20% 6.4999 5.0518 28.67%
5.4845 7.5146 27.02% 9.5186 6.4755 46.99%
5.4868 6.1833 11.26% 6.7715 5.4566 24.10%
5.4921 4.9679 10.55% 6.8707 6.1709 11.34%
AatlunlesiFudanuianain 15.80% AatlunlesiFudanuianain 19.26%




M3197 4.3 AnuAanaanInmsinerayelivesmsnald

6~

sz anmamansileuda vinaelfuazanmiamamsiouda
msdavunadenlsd nsdaudsmamsiloura mifavudeuls? ns@aufirmamstouda
muaauesifudnnuianaiaveansiaye muaauesifudnnuianaiaveansnaye

1INM5ATIZH A8 MATLAB NNMINAADY MANUHANAA NMINATIZH A8 MATLAB NNNMINAADI MANUHANAA

0 0 0 1 1 0

0 0 0 1 1 0

0 0 0 1 1 0

0 0 0 2 2 0

0 0 0 1 1 0

0 0 0 1 1 0

0 0 0 1 1 0

0 1 1 1 1 0

0 0 0 1 1 0

0 0 0 1 2 1

0 0 0 2 1 1

0 0 0 1 1 0

0 0 0 1 1 1

0 0 0 1 2 1

aatlunlosiFudanuianaia 7.14% AalunlesiFudauianain 28.57%

Y a A < A
Hyuye @ 0 lLZ‘TﬂQ’ﬂhlllLﬂWQEJ uag 1 Llﬁﬂﬂ??!ﬂﬂﬂgﬂlﬁﬂﬁﬂﬂ 2 Llﬁﬂ\n"l!ﬂﬂ*l!ﬂﬂWHﬂﬁN




0l

d’ a [ 2 U 4
M1319N V.4 ﬂamWﬂ‘wmﬂﬁ]1ﬂmﬁ‘nmmmmgﬂvlummmﬁﬂﬂ"lu

4" k% a Y
61]’31\1!@1’8]1!11“!!33113141’]?[1’]1\1ﬂﬁ‘laji’)uﬂﬂ

dg t% a Y
‘ll’JN!E’I’EI‘I»!IlN!!%’IgﬁnuTIﬂTINﬂ]’i‘i’]i’)uﬂﬂ

o dy 9 I a o
ﬂ”liﬂﬂ‘ll’JN!.ﬁfJumlll ﬂimﬁﬂuﬂﬁﬂﬁﬂﬁﬂ@uﬂﬂ

o dy 9 = a o
ﬂ”liﬂﬂ“ll’JN!,ﬁfJuth ﬂim@ﬂﬂﬂﬂﬂNﬂﬁﬂ@i‘!ﬂﬂ

muaauesifudnnuianaiaveansiaye

muaauesifudnnuianaiaveansiaye

INMI AT A8 MATLAB NNNMINAADI AANUAANAA 1INM5ATIZH A8 MATLAB NNNMINAADI AMANVAANAIA
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
aatlunlesiFudanuianaia 0.00% aatlunlesiFudanuianaia 0.00%

J 1a 1A I 1A
nuuye : 0 LLﬁﬂ\i'J"IllﬂJLﬂWlquJ uag 1 !Lﬁﬂ\ﬂ%ﬂﬂﬁqﬂmﬂﬁlﬂﬂ 2 !Lﬁﬂﬂ’ﬂmﬂﬂqu]ﬂ?uﬂﬁ%i




M3197 1.5 ANUAANAIANINMININBHARNIAZHAYDININA 13T

[ e

vinaeylfiazanmiamamsiouda v lfiazaumiamamsiouda
msdavunadenlsd nsdaudsmamsiloura mifavudeuls! ns@aufirnamstouda
myuaalesFudaNuAaNa1AvINIRN myuaalesFudaNuAANa1AYINIRN
INM3 AT A8 MATLAB NNINAADY AMANUHANAA NMINATIZH A8 MATLAB NNINAADY MANUHANAA
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
1 1 0 0 0 0
0 0 0 0 0 0
0 1 1 0 0 0
1 1 1 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 1 1 0 0 0
0 0 0 0 0 0
1 1 0 0 0 0
1 1 0 0 0 0
AalunlesiFudanuianain 21.43% AatlunlesiFudanuianain 0.00%

Weme : 0 ndasmiuegndes uaz 1 udasmnieligndes




cr—n

M3197 0.6 ANUAANAIANINMINNBHARNIAZHGAVDININA 13T

&’ t4 a Y
51I’JN!ﬁFJ‘HUlNl!ﬁzﬁ?ﬂﬂﬂ‘i’lﬁﬂﬁ‘ﬂ@ﬂﬂﬂ

&’ t4 a U
SII’JN!ﬁFJ‘HU!N!!ﬁ$ﬂ1ﬂd1’lﬂﬂ1ﬂﬂ1§{]'ﬂuﬂﬂ

o dy 9 = a o
manmnmﬁau'lu ﬂ‘iﬂ!ﬁ’luﬂﬁﬂNﬂﬁ‘ﬂ@uﬂﬂ

o dy 9 ) a o
ﬂﬁﬂﬂﬂl?N!ﬁﬂu]liJ ﬂﬁﬂmﬁJﬂﬁ‘ﬂNﬂﬁﬂGUﬂﬂ

I 3 J a =
MINLAAULBTIFUANNURANAIAYDINITAN

I 3 J a 2
MINLAAUBTIFUANNUHANAIAVDINITAN

INM3 AT A8 MATLAB NNMINAADI MANUHANAA NMINATIZH A8 MATLAB NNMINAADY MANUHANAA
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 1 1 0
0 0 0 1 1 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
1 0 1 0 0 0
0 0 0 1 1 0
AalunlesiFudanuianain 7.14% aatlunlesiFudanuianaia 0.00%
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Abstract

Fax: 0-2872-9080

E-mail: kusol.pro@kmutt.ac.th

This objective of this research is to study parameters that
affect the efficiencies of the routing process for manufacturing
rubber-wood furniture using a PCD (Polycrystal Diamond) cutting
tool. Cutting tools, currently in use, may include: High Speed
Steel (HSS), Tungsten Carbide, and PCD tools. Although
extremely more expensive, the PCD cutting tool has much longer
tool life than others in this group. However, only few Thai
manufacturers are using the PCD tools because of the higher
prices and the lack of enough decision-making information to
determine optimum cutting conditions for producing quality parts.
In this research, the optimum cutting conditions, affecting surface
roughness, wood splinter, and burn were investigated. They
include: cutting speeds, feed rates, and cutting directions (relative
to wood-grain orientations). In addition, power consumption rates
for each condition were studied. The results show that the
condition at a cutting speed of 15,000 rpm and at a feed rate of 8
m/min yields a part with the best surface finish having smallest
surface roughness (Ra) and having no wood splinter.
Nonetheless, the power consumption rate at the cutting speed of
15,000 rpm is approximately 30 percent higher than at 21,000
rpm.

Keywords: Wood cutting, PCD router, Cutting conditions, Surface
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Abstract
This research is to study parameters that affect the

efficiencies of the routing process for manufacturing rubber-wood
furniture using a TC (Tungsten Carbide) cutting tool. Cutting
tools, currently in use, may include: High Speed Steel (HSS),
Tungsten Carbide, and PCD tools. However, more Thai
manufacturers have been using the TC tools for years, they do
not have enough decision-making information in order to
determine optimum cutting conditions for producing quality parts.
In this research, the optimum cutting conditions, affecting surface
roughness, wood splinter, and burn, were investigated. They
include: cutting speeds, feed rates, and cutting directions (relative
to wood-grain orientations). In addition, power consumption rates
for each condition were studied. The results show that the
condition at a cutting speed of 16,000 rpm and at a feed rate of
12 m/min yields a part with the best surface finish having
smallest surface roughness (Rq) and having no wood splinter.
Moreover, productivity rate of this condition is 80% higher than at
condition feed rate of 1 m/min. And electrical current use is 30%

lower than that of conventional cutting speed of 10,000 rpm

Key word: Wood cutting, TC router, Cutting conditions, Surface

integrity
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to000 | K | v | H |y || K R R
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Abstract

The objective of this research is to study parameters affecting the efficiencies of the
machining process for manufacturing rubber-wood furniture using a TC (Tungsten Carbide)
cutting tool. Eventhough most Thai manufacturers have been using the TC tools for years,
they do not have enough decision-making information in order to determine cutting
conditions for producing quality parts. In this research, the cutting conditions, affecting
surface roughness, flake, wood tearing and split, were investigated. They include: cutting
speeds, feed rates, and cutting directions relative to wood-grain orientations. In addition, the
neural network model has been developed from the experimental results in order to predict the
quality of the product obtained under any working parameters. The results show that surface
roughness (Rq) depends on the feed rate used. Flake generally occurs when cutting along
wood grain and using down cutting. Wood tearing occurs when cutting along wood grain
using up cutting. Electrical current required decrease with increase of the speed. Prediction
errors by the neural networks appear to be acceptable.

1 Introduction

Currently, furniture made of rubber wood is gaining popularity all over the world. Thailand is
one of the leading exporters with its exporting value exceed 1 billion US$ [1]. However, Thai
manufacturers still lack of information needed in determining the cutting conditions for
producing quality parts. Determining those conditions is difficult because rubber wood is
non-homogeneous material and the cutting directions relative to wood-grain orientation affect
machining quality. Although cutting tools for rubber wood machining may include High
Speed Steel (HSS), Tungsten Carbide (TC), and Polycrystal Diamond (PCD) tools, the TC
tool is widely used because of its reasonable price. The common problems in rubber wood
machining are flake, tearing and split, and rough surface. Figure 1 shows flake on machined
surface. It occurs especially when cutting along the wood grain. Manual polishing is
required before painting can be done. This extra step will increase manufacturing cost.
Wood tearing and split is almost unreworkable if it is severe as shown in Figure 2. So they
must be avoided in rubber wood machining.

In this paper, the influences of cutting conditions in CNC machining of rubber wood using
tungsten carbide cutting tools were investigated. The Artificial Neural Network (ANN) was
also developed and can be used for predicting the quality of wood machining.

2 Experimental Methodology

2.1 Machining Conditions

In this research, straight-cutting-edge tools of 18-mm diameter were used to machine rubber
wood workpiece of 450 x 750 mm. The CNC machine, Masterwood 2.45 K, with maximum
speed of 24,000 RPM and maximum feed rate of 24 m/min was used in experiments. Depth
of cut was fixed at 3 mm. The investigating parameters are speeds, feed rates, and cutting
directions. The speeds were varied at 8,000, 10,000, 12,000, 14,000, 16,000, and 18,000
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RPM. The feed rates were varied at 1, 2, 3, 6, 9, 12, and 15 m/min. As shown in Figure 3,
cutting directions are identified as the following four cases.

A: along grain and up cutting
B: across grain and up cutting
C: along grain and down cutting

D: across grain and down cutting

Figure 1: flake on the machined surface.

(a) (b)

Figure 2: wood tearing and split on the machined surface: (a) tearing (b) split.
3 Experiment Results and Discussion

Factors used in evaluation of experiment results include surface quality of machined surface
and power consumption.
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Figure 3: cutting direction corresponding to wood grain: (a) in case of up cutting (b) in case
of down cutting

3.1 Surface Quality of Machined Surface
Surface quality of machined surface that is focused on this paper includes flake, wood tearing
and split, and surface roughness.

3.1.1 Flake on Machined Surface

When cutting along wood grain, flake will occur easier than cutting across grain, as shown in
Table 1. Compared to up cutting, flake will occur on the machined surface easier when using
down cutting. This is because there is no scraping action between the tool and machined
surface in down cutting [2]. When lower feed rates are used, flake also will occur easier than
using higher feed rates.

3.1.2 Wood Tearing and Split on Machined surface

When cutting along wood grain, wood tearing will occur easier than cutting across grain, as
shown in Table 1. Compared with down cutting, wood tearing will occur on machined
surface easier when using up cutting. This is because, different from down cutting, in up
cutting the tool will pull up wood grain and finally cause wood tearing. When higher feed
rates are used, wood tearing also will occur easier than using lower feed rates.

Split on machined surface occurs when cutting across wood grain and using down cutting,
which is obvious when faster feed rates are used. This is because down cutting will generate
more vibration than in up cutting [3].

3.1.3 Surface Roughness

Figure 4 shows surface roughness of each cutting direction at various feed rates and at the
speed of 16,000 RPM. Surface roughness (Rq) will increase with increase of feed rates.
Cutting along wood grain will produce machined surface with better surface finish when
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compared with across grain cutting, regardless of feed rates used. Surface roughness of
polished surface is 2.87 um that is greater than that obtained when cutting along wood grain
at each feed rate investigated. This implies that there is almost no need to perform manual
polishing. On the other hand, surface roughness for cutting across grain is higher than that of
the polished surface. When investigating on other speeds used, the results appear to be
similar to those at 16,000 RPM. Cutting at different speeds slightly affects surface roughness
as shown in Figure 5.

Table 1: surface quality on machined surface: flake and wood tearing.

Cutting | Speed feed (m/min)
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Figure 4: relationship between surface roughness and feed rates.
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Figure S: relationship between surface roughness and speeds when using up cutting along

grain.

3.2 Power Consumption

In this paper, power consumption is measured in term of electrical current used. Cutting at
different feed rates slightly affects the electrical current as shown in Figure 6. The faster the
speed is used the lesser the electrical current is required. At speed of 18,000 RPM, it requires
the least electrical current because this speed is close to the presumably high efficiency of

motor.
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Figure 6: electrical current used when using down cutting.
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4 Result of Neural Networks

This research uses a Neural Network Toolbox in MATLAB for modeling the back-
propagation network. There are twelve neural networks, totally linked, for outputting surface
roughness, flake, and wood tearing and split. All networks have the same architecture as
shown in Figure 7, which was chosen after a number of trials. Each network consists of two
input neurons, one hidden layer with six neurons, and one output neuron. The two inputs X;
and X, in Figure 7 are cutting speed (m/min) and feed rate (m/min), respectively, while Y is
the output of interest as previously mentioned. Tan-Sigmoid was used as a transfer function
in the first layer. For the output layer, linear transfer function was used. Levenberg-
Marquardt algorithm was used as a training function. In training of 112 data sets, the learning
rate was set at 0.25; error goal was set at 0.1; learning rate was set at 0.25; and a number of
epochs were set at 50,000.

Although there are only two parameters, speed and feed rate, explicitly used as input neurons,
cutting directions relative to wood-grain orientations, including case A, B, C, and D, were
implicitly taken into consideration for predicting the output. For example, in training the
network for outputting surface roughness for case A, the output data, so called a target, was
from the experiments when cutting along wood grain and using up cutting (case A). This
means that there are four networks corresponding to each output of interest. Each network
was separately trained and ended up with an individual set of weights and they are linked as
being used for the prediction the output of interest.

Table 2 illustrates percent errors between predicted values by neural networks and experiment
values, which were calculated from 56 testing conditions. The maximum percent errors for
predicting surface roughness, flake, and wood tearing and split are 19.26, 28.57, and 21.43,
respectively.

Yy

T

Figure 7: neural network architecture.
5 Conclusion

In this paper, the influences of cutting conditions have been investigated and can be
concluded as follows:
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o Flake generally occurs when cutting along wood grain and using down cutting.

e Wood tearing occurs when cutting along wood grain using up cutting.

e Split occurs when cutting across wood grain using down cutting.

e Surface roughness (Rq) depends on the feed rate used.

e FElectrical current required decrease with increase of the speed.

The neural network has been constructed and tested for prediction of surface roughness, flake,
and wood tearing and split. The prediction errors by the neural networks appear satisfactory.

Table 2: results from predicting by neural networks.

Along grain Across grain
Type of defects
Up cutting Down cutting Up cutting Down cutting
Roughness 15.30 % 14.60 % 15.80 % 19.26 %
Flake 7.14 % 28.57 % 0.00 % 0.00 %
Tear and split 21.43 % 0.00 % 7.14 % 0.00 %
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