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Executive Summary

Thailand has long been exporting furniture made from rubber wood to a number of
countries. Since 1992, rubber wood has been developed so that it can be used for making
furniture. In 2001, Thailand had exported furniture, made from rubber wood, approximately
55,757 million Baths in value. There exists strong competition in the exporting especially to
America. The competitors may include Malaysia, Indonesia, China, and Vietnam. On the other
hand, exporting to such countries as Japan and some European countries is still open for Thai
exporters to expand their business because products exported to these countries require high
qualities with almost no limit of the price.

To improve the quality of the products, Computer Numerical Control machines (CNC
machines) have been used for producing parts of furniture. This will provide the increase in
productivity and the consistence in quality. However, most of furniture manufacturers have
utilized their machines about 30 percentage. So, there should be researches targeting to increase
machine utilization.

Advantages of using CNC machines in furniture manufacturing are that a number of
different designs can be produced in a timely fashion and that the same part can be repeatedly
produced with the same quality. Nevertheless, cost of a CNC machine and maintenance cost are
very high. Optimal conditions for manufacturing furniture parts become necessary in order to
optimize machines utilization. The three main conditions include federate, cutting speed, and
depth of cut. Currently, these conditions are determined accordingly to operator expertise
because the optimized conditions for rubber wood cutting are not well provided as in metal
working.

In wood cutting for making furniture, the most extensively used process is milling
process, so called “router” in wood machining. Machined surface is a key factor in determining
finish product quality. This is because more extra time will be needed for hand finishing process
if rougher surface is produced from the machining operation. This will lead to more production
cost. In some cases, the parts may have to be scraped because there are tear that is so deep that
the part cannot be reworked. The aim of this research is to investigate the optimized conditions in
rubber wood cutting which lead to good surface finish, tool life, and production rate. In addition,

table illustrated the recommended cutting conditions for each tool type will be provided.

v



In this research, experiments are divided into 209 sets, 188 sets for Tungsten Carbide
(TC) cutting tools (both blazing and insert tools), 9 sets for Polycrystal Diamond (PCD) cutting
tools, and 12 sets for effects of shear angle and tool diameter. Workpiece used in the experiments
is made from solid wood by finger jointing small strips. Spindle speeds and federates are varied
in order to examine machined surface. Furthermore, experiments are designed to vary cutting
conditions as along grain, across grain, upcut, and downcut.

This research has been sponsored by three sources, TRF (a major source) and MTEC in
terms of in-cash funding, and SDP Intertrade Co., Ltd. in terms of in-kind funding. The research
has started since May 2001 and taken for a period of 4 years and 8 months. Reasons for being a
delay of 3 years and 2 months are mainly because it is being not-entirely understanding of
problem solving caused by the first-time used machine and the modified software by the
manufacturer of the new machine.

Result of this research is data for determining optimal conditions that will be used for
rubber wood machining with different types of cutting tools. Because lots of wood workpieces
will be used in wear study, this research has investigated wear on cutting tools on some
conditions. Also literature review on wear has done for supporting the research finding. In
addition, one Master student and 7 undergraduate students have graduated from this research.

Three conference papers and one international conference paper have been published

from this research. And two seminars, intended for furniture manufacturers, were held.
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Investigation of Optimum Working Conditions in Using CNC Machine to Produce

Rubber-Wood Furniture

Abstract

The objective of this research is to study parameters that affect the efficiencies of the CNC routing
process for manufacturing rubber-wood furniture using PCD (Polycrystal Diamond) and TC
(Tungsten Carbide) cutting tools. There are two types of TC Cutting tools used, including a blazing
type and a turnover type. In this research, the cutting conditions that affect surface roughness, flake,
wood tearing and split, and power consumption were investigated. They include: cutting speeds,
feed rates, cutting directions (relative to wood-grain orientations), and inclination angle and
diameter of cutting tools. The results show that, if using PCD tools, wood flake occurs when
cutting across wood grain. But, if using TC tools, the flake normally occurs when cutting along
grain. Down cutting was likely to produce flake than using up cutting. Compared to down cutting,
up cutting has more tendency to produce wood tearing. However, this will diminish if cutters
having inclination angle were used. Wood split will occur more frequently when cutting across
grain using down cutting. However, wood tearing and splitting were not found if PCD tools were
used. The results of roughness measurement have shown that the higher the feed rate used, the
higher the surface roughness (Ra) will be detected on wood surface, regardless of cutting directions
(up cutting or sown cutting). Cutting along grain will produce much better surface finish than
cutting across grain. Compared among three types of the tools used, it is obvious that PCD tools
have produced the best surface finish, following by turnover-TC tools and blazing-TC tools. When
power consumption is measured in terms of electric current, the result has shown that cutting at
lower speed will consume more power than higher speed. As tool diameters have changed from 18
mm to 22 mm, the changes in surface quality and power consumption are not apparent. In addition,
the neural network model, developed from the experimental results in order to predict the quality of

the wood cutting, can predict the result within an acceptable range of errors.

Keywords: Cutting Rubber-Wood / Tungsten Carbide Cutting Tool / Polycrystal Diamond Cutting

Tool / Surface Quality
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2
D ﬂiﬁﬁﬂﬂl’ﬂﬁlﬁ’ﬂuqﬁj Lmzmwﬁmamﬁﬂauﬁﬂ (Across Grain, Downcut)

511 3.3 NeamsnauuuMunANIIMItou

Y



3.3 Wnmes Milumsdsziiuwa

3.3.1 qmmwﬁa (Surface Integrity)

M) ANWIS VR (Surface finish) a1u15030 18RS ARG IUAY FIo1FHendanng

Yy o

v o =) a a (% 9 19 d‘ d’ [
Eﬂﬂﬁ’J’Jﬂﬂ’ﬂm%’fJ‘UW’J“]JUN’thJVWI’ENﬂ']'iVHﬂﬁ’J@ LLﬁ’JﬁQGUEJiJ“ﬁhlﬂﬂiﬂillﬂium‘lﬁl']&"llﬂﬁlﬂﬁfN’Jﬂ

A

a I 1 a o o
(Taylor-Hobson instrument) LW@ﬂﬁmNuWﬁlﬂUﬂWﬂ’ﬂﬂJﬁEJ‘]JW’JLLﬁmLﬁﬂQNﬁiugﬂﬁTﬂﬂTﬁQﬁﬂﬁ

= 1

4 [ o = d’ o ~ d'cu 9
e TR (Root Mean Square; Rq) LLEI$EJ\‘]ETTJJ”IﬁﬂﬂWu’JmIﬂﬂVli]H;]LW@uﬁﬂlﬂﬁlelmEJiJﬂTﬂ’Jﬂulﬂ

'
[ =

[ A [ =\ a £ 1 o [] I a P o 1 =
AINNITIAATOIIAAITULTYIUN “]Nﬂ"lfl]1f‘lﬂ”lﬁﬂ”IM’J‘EI!’OQGLHE‘]JL‘}JHWWﬁmﬁﬂﬁﬂfﬂﬂﬂlﬂﬂﬁ‘ll’ﬂﬂﬂﬁ

g

Aa o { @ Q u’/‘ <3
ﬂiuﬂ”ﬂ/\lN’JLWS1$§@EJﬁﬂEU’E)QﬂllGlﬂﬁﬁﬂl!ﬁ%gﬂﬂlﬂﬁ@ﬂﬁﬂﬂlﬂﬂﬂuﬁﬂ Gdﬁwnmqmmsaummuﬁaﬂ
auamIeduiadieie 1d

@ =~ a @ Qy & 3 a = @ A A
ﬂ"l’i?]ﬂﬂ?]"llll,iEJ‘]JN’Ji]%’mcluuu’J@ﬂiJEJ"I’J‘"'IJE’N“]f‘lN"IuGD’QL‘]Juﬂﬁ‘V]Nm&J’Jﬂ‘UﬂﬁLﬂa@uﬂﬂl’ﬂﬂ
S W o 1 Ao v 9 v dy Yy 1 L= = d&yad'd
hl”]Jllﬂﬂﬂ Iﬂ&l@1LLWUQ‘1/I‘VHﬂ"I§’JﬂG]E’Nh13JL‘]JuS’ENGUE’NLﬁEJLlUlll lli\lll‘l‘lﬂ ulllllﬂ"l'iﬂﬂ UIDNUNINUNIT
dy Y A 19 Yo I A @ = a A =
‘HQWIJE’NLHE’Julllllei’JllllGl,ﬁ‘lri’f]lfllﬂﬁllﬂ\imii’N’JﬂﬂTniJLiEJ‘]JWTJLﬁEM"IEJ (Llﬁﬂ\151ﬂﬁ$mﬂﬂ1uﬂ1ﬂﬂu3ﬂ

n.)

Y ] Y
%) yo 137 (Flake) Ao wwvouite 140 luamnsonasen ldnua uaziaaaeguuamisuau

Y 1
A o

2 A yve o g A 1o 9y A yoa o y & v
Feypuoute lduudwenoomiuyen luirlmide Idinanundenie uazyeildiie 1

Q

4
=K ==K 1 4 a

Y ] ' 1
(dor1e MINAYLIVONINTUADUMTTARI TINNTUFIAIHAADAUNUMIHDA (FIDE19NTAAN

q

P
a <K

ﬁ"lgﬂlﬂﬂﬂluﬁ1h15ﬂ@ﬂ11ﬂﬁ]1ﬂﬂ1ﬂNu’)ﬂ n.)

< Y
A) AUV 13T (Surface defect) tlenanluANdsIBINMTANYDUTID 15
= dy Y X = anl A [ = A
uazANNdenIeINMIngavewiie 1l Faderiensaesuuuneiniunnudenien

$rouse ldamnsaiimsun 1d Taemsda (@usngnInaInmaruIn n.)

D} YR I o = o PSP { v =
3) ﬁ@ﬂllﬁll‘ll'ﬂﬂllll “]NL‘IJL!GITLNTJ@ﬂﬂﬂ‘l]uﬂ@l‘!ﬂ'ﬁ"llﬂw’lﬂlwusllu !Lﬁ&tu?IuNﬂTﬁﬁﬂWﬁﬂ

P < =
Wiﬁﬂli?‘"ﬁ]ﬂ‘ﬂﬂﬂ

3.4 unsainlsluanuise

A @ Ad A A ) [ 9 1 . <
- ITDIINTNAFIDUY (gﬂ“ﬂ 3.4) mmmm'lu U Winner 2.45 K 193 Masterwood Iﬂﬁlﬂ’ﬂuﬁ’l

FOUFIA 24,000 TOUADUIN tazdATIMIHounAgaga 24 uATADLIN



Al ] o d 1
517 3.4 n5esinsnadousnldlunminaaes

feawian

I ldlumanaassldnnmsaevesliidhdresuTastauvuilulal Tasvuna

nazdnvazves ldnlduaasluglin 3.5

%

7 7 /

P
%

N7z

500 Vaalag

\

800 UaaluASs

A

517 3.5 Ideramis il lumsnanes



- lufladatsasauas luduuuiondia (Blazing Tool) uwanslugili 3.6 Taslidurugudnang

a A A w J = Y
18, 22 LAy 26 Haaluag LlazclﬂNﬂﬂQﬁLQUﬂ1ﬂUﬂLLUUﬂﬂﬂLﬂafJ‘LlUlﬂ

v
=

% S
51 3.6 namsluTaismaums lugnldnaaes
4 [ a 4 [ [ {
- 193093AANUIESURINADT-g0UFY (Taylor Hobson Instrument) Aduaadlugili 3.7

4 @ a a < < 4 v A Qy v W
!ﬂ?@\i’)ﬂﬂﬁnﬂﬁﬂﬂN'J%uﬂﬂlllﬂWﬂ Lﬂum%aﬁmﬂmwﬁwmmamuauwa ANNGIUD

o

A Y y A P o [} o oA A [ dy @
!ﬂi@\iﬁﬁlll'ﬁﬂ‘]_lﬁllllﬂ LW'E]cl‘ViL"U3Jf‘nﬂﬁ']W‘IslﬁﬂQiu@]TllﬁU\?ﬂlﬂﬂJTgﬁuﬂQQ UNAINUDNITNANIT

£

¥ A 9 a

i 42 < y - ? g
wasuneruasniulunne  msveedyanmuveunioiioiarniatiatiziswazlinnw

v o K {0 =2 o A

= A A A = [ 4 o 9 A v @ < ~
AZPDYAMNYIATIGY  NINTOIVTHAIUUNNAYYIUFIVE MU UINUUNDAYYIUNTUIINVNAINN

o Aa 9 ay T ~ 9 1:»] T ~ a ] 1
NITMUUNINUIBUINU uazmwam"lﬂuﬂau ummmn‘ﬂumiugﬂmmmmmmumm

d' A @ ~ a J [
31]7] 3.7 1ATOIAANULTYUNAUNADT- O UTU

3-8



- insedialsuanszua lihuuunnanilesuiines (Clamp-On Meter) naaslugiii 3.8

T |

o -:.:!jj!lljll_h

[

51 3.8 n5eeTallSuanszua liihwuuunauieouiimes

unauileeuiimosuniosonldianseud IWihnlF lumsdald  Taeldi5ueesms

adeame Iifshnmsae ln liuewmesnaruguanusvesluiia

3.5 msllasenadszamiian (Neural Network) lumsininanan i

o 1 = 3 29y @ o o Aaa
LL‘1J1J°’|]”IE‘]’t]\1IﬂiQ‘U”IEJ’]JS3611/]&7183Juullﬂilﬂﬂu‘ﬂa1ﬂlmlli]”Ia’EN HAaZHUUaINANG A

mimnzauuaz lasuanutovanngade  uuudieesuuuuuaTwsWuAFy  (Backpropagation
model)  1HpeInwpUs A e Inswnsu lutimsiyeu Toastunnudoundy  (Feedback
. J [ a A a dgj v =y o ' = £
connection) HADIRIAIANUAANAIATNINATUTZHINMIHNYA TATIvwlseamien Fen1nu
4 [ '
Nﬂwamﬁuﬁm'smiﬂai%’mmﬁﬂﬁﬁmaw‘hqﬂ (Least mean squared error) AANUHANAIALNA
Y 4 1
NAM5YTUMDI9mITn (Weight) serinasuvedIaseinsdseanmiiion aiimsdsuarauni
manuAananegluraisonsuld (Tolerable) TagTassdredszennildlumsiniiag ldan

519 3.9

U



Output Layer having 1 Neuron Y 1

f

Hidden Layer

having 6 Neurons @
‘
N2

2

,”

\

Input Layer having 2 Neurons X

510 3.9 puuaedlasesiedseamitenilalumsina

=1 ) =

3.5.1 mil’flﬂﬁ’ﬂimwmﬂizammsm

= o ' ~ A v ~ 9 ° 2 o o ~

marna lasselszamimensuauanmanisudoyaszinmsiniaduaaslugiln

Y Y & A a d A < ~ 1 ] A
3.10 Tagledoya91nninaasddaiinsimesag 2 gane ANWSITOVNDY 4 55AU Ao 8,000
10,000 14,000 1182 18,000 50 UABUIY LAz dAIMIHounaliog 5 52aU Ao 13 6 12 1ag 15 10A3
1 =) aov dﬁl 9 = o ] = 1 I~ a A <3
apu I Tuanddeilsmsdnialaseedscammeunisoontuounynae ANusII0U LAz
[ [ 1 4 A =~ a a 9 = 9
oasIMstouna dauemwnie ANuEeUAd MmImaye 1l wazaudeneveld

XY Y o a 14 Aq 9= o 1 = (% dy
Tuaave lddmuaduynuazioiynilddnialassielsz enniiouasil
4 a

1 a I a S 1 o 9 A =
- AIUVBIDUNNTUTUNIT NN DT NUNAADNTNATUAIYAT BIBLOUT

a

aQ

v
=

X, = ANUI5259U NILH 8,000 10,000 14,000 L1AZ 18,000 T0UADUIN

3-10



X, =0ns mstlouna N5zAv 13 6 12 uaz 15 wasADUIA

1 4 2

< 1w @ Y A Agd A
- mumaqmmwm«mLﬂuwaﬂizmmmmmuﬂﬂumiﬂmmmamiawmu«u Iﬂﬂﬂ']

d =

éy ' & éy 4 z;’ = 1 =1 1 J 12
VOUDINNNUNINUA 3 A1 GNVN?TTZJL@WW!T]H%%?JTﬂiﬂﬂﬂﬂﬂi%fﬁ‘ﬂmEJEJ"‘IJ@\‘ILLG]EWL’E]WI‘V!TI LA

q

9 [] = =\ [ 4 éy
Taseaswveslaseviedseamnouriouny L’E]WW!VWNZ‘T”IZJLLEJT‘IL‘]C_‘IU

Y, = ANUIG U
a 9
Y, = m3tnaye 1

= £
Y3 = mmmﬂmﬂmm”lm

4 = ¥ Y o ) 1 ° o o
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o 1 ' dg = ;f A Y éf 9 éy a
mstmuanulelszamlunaazdu Taolisungould 1 Fuilsznoudie Fuduwn (nput layer)
] ég {0 ég 1 éf o ]
2 wie Fufgou 1A% unsn (Hidden Layer) 6 W28 1agFUDIMNN (Output Layer) 1 W08 1@z
o o A YA 1 ~ Y . ¥
MMTANAMANUNANAN (Goal Error) thVI 0.1 HASAINITLIIUY (Learnmg Rate) vl'ﬂ/l 0.25 U9y
' v
LLUU%Ta@QGlﬁ}LﬁMTZﬁN ﬂ"lﬂ’l"lllNﬂWﬁTﬂﬁﬂ@M%ﬂqﬁﬁuﬁuﬁlﬁﬂ ATNITUNANAIAVINNITNATD U

9 1 = = o 1A 9 a A T Aa I 4
ﬂ'J‘(’JIﬂi\i"’U']fJ‘l]iZﬁ'TV]W]leJWIfJ‘Uﬂ‘]Jﬂ'Wlllﬂ%']ﬂﬂ"li“l/lﬂﬁf]\i%ﬁ\ﬂ]ﬂ'lllﬂlﬂu 10 1WosiHua

8} Untitled*® 1= x|

File Edit Wiew Text Debug Breakpoints ‘Web Window Help

Dl sE@ = |s(Af|aR|ARMDE| s~ xl
1 clc: )=
2 clear:

3 & train speed 8000 10000 12000 15000 18000 rpm & feed 1 2 3 6 9 12 15 m/min
4 p=[905.14 905.14 905.14 905.14 905.14 S905.14 905.14

i} 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 1584 1584 1584 1584 1584

8 1510.29 1810.2% 1810.29 1510.29 1810.29 1510.29 1510.29

9 2036.57 2036.57 2036.57 2036.57 2036.57 2036.57 2036.57

10
11 1236091215
12 L2369 1215
13 L2369 1215
14 L2369 1215
15 L2369 1215
16 123691215 ];

17
18 % atraight
18 | k=
20 [L.6ll6 L.5242 Z.2105 Z.4815 32,5713 &.6231 2.3305
21 1.4340 Z.1376 1.8409 Z,ZzZ37 Z.5704 Z.4012 2Z.324¢6
22 1.6421 1.7963 1.8324 1.9140 2.4308 3.4041 3.4663
23 1.5767 1.6414 1.5438 2.3864 3.1689 2.5485 2.5183
24 1.6141 Ll.6465 1.5728 2.0026 32,2380 2.5622 2.2415
25 1.7217 1.7426 1.5995 1.5550 2.0237 2.4294 2.2635]

28
7 net=newff([905.14 2036.57; 1 15]1,[10,10,1],{ 'tansig', 'tansig', 'purelin'}, 'trainln');

28 net. trainParam. show=100;

29 net. trainParam. 1r=0.6;

30 net. trainParam,me=0.8;

Xl net. trainParam, epochs=50000;

32 net.trainParam.goal=0,001;

33 net=train(net,p,t);

34
35 % weight of network
36 input_weight = net.iw{l,1}
ar output_weight = net.lw{z,1}

38 bias_hidden = net.b{1,1}

349 bias_output = net.b{2,1} =

4 [
|seript [Lh1a  col1
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4.1 NaMINABLINIMIFIUNAUULINFSHia1eHan (Polycrystal Diamond;

PCD)

T a

4.1.1 dNTWAVRINNINISITOVUAZDNIINI T UNANNADAUNNHITUNUHAININA

Q

4.1.1.1 apvauziINaNla

d' [ a ay G Y = =3
M1319N 4.1 Wﬁﬂ1§t’fﬁlﬂ@]ﬁ'ﬂ1WW’J%HﬂUﬂim1%1UN@LW%5WQ1&NQﬂ

Cutting | Speed feed (m/min)
direction| {(rpm) ] 12 15
Upcut | Downecut| Upeut | Downeut| Upecut |Downecut
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