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(A Preliminary Investigation of the Influence of Variables on
Machined Surface Condition in Para Wood Turning by High Speed
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Abstract

To study the influence of prominent variables on machined surface
conditions 1n Para Wood fine turning is the main purpose of this article. The
study was carried out into two stages, selecting the major affected variables and
setting their most appropriate parameter values. Five control variables taken into
consideration were cutting speed, feed rate, depth of cut, rake angle of the tool,
and the moisture content of the wood. In addition, three noise variables were
also involved, tool material, cutting operations and wood form category. The
tests were designed and conducted according to Taguchi method with all
variables at two levels; low and high. Based on the results obtained in the first
phase, the Evolutionary Operation technique was then applied to fine tune the
most appropriate paranieter settings.

The preliminary results revealed that the most affected factors to the
finished surface of Para Wood cutting were the rake angle of the tool and the
feed rate applied. However, the interactions of the rake angle and the feed rate,
mteractions of the cutting speed and feed rate, and the interactions of depth of
cut and the moisture contents have contributed to some small effects
respectively. The most appropriate setting values for each affected parameter
has been concluded according to the capability limits of the machine being used.
However, the rake angle of 70 degrees or higher together with the feed rate of

0.06 mm/rev or lower can be applied as the near optimal condition for general
case.
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(A Preliminary Investigation of the Influence of Prominent Variables on Machined

Surface Conditions in Para Wood Turning hy High Speed Steel Tools)
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2.4.2 NT2ENMLLWITIGDS (The parameter design)
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For new average = 2 5/ \/n = G635

For new effects = 2 § /\/; = 0635

For change-in-mean = 178 S /37 = 0.565

PNETTEURRLA S TRAINEeWa® (Calcwiation of Error Limits) Ms 1 580 n = 3 enanseye
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Fe Lo 4 PEn ’ 5 e
2 1] 2 3 01 2 a | &

3 2521 253| 242| 249| 238| 248| 306 L 264
R 3.29 i 324 | 300| 321 303 | 318 401 | 34
2 2183 | 2362 2109 | 22.18 | 2425 | 3392 | 27.44 | 2854

VIVCBALIEIRES R 983 ¥, V. By L B, L B T R e TR RS EVOP haras Hew

el

DEESIVEILINN [ mmaﬂw (Mew average) TLA@W 19N EVOP “/1 N 3 W Haslutag Frevious cycle
| a4 . X
average WY Previous cycle sum RAEENE PR Premous cycle average THWNUTWINATTI

EvDP 7 n = 3 leauTngeisae mwm:ﬂﬂumm "ﬂ 410 mu

@919 410 Ay unas EVOP Mo Phase =1 n =4

EVOQOP Calculation Sheet

Cyclee n= 4 Phase : |
! Calculation of Averages Caiculation of Standard Deviauon
Uperating Conditions 11] i2] 13] (4] (5]
Al Previous cycie sum 7.32 765 833 7.58 5.86|Previous sum § = (835
. 1 Previous cycie average 244 2.55 278 246 2.29|Previous average S = 0.418
i) New observations 241 267 2.69 2.49 2.64{New 5 = range x 5.n = 0,163
wl Differences (-1 003 012 0.09 -0.03 -0.35|Rangs of (v} = 044
i) New sums {3} +(1:1) 9.73 1032 11.02 387 5.50|New Sur S = 0998
vl New average (vim 243 258 276 247 2.38|News average S = (New sum Skia-1t = 0232
Calculation of Effects Calculation of Error Limits
Feed rate effect = 1/20y3+yd-v2-y3l = 014 For rew average = 2 § ¢ \""r—? = 0188
Rade Argle eftect = L2y3-ybyZ-ydl = 0.04 For new effecs = 2 5/ \:"1_1 = D..88
| ‘2o ¥ angie Ateraction effect = V2yl4y3-pd-y8l = 0.25
Change-in-mean eiect = VByE2+y3+yd-yS-4ylt = 0092 For change-in-mean = 1.78 8 ¢ \.-"; = [ 188
e BLuf T Aee nEawa s (Calolation of Error Limts) R R 4 773

gt FRuanle e NG FINANEVILUSINTINT 94 (Rake angle) UALeEF T UEs (Faed
ratal LA O 2\ sAplalale w:f‘-a’"-ﬂ@m“.uw@wwmmﬂwmﬁwmﬂ?mmu 768 0192 Folaiat Lpa
PATSIRELS AT lhﬂmﬁ‘q FarGumwinansiig 2 luses n - 1l

pfuaaa 1 ﬂ,wﬂv 4-2
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[Rake angle!

o
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50—~ 213 @

51+ 253@) ®

% % { > Emsn-sion
008 G106 0.12 mrn. ‘Rev, .

{Feec rate)

Error Limits &wSu Averages ! + (188
Effect with 95% error imits - | Feed rate | 0.140 £ 0188
Rake Angle 0.040 £ 0.188 |
FxA 0.250 £ 0188 '
| ?Change in mean 0092 £ 0.133 |
| Standard deviation : 0163
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a | > A a4 = ‘ = o 5
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1Hake ang.e!
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i5) (31
(1)
85 —/—
(4] {2
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| | FasTILaw
0.06 0'ce ol10 mm./Rev. _ _
|Feec rate!

Ul 4.3 famszanuiy 2 A miU EVOP WeGneud 2 1asnmaasis

2 = o W L a [ = s | oA v =
YT TIRR2 Ue NNITULYIMT Lﬁmdwmmuwﬂ?\ﬂ@ﬂuanwmmmmmawm FlE IR TINTELILA

w3 dumishwdasiou lesdnnauSeufiorate Ao R R uet R UnnghlumvesnsfiseLd

1 oama 2 lfoga R, R wer B anwenmaf 411 il

1N 4.1 WERIHAR IR NNTILR R e nmveaadse(cycle) 7 1 Wi n=1 vaamia 2 aanentladed

a

a i R . LA T =
NARE kBB EENLUAUILW RIVIBaNLLL 27 31150 EVOPR 453N1svaaadi

Al | 1 AL ' 2 WAy 3 SE
R i M Sa s et s ISR _r : ﬂ _
B fnleF IR v ! 2 3 7, 1 2 3 ¥

R 285 267 237) 256 242| 252| 195| 230| 261| 283| 225| 236

R 3.30 ; 343, 2971 3.23 | 301| 3301 251 294 338 36| 292! 329
i H |

R 23.00 | 2170} 18.39 | 21.03| 2008 | 227| 17.29| 2001 | 3267 | 4304 2082 | 2215

AP | 4 WAdY 5 WAL
B 1 2 3 #, 1 2 3 e
L : — : —

. F 2341 29| 267| 2684| 2320 175| 182 198
| E 287 362 335| 228 289 28| 227 245
R ‘{ 1690 2112 2135 1979 : 1958 | 13.62 5.1 ‘ 16,10

a v
SuFWET A7 (Phase) 2 18y

Fo4{cyciern = 1 AR R 233 3,

s i o =

i B T 5 F

v ] € v o= —~ 5 i . ‘,;n 2oY a8 -
1’5; L:mj AR TTIUWYNNR EVOP S4gse New observation I@mma ytikad-mlu’ﬁtd Previcus cyoe sam

=

‘ i 4 28 - o
LAY Previous cycle average MLUTINRIAT YA I0R RPN 4.12 2130
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f199M 4.12 aTainag EVOP e Phase = 2 0 = 1

EVOP Calculation Sheet

Cycleen= 1 Phase = 2
Caicuiazion of Averages Caiculation of Standard Deviaton
Creraing Conditions BN (2 ) (4] (5
I Previous cycle sum .00 0 b ¢ GiPrevious sum S =
1.1l Previous cycle average Previous average 3 =
il Mew phsarvat.ons 256 23 256 264 1.96New 5 = range £ 5 =
vt Difterences Hi)-nul Range of {2v) =
i New sums (1) +(iil 2.56 2.30 2.56 264 1.96|New Sum S =
w1} New average {v)/n 258 2.30 2.56 264 1.96{New average S = (New sum S)i{n-1) =
Calcriarion of BEffects Calculation of Error Limits
Feedrate effect = 1/2(y3+y4-v2-val = 047 For new average = 2 5 7 V"y_r =
Rake &ngle effect = 1/2(y3+y5-y2-yd) = -0.21 Fopten B = 2 A =

feed x angle interaction effect = 1/2(y2+y3-yd-v5) = 0.13

Change-in-mean effect = 1/5(y2+y3+v4+y5-4y1) = -0156 For change-in-mean = 178 5 /a1 =

! \194.:1'

&1 Ranges 19 3fluxa Wi s md winandidiieamadenas (Calculation of Error Limés) & 7
w2 380 0 =1 SedeldmanmiinaBaudfiautuennanamusnan famonls

Gafumautinlf Phase 2 uss o = 2 Minmesedlrafiendsussiuminia Unngnismens
vaaaalutaya R R uss R TR 413 6ed)

eITNT 413 wFaaNaA TR TUT SR ldmnmveaassaulcyee) B 2 via n=2 mueraieit e

| i 3 f woa L o= [ P
FARFIREE LI ASSARLUY 27 §5Y EVOP g39nymensdl

FRNVIRNT 1 wdy ) @Ay | 3

[ wbd 10 [ 2 3 501 |2 3 | mii 2] @ m
B 151 286 285 240 282 191, 272| 248] 213 278  s22 27
B 188 385 374 300 351 3239 363 | 1348| 266 367 o404 3

= 1379 | 2481 2550 2140 | 2278 | 1587 4570 | 2812 2178 | 244 e o

' ALY L 4 L??‘ii g ! i i o

ol 1 2 u oy 2 ‘ 3, Vool

R 224| 282 245 250 215 207 | 272 23
R 293 | 353 3 11-; 319 | 287 | 261 341| 296




B 2242 | 2343 | 2027 z 22.04 25.01 1831 | 2245 | 2192 ‘
. a a o - . -~ _ &t o« & al
WIFBELATALE R 223 v o v, VL W w;'y.gaa\"sl,ummduwr‘;r«a EVOP lulizs MNew

. a f f = At :
observeazion LR LaEN MY (New avarage) W EVOP vin =1 IR LA Previous CYCie
' i = L s e ey el s
averige et Previous cycle sum VRHATINREENINAT Previous cycle average lw:ti MOFETIT
" ” y?L = X LY &
ARSI LUET1Y 4 14 2191

G597 4.14 S TITWANNE EVOP Mo Phase =2 no= 2

EVOP Calculation Sheet

Cycleen= 2 Phase : 2
Caiculation: of Averages Calculation of Stancard Deviaion
Operanng Condiniors [t (2; i3] (4] (5]
il Previous cycle sum 2.56 2.30 2.56 264 1.96|Previous sum S =
i1) Previous cycle average 2.56 23 2.56 2.64 1.96|Previous average 5 =
ii) New opservations 240 248 2.71 2.50 231|New S = range x fon = 0133
i Differences {1i)-(il 016 -0.18 215 Q.14 -0.35|Range of (v} = 051
wl New sums (o +{1i1) 4.96 478 5.27 514 427|New Sum 3 = 0153
i) New average (v)in 2.48 2.39 2.64 2.57 2.14|New average S = (New sum 3)in-1) = 0.153
Calculation of Eifects Calculation of Error Limits
Feedrate effect = 1/2(v3+y4-y2-v5) = 0.34 For new average = 2 5/ \/; - 0216
Paxe Angle affect = 1/20y3+v5-v2-v4 = 009 Tar new effects = 28/ \f"; = 0216
‘s ® angle interaction effect = 12(y2+vy3-y4-y5) = 014
Change-in-mean sifect = USy2+y3+yd+ys-dyl) = -0.038 For change-in-mean = 178 S/ \/’; =0193

g rrre s R dsuaa ieeiewas (Calculation of Brror Limits) & AWe 2989 1 = 2 #oua
. - Wow ‘ ™ & | R
PIEUEIT PRI UTINDT MAanTErLanianitau (Feed rate) 1w 0 34 sn=i@nsirs
. o a [ v v oa 3 5 SE
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fAriTdon

iFeed r1ate;

Eror Limits  &@W3U Averages |

* 0216

Effect with 95% error limits - | Feed rate

|
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+ (0140 o218

Change 1n mean
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Standard deviation .
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fawedaaing High Speed Precision Lathe CMZ
B T-500 X 1500

I 2599

PR LINAET Ay

TEAnELaImRe
Capacity Height of centers
Swing over carrlage
Swing over bed
Swing over gan
Length of gap from nose end

Digtance detween centres

240
230
8GO0
540
220
1600,1500,2000.3000

mit.

[mim.

mirn

mm

n-1



Headstock Hole diameter

Speed

Smndle nose DIN 55022
Taper of Spindlebore

Center taper

Ins:de diameter of a front bearing

[nsicie diameter of a central bearing -

Number of sveeds

Range of standard speeds

Feed and Threads (with metric Box)

Lead screw diameter
Lead screw thread
Hexagonal feed bar

48 Metric thread selection

30 Whitworth thread selection

48 Longitudinal feeds of

48 Cross feeds of

Feed And Threads {with Whitworth Box)

Carriages

Lead screw diameter

Lead screw threads
Hexagonai feed bar

48 seiections

30 Metnc thread selections
48 Longitudinal feeds of

48 Cross feeds of

Width of longitudinal carriage :

Width of cross carriage
Travel of cross carriage
Travel ¢f too carmage

Range of ool

B2 M.
Size B
120 & 67 mm
Morse 5
85 M,
90 mm

13

28-1700 rpm

40 mm
6 mm
25 mm.
0,25 to 14 mm.

1Y% to 100 -
0.042 10 2.382
0,021 to 1.191

4 mm
4 h"
25 oo
2 o112 o

025 to 15 mm.
0,035 to 2,042
0018 to 1,021

475 mm.
210 mm.
298
135 mm

20X 20 mm



Tailstock Diameter of rod

75 mm
Center taper Morse No. 5
Maximum travel of rod - 162 mm
Length of guide 300 mam.
Bed Widch 370 mm
Hewght of center 315 mm
Weights  Approx. Weight of lathe 1000 mm. b/c 2260 Kg
Approx. Weight of lathe 1500 mm. b/c 2420 Kg.
Approex. Weight of lathe 2000 mm. b/c 2760 Kg.
Apprex. Weight of lathe 3000 mm. b/c 3000 Kg.
Rests Diameter of thread in the steady rest minimum/maximum 16 two 160

Diameter of thread in the follow rest mmimum/maximum

Main motor to 50 Hz.
Normal range

Theorical speed

75 HE
1500 rpm.

m.

15 to 82 mm.

n-3
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pHGHGH AU
Measuring principle
Electrode length
Measuring range
Dispiay accuracy
Bastery

Housing maternal
Ambient ternp.

Ambiant mosture

PTDVIRENNTY (moisture meter for wood and building material)

Testo 606

2544

EDTHU

Electrical resistance

8 mm

Wood 6-44%

Wood + 1%

3 X Cr2032 | replaceanie
Impact - vroof plasiic housing
(-40 °C

0-85 %
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