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Fig. 2.1 Overall view of the lathe. The CNC lathe XC-100 (Takamatsu Machinery Co.,

LTD.)
Table 2.1 Specification of XC-100.
Height oh the center from floor (mm) 1,050
Head stock
Max. spindle speed (min™) 4,500
Max. stroke of X axis (mm) 120
Tool post .
Max. stroke of Z axis (mm) 130
Mot Power of spindle motor (kW) AC 7555
or
Power of hydraulic motor (kW) ACO.75
Weight (kg) 1,900
Size : lengthxwidthxheight (mm) 1,150%x1,360%1,730
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(f)
I. Hydraulic
part
(a) 3D model (left)
I1. Tool post
Part
1V.Reference

Part

(b) 3D model (right)
Fig. 2.2 Schematic views of XC-100.
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Fig. 2.3 Method of measuring deformation C.
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[ Initial point O (X:+150,Z:+129 from origin) ]<
l Rapid feed
[ Point A (X:+20,Z:+40 from origin) ]%
l Rough cutting (2 times)
[ End Point (X:+20,Z: £ 0 from origin) ]7
Zero return
[ Initial point O (X:+150,Z:+129 from origin) ]
Tool change and rapid feed

[ Point A (X:+20,Z:+40 from origin) ]
Finish cutting

[ End Point (X:+20,Z: £ 0 from origin) ]
Rapid feed

[ Measurement point B (X:+20,Z:-10 from origin)

Zero return

Fig. 2.4 Operational flow of the cutting simulation test
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Table 2.2 Conditions of cutting simulation test

Rough processing Finishing
Spindle speed (min*) | 2000, 3000, 4000 | 2000, 3000, 4000
times 2 1
Feeding rate (mm/min) 360 200
Temperature Increase, constant
Cutting flud Non use
Cycle time (s) 60

Table 2.3 Cutting simulation test temperature conditions

No. Variation in the Initial temperature of the
reference temperature (°C) head stock (°C)
1 4.8 21.3
2 18 18

7% 2.3 12”9 No.l BELU2 OfERIT, ABRBALGR A H B, SRBRIE T Tt
SILNZNEIN 5°C LS, £1°CERLFMETHY, [F—DOBRBSRITHRNETE
il K ) RO BB 2 AT TODIEDD, SMVRIRD ERLOZEE) D EIZR
BLTCWDHEZEZBND.

2.5(a)0, BRETIEEE O E I/ NSV No.2 DSRMIZIWT, il A R
AT £2 pm E/DNESVEZ R T, ZOZEND, JMROFERIT 2.1 81 Tl ~_728912,
MESNIRIRZE N —HRZ, THIRSFE N T, RELTIN TR EZ /R 2805
.

LaaL, FAIXIZETS No. 1 1T U CREGRENZE(LT52E T, No.2 DfE AR
T, MEREAHEE N RELET DI MRS TEY, KERERRIRED
EE7RE, FERAEENO ST THEHINGG AL, LR KT 52
MRS ND.
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(b) Variation in C with temperature of the head stock

Fig. 2.5 Cutting simulation test results
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232 FHREBRORE & EBSETSHORER FRXDIRE

2.3.1 HTCIRA72IDNT, %G eT DI OB TE B IHEMECTHY, H AT B O
IR ZEACD BRI AR DBE T2 T 5 LIZN#E CTH D, £ZTARIETIE,
BEIR AR DEIR TG DR rT BN BRI FT BN ER ORI T oL L, ME D EL LN
ZIMSLAZB BT 225 A5, BARBITIE, F3 BRI vl B o B 24 Hidw
ATEREAEEL TOZRVARB TRIEL (AR, FREEGABREIES), BEAKIE n] BT oD 2L
BT MAZEH L2 MG 5.

DXL, B ATER OB TR OREIZBL T, MBS E &S FTEh
ThHHEHRO HEZBVESTEDHIENRN ARE T2, HM AT EhE O A 2% [ B
ETHIETTER. 22T, UL ETHLNIAEIE r] B O BVE T T JIE WV,
DA R A OB I FTENER DB T 84 75 L5 Z& T, MM T B oD 38
B XD Elh N EEREO B LA R DD, HDIVTRE R S rTEh 2 B 5 2 L
BT IR ETD.

R CIE, MR LT DR OEIR LKA, MERZIESEIRETHY
BEX 23 O B O EETHEIS TR THERFL, & 58001 B & =il A 9 [ R
DAL EARE U, R B L O sl AW I BEBE ORI E (1L, UIHIEEEER T AV
TEAER B I OB oS 2l L. ZoR, SRR ZHE 4 bS8, ThbR
BEWHFENRITTHELH LY CHEL. Lt LR R o —#1% X
2.6 TR, Fiz, EHEEROPIINRE, b NS EIREOE(LEFK 2.4 12T

2.6 (RTINS, i IR EREOZ I, [IRZED/NEW No.3 DFAFIZ
BNTH 7 um THY, X 2.4a) 27 IEHEERBRRE R E L CRIFRELL ETh
STz, Fie, [RIBEENOKEZ7: No.4 TiE, No.3 EREL B @ha R LT,
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Fig. 2.6 Results in the waiting test

Table 2.4 Temperature conditions of the waiting test

No Variation in the Initial temperature of the
" | reference temperature (°C) head stock(°C)
3 14 21.0
4 9.5 16.8

LU EDINT, BERIE R BN O R B LD B I 2R O BE TR B W CIER
(CREL, FOZEEG BREEIR L THMICE(L T 22 RSz, 2 2T
FERTENER DB TS T RIZUS W DIR LA E s D E D72 0 ek oR SR,

2 30 G ATOIREERIER RIS, SR HERIZIT DR Z O H BRI H
L7z, 2.5 ICRHERRERD 1 SfHI231T DFHBIRE O B R RO B2 7= 7.

2.5 TIE, MHBIRE DO K/INTNyF U 7 @E BT CRY, # IR 0.9
L EETRWEBE 27~ 3 P, AKX 0.7 BLE 0.9 Ao R B o AH B A = 3 & P,
0.7 R DOMHBEADIERNEITIZEALL THD. & 2.5 OFEEND, B UI-FHBERE
(X 2.2 1R T I~1V OWRERIERSFEROMBZ R L TERY, RRICBWTHIR
JEE 8 R S, M, MR, EOMS IS IO 4 DI 2o
IS NT AT NV —TDORER 1 SR, ZnaHWTEAEE THIRE
WETHZEELT.

WAZ, BERIE FTENER O BVETE T I =AU BIR BE I E SR AR E T 5720, 1t
Bk Rlc BT EH A B RO Z L, K OREZE O BEREEE L.
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ZOREREE 2.6 (TRT.

# 2.6 KV, B ATENERICE END FEIIZ RIS, NWEE, Zofhozih
ZIUTHHBREL 0.7 DL EERDEFIFAET HTEMND, Zib 3 EETOIREEbE
N THIE FTEN S OBV TE TR A IR E T HZ&E LTz,

RELTRERIE RIE, EFEoLOIZ 0.7 L EOMBIREERL, DX D%
ENEGREITELT, K22 187 1 1L IV Z&RLZ. Znb 3 AOREEE
2T, IR TR OB T T A LU T O— RS HEAEAELT-.

ACw:a]ATW+a2ATb+a3ATref (2.1)

ZIT, ACIIHEMIE ATEE O Tl AW FEBE O b &, AT, 13ER 1IZE
FBIMERROIRIE LAY, AT, 1 ZHE S BT D AW EEROIRELEA, A T il
TER IV ICBITAZREOREZEZ T, a (i =1~3)NXHEMO DR EIIDHE
BRERTHY, RS RS 2 B M RO 2 ke, 2.1)IZkIT5 4
Cuw EDZEN T/ NETRD IO, I N —FelEA VTR 2.7 DIDITRESND.

7 2.7 DEBREHRBIOXQ.DZ T, FgkatBs Lo £l AW RO 24
bZI a2l —al LTERERZ X 2.7 1IR3 [X 2.7 TR R o o> F= il A 4 ]
RO ZALZ AN L T/ Yy L TERY, B 5L 07 Yy MHIEE, Hik&ED
Tay i al—ial AR ThD.
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Table 2.5 Correlation coefficients with variation of each measurement temperature in

the waiting test

Mea;f;me”‘ spinde(1) | Other(1) | Spindle2) | Spindie(3) | Cil unit(1) | Other(2) | Other(3) | Other(@) | Spindie(4) | Spindie(5)
Spindle() 0971 | 0986 | 0985 | 09l | 0973 | 090 | 0915 | 090 | 0958
Other(1) 0973 | 097 | 090 | 0951 | 096 | 0903 | 093 | 0931
Spinde(2) 0984 | 0984 | 0980 | 0973 | 0906 | 093 | 0963
Spindle(3) 0984 | 0979 | 0973 | 0892 | 090 | 0980
Oil wnit(1) 091 | 097 | 090 | 097 | 0957
Other(2) 0960 | 0905 | 0964 | 0964
Other(3) 084 | 0973 | 0973
Other(4) 0808 | 0794
Spinde(4) 0.990
Spinde(5)

Mea;‘g;mem Oil unit(2) | Other(5) | Spindle(6) | Oil nit(3) | Spindie(7) | Other(6) | Ol | Spindie(8) | Spindie(9) | Other(7)

Spindle(1) 0.940 0.931 0.953 0.926 0.946 0.883 0.891 0.880 0.836 0.834
Other(1) 0.955 0.912 0.932 0.941 0.915 0.914 0.920 0.918 0.816 0.826
Spindle(2) 0.950 0.951 0.954 0.941 0.952 0.896 0.901 0.892 0.829 0.811
Spindle(3) 0.949 0.932 0.968 0.940 0.970 0.887 0.903 0.898 0.812 0.793
Oil unit(1) 0.938 0.934 0.941 0.946 0.946 0.916 0.914 0.903 0.837 0.824

Other(2) 0.943 0.949 0.943 0.957 0.956 0.923 0.921 0.911 0.819 0.794
Other(3) 0.990 0.934 0.970 0.973 0.966 0.919 0.948 0.937 0.735 0.728
Other(4) 0.800 0.860 0.778 0.844 0.784 0.878 0.827 0.819 0.949 0.959

Spindle(4) 0.959 0.928 0.987 0.935 0.997 0.830 0.891 0.884 0.717 0.678
Spindle(5) 0.961 0.911 0.996 0.925 0.987 0.840 0.883 0.875 0.712 0.671
Oil unit(2) 0.916 0.959 0.973 0.953 0.916 0.955 0.946 0.689 0.674

Other(5) 0905 | 0931 | 090 | o887 | o877 | 08 | 07%0 | 073%
Spindle(6) 0.951 0.985 0.823 0.870 0.861 0.692 0.655
Qil unit(3) 0.929 0.974 0.989 0.984 0.742 0.722
Spindle(7) 0.839 0.830 0.873 0.690 0.644
Other(6) 0981 | 0976 | o081 | o7e2
oil 094 | 0720 | 0716
Spindle(8) 0.718 0.711
Spinde(9) 0.944
Other(7)
Measwrement | Tod | g | Todl Tod T qinde(10)| other@) | RT. | other(10) | other(1y)

point post(1) post(2) post(3) post(4)
Spindle(1) 0.838 0.856 0.835 0.783 0.759 0.661 0.498 0.418 0.234 0.255
Other(1) 0.8% 0.834 0.854 0.775 0.772 0.656 0.49%5 0.3%4 0.203 0.239
Spindle(2) 0.852 0.885 0.837 0.822 0.751 0.622 0.452 0.370 0.206 0.206
Spindle(3) 0.822 0.862 0.833 0.794 0.714 0.5%8 0.409 0.355 0.399 0179
Oil unit(1) 0.787 0.836 0.79% 0.756 0.672 0613 0.421 0.399 0.219 0.220

Other(2) 0.775 0.853 0.785 0.776 0.646 0.576 0.361 0.335 0.178 0.154
Other(3) 0.854 0.863 0.826 0.818 0.736 0.521 0.341 0.278 0.033 0.083
Other(4) 0.722 0.704 0.671 0.592 0.601 0.828 0.631 0.604 0.531 0.488

Spindle(4) 0.803 0.890 0.829 0.842 0.705 0.467 0277 0.220 0.024 0.028
Spindle(5) 0.826 0.897 0.854 0.856 0.738 0.457 0.298 0.222 0.009 0.037

Qil wnit(2) 0.873 0.853 0.825 0.822 0.730 0.470 0.288 0.217 -0.042 0.020
Other(5) 0.808 0.928 0.741 0.871 0.682 0.548 0.328 0.213 0.150 0.055
Spindle(6) 0.836 0.901 0.869 0.867 0.759 0.446 0.303 0.211 -0.008 0.029
Oil unit(3) 0.759 0.816 0.733 0.760 0.611 0.507 0.250 0.241 0.025 0.034
Spindle(7) 0.789 0.899 0.816 0.855 0.689 0.426 0.231 0.167 0013 | -0027
Other(6) 0.737 0.718 0.640 0.643 0.520 0577 0.300 0.326 0.138 0133

Oil 0.767 0.737 0.693 0.682 0.565 0513 0.246 0.272 0.017 0.061

Spindle(8) 0.767 0.728 0.695 0.673 0.552 0.515 0.237 0.266 0.021 0.057
Spindle(9) 0.646 0.666 0.607 0.548 0.539 0.862 0.668 0.645 0.642 0.564

Other(7) 0.651 0571 0.607 0.454 0.568 0912 0.755 0.726 0.668 0.650
Tool post(1) 0.823 0.877 0.826 0.904 0551 0516 0.267 0.089 0.170
Other(8) 0.803 0.957 0.770 039 0270 0.055 0.028 -0.062
Tool post(2) 0.805 0.870 0.484 0478 0.269 0.078 0174
Tool post(3) 0.793 0292 0.209 0044 | -0094 | -0156
Tool post(4) 0512 0613 0.298 0.114 0.245
Spindle(10) 0.867 0.794 0.780 0.779
Other(9) 0.817 0.762 0.871
RT. 0.753 0916
Other(10) 0.861
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Table 2.6  Correlation coefficients of variation in relative distance with temperature

variation at each measurement point in the waiting test

Air oil Oilunit | Oilunit | Oil unit Other Other Other Other Other
@ 2 (©) (©0) @ (©) ©) ®
0.63 0.85 0.77 0.85 0.85 0.80 0.88 0.69 0.73 0.87
Other Other Other Other Other Other Spindle | Spindle | Spinde | Spindle
(6) U] ) ©) (10) (1D @ @] ©) ©)
0.84 0.68 0.76 0.63 0.65 0.66 0.86 0.75 0.79 0.79
Spindle Spindle Spindle Spindle Spindle Spindle | Tool post | Tool post | Tool post | Tool post
(©) (©) @) () (©)] 19 @ @ (©)] C)
0.80 0.80 0.79 0.85 0.78 0.66 0.75 0.70 0.66 0.61

Table 2.7 Coefficient of Eq. (2.1)

a; (um/°C)
a, a, as
-0.632 | -1.772 | 3.066

27T T IO, T Rab—rar iR EMER RN L —HLTEY, X2.)%
FHN TR IR AT DA O = dil N ) [ BERE O AN P RE T DT LD MR S LT

spindle and tool post 4C,, (um)

Variation of relative distance between

AN
o

=
o

o A N O DN A OO

1
(o)

-+-Measured result(No0.3)
—-+Measured result(No.4)
-o-Predicted result(No.3)
-Predicted result(No.4)

Fig. 2.7 Predicted results in waiting test
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233 HHAIEEHORERFAKXDRE

AT CIIHA rT BN OBV T A M9, 2.3.2 TH TR ~T2 &1, Bk aT
TER O HETES DT ENARATRE/RT=0, 22 CIRUIHIE B s, 2.3.2 10
THE L2 (Q2.1) % FW TR S 2 88k I w8 o> F- il 3 W ) BRBEZS (b oD 718
FERAE LUK ET, M rTEN O A LD Flh N Bt O 2 b2 i35, &
DI, bk R o Tah AW RO LI LT O Q2.2)JDITERT 2.

AC= AC,+ AG, 2.2)

ZIT, AC 3R T WO R b2 R L, A Cy (3B R BT
i MO (LE /T, RQR2)BLOKQ.DHEH, ACEFHLI-HE[X 2.8
(7. X 2.8()lo s T U HIFEE R RS S5, QD) TEESNZK 2.8(b)Ir
T AC, ZFELBIKZET, K 2.8(c)Rd AC, BMliEn 5.

ZDIDNTLTHELID ACy IZRL T, FHBEDIRE L DR EZ T 1y NUTZHE
RaX 2.9 1R T.

2.9 (R EIIT, B T B O il R EERE O 2 b A Cy 13X, FERE IR EE
AL ATy ERRIENER R ZEDERSND. 72721, X2.9 D No.4 |\ T XHIT, bk
RFIZE S TEDOHEEIIEAL TR, F72, ATy, BN—ERELL EE722 ERIEMER
Kbhivd. T, fhiisiniz AC 1%, DIHIBUE RS RO RIR LB Lo 8%
Ete ACy BELFIMDINTNDIEITHL, AT ICHRIBEENCI BN G TNDT-
D THHEEZDIND. 2T, Bt rJ B OZE T FRHIE, FibEoREZbo
HTIE7RL, ZROREHMOREZLEZBEL, L TFOINZHIBERELT.

ACy=b1 ATy + by ATrey (2.3)

ZIZTC, ATh 13FEEOMREZ AR L THY, MoOIRERNEREFRERIZ, & 2.5 O
FERBIOBENOREORSSH)HD, K 2.2 O I ORERIERRRZ WS, F7-
by (j = 1 ~2)IFEBHERTHY, filitSingz AC e RQRINCIDFBEHEDZEN /N
RHEHTER 2.8 DEBVENRIESNI.
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Fig. 2.8  Variation in relative distance
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KQ3)& AT, Btk rTENE O T I FIEEREDOZE L ACy 2332 —Tar L
FERAX 2.10 1R, X 2.10 TIIAHEHER T o 3= N Wy R R A 2 b2 B2t
L ORLTEY, BYOSLOT ay M3 |IESE, BRSO Ry bRy al —al i
BThHs. K 2.10 (RTINS, P2 —Tar i REAIER NI —&LTHDY,
(2.3)% VN THERRIE AT B oD Tl R 4 [ BERE O DL 23 rT B Ch D2 LA RS T

7=.

Table 2.8 Coefticients of Eq. (2.3)

by (um/°C)
b, b,
1.20 -0.99
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234 BERTAXICK D FARBROMHER & RUHIFHEBRA~DER

233 HETTIRELEAEE TRIRICHOWT, TR Z ERIITV, BT
PR DY M2 BT 5. BHEIM R A EL 40 mm, BS 70 mm O PRH| 6
C3604BD #4 &L, UIHIEIX 40 mm EL7-. BRBRIGEIEIIE, FAHRIRAER 10 Z REIGRIT7-1%
O 8 WML, YIHIBRAALY 5 0 ETITERIL C, 30 DR £ TIE 5 28I, £h
DIBEIE 10 ST EITHEE, RINLOU—2%2 4G U CTRUHIZIT o7, F7o, F20)HI%Z
TR WA I BT 7 0 7T 22 #0 IR O S kel 72, OIHIS 2R 2.9 (1
R

Table 2.9 Cutting condition

Rough processing Finishing
Spindle speed (min't) 2000, 3000, 4000 | 2000, 3000, 4000
Deph of cut (mm) 0.1 0.05
Feed rate (mm/min) 360 200
Cycle time () 60
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MTHOU—7ERE, HERET 1 HRELIZEIZ, 2FEE 0.15 um ThDd 2 ot
SPERNE R (Keyence 5 TM-3000) THITEZAT 72, 7235, MiEOMRIL, MEETT
DTYIHILIEY —27 0 TEORIEMNG, UIHIRHIHIE LR EZ b EE AV,
KQ22)POELNL THAEE &L ZLSIKCETHEGE T 5. 72720, AC I3FEE
THDHID, LIhIX 2 552 TERITHE L THROED.

FHhEIERE A 2000 min &L, KURZB)Z 2 )CLANE T HIEIREREE T CUIHIEER
ZFERLTZ. B 211 IZEDHNZEDIMTAEDOE N Z €T, F(2.2)KL0HELN LT
DOEALDO TR EAZR T, FMEZL M EEITo 725 A O TRZLO T HIEZ A
TENEIVURT. 723, IMEOUIHIRERAE RISV TE, I LROZE(bEEZ RS
HIUT, &7 ay M Toked e L.

211 XY, $ERTHEEN TR THIEZITH)ZLC, ElEHERE23 2000 min'!
DA TIFIN TREA D I K& e/ IMED 2= THAHMN TEZEALIEDS 5 um 75 3 um
[T D e MRS, D EEL TN THL D, b EDOFEEE B L)
AL EOIEER AT ENEN, fIEZITOZET 3.2 um 205 1.2 pm, 0.9 pm 75 0.7
um (KL CTRY, BVERTHIRERVWDZ LT, BB A IERECTRIL, MiEE1T
LM ARE THAZENERINTC. ZOMD G THIRREORE RSN THY,
BRI EIFIENE D CTHHZENHERS L.

4 -
~»—Measured results
-=-Predicted deformation (twice 4C)
’g_ 2 L -4 Predicted compensation results
Q
N
o)
g 0
A
£-2
c
=
B
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g
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Fig. 2.11  Continuous cutting result under constant room temperature

23



235 —HEFELEZESCHBREG~DER

AT ETIE, BRI I R B L T D5 N TR a2 iR LT, LanL
FRRZIE, TRAZWREORST TN LA T+ 5856 0 BESND. £2T, ZOK
WOWHE R 7fE 12 B EL T, —HHEIE 2 & 0REISME T COBERICK T 54
IERN R AR LT, BBSIFEL T, SBRBALAD D 60 4312 10 43, 180 43212 60
43T, 360 43 F41 20 43 RSS2 05 1 SECHRUIGIRBRE T 7. 72720, TlbEi
1% 2000 min™ &L, AR OKIRZ B =2 °)CLINET HIEIREREE T T
L7c. ZOREREK 212 1R T. 7ok, RO Ny F 73 3E L X E R,

2.12 X, SRERBAAG LY 240 53 OMERE%, BRSO TAITATT M~
RESELTEY, K211 12T, ITRZ M2, KE2)IvEHEND
TREREILZOBRITBREL TRY, MELZSE O LAZLIED T RIfFEIL,
212 1R T IS, TN 1L pm 25 6 um (AP L TRY, IR T8 EK T
HECAS, B D — IR 1 2 5 T SR I b i H FTRE D D LA HERR S T2

—e—Measured results
-=—Predicted deformation (twice 4C)
——Predicted compensation results

Variarion in diameter AD (um)

212 b

Fig. 2.12  Discontinuous cutting result under constant room temperature
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23.6 K[ELEHIRETADEH

WIZ, BREGRE D EH-3 28 T COUHIBBRAIT o7, BMSE 2.3.5 THEH
—Thd. FHIEIEAEIE 2000 min! LU, BRELIR IR 46 B AT E TR B 2B
H, FIGREDZEZE L3528 T, [IRD EA- 355484 T TRREITo 72,
213 SRR IF O KIR ML, X 2.13(b)ICRBR A AT TR
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(a)Temperature variation
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(b)Result of cutting test

Fig. 2.13 Results in the temperature increasing condition
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2.13 X, KIEN EH 228 T, INTARIFIED ST R~Z(bL, I TARZ iR
W45, ZoXH 7 i L, XQ2)EHWTHIEEZITO LT, INTAZ{LIEE
18 pm 775 8 um (TIPS HHLZENDND.

2.3.7 YEHIAFERRETA~DEH

AT ETIE, OIHNEZ O WS T TR T 7. UL, ERMEBE TS
ERIETE T AU GIE 2 L 72N TSk L CHOMIE TREIC T2 2N ENS.

ZIT, APEHECTRE LA T X%, SIHREEERL-SMci#E AL, #
ERNREOMERAZATY. IHISAEAE S 2.10 179, #EIBITIE, B 40 mm, £ 70
mm OHEHIED S45C #& vy, BIHIREIEL 40 mm &7°5.

AR CIIAE 2908, AEPESENm(E Y EBLEER T V7 72— /L EW) %1
L7z BIEIHIEX 2.14(2) B L OIUTRTEONE, FERFRITLED /A 2 7D, T
— 7O TLEBIOHNDELEBICEMET 2N —8IENE M HS i, £ NP
BOREE /AN TR~ HEND. 7o, S45C ZYIHIT 254, N TARZ%
BT E R DOBVE T LD BN A, T EEROEERNEENS. ZDD,
L EFHOTEE, 15 078U d2TEA LS T LICUIBITATEB D25
AT 5. Zhicky, TEEEOZELZIZ - TR A TUHILZ3ER ol LE
0, IEROBEIIZ LB TR TEAINNCL. 72721, TR B IZBLT
1%, GIHIBRAE D 10 4y ETIE 2 43T LICEUIEIEITY. EUEIEIT AR #1X
Y7 a7 2aak U OB Skl sUBRIERTIE 8 REfEIE L7,

G A 92 F2U0HIERER 1T, SRR H O KURZE B A3 2 cCLAN & 2 1HIR
B FCHEMLZ. ZOREE2X 2.15 (R, EEUHNCEIDIN THEDZELEA e T,
K2.2)EVELNLIN TROEND THIEZ@T, [FfELL LI IEEZ T o722l
—arifii ke AT
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Table 2.10  Cutting condition

Rough processing Finishing
Spindle speed (min™) 2000 2000
Deph of cut (mm) 2.0 1.0
Feed rate (mm/min) 360 200
Cycle time () 60

To movable cover
To cutting tool

VXMOV@ with
4 too] post

(a) Supplying cutting fluid to each nozzle (b) Discharging point of cutting fluid
Fig. 2.14 Schematic view of discharging cutting fluid.

20  —+Maesured results
-=-Predicted deformation (twice 4C)

16 | -4 Predicted compensation results

12

60 120 180 240 300 360 420 480
-4 Time (min)

Variation in diameter 4D (um)

Fig. 2.15 Diameter variations in continuous cutting tests with cutting fluid

2,15 1T Td91Z, KQR.2)EFH W TR I T EREE — 88T, MiEZ1752
ETM AL 6 pm 7°5 14 pm ([ZHE R U72. 24U, YIBIREIZEIHIM 2+ 3
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HZEITRY, SRS OIEh O EE S e B S, YIHIMZ Wi T BV T
TR TR E LT B HIAR A RER 36 L ORI T SR YIHIDIN T & 3R #E O 1R L
TACRBE TGN IR -T2 DI, FIERN RGO -T2 LB B NS.

24 REGRBIZKAUHEHIBERBEORERMEIESE
241 REFRBOEABIVRE

2.3.7 HIRLIZIDNT, BT 0, SIHTZ 60 L7 W SRR L TRV T
A RSTHIL, #IEDMTAZ. UL, BIHIMA W4 T T, VBB IE
M TPHITEY, RAFZRAIERN RS20 o7z, YIHHIZ W T, Moo TAE
BEMIZ W TEVE TR B2 E T 2SO ) S R ol iz 0
T, SIHEHA 20 T T, UIHIMZ Ny R FEICH 52 Z7ICird TRY, %
U N TIREIATM MR ER L TWD720, Xy R TS, A 13 HTh O
EIEAIZRBEISNSEEZOND. GIHHIIHEHIM Zm AL, BIHIBMC 200 T s
EOBIE TG 2 MHIL Td—J7, GO I XA VAN L T EF-LTLED.
ZDIZ, TOEEEZ TN FTEL N BITIRE AL, B4 TAECDE
ISR Z IR WG & LRI T izb 85 2 D,

ZZTAIATIE, 2.3 HiCRELIAE T HICKL, UIERHZ 6 42550 T
1T -T2 FZUIHIERBRAE R & T HIRE R L — B DI T IO A T IR B & 6
ATHZETHRINT DT EEMFTT 5. WIEREZ A LB T A LU IR
ER

ACy=erXa1 ATv+exXax ATy + e3Xaz ATy (2.4)
ACr=esXb1 ATy + e3X by ATy (2.5)

ZIT, e (k= 1~)IRERETHY, XQRAHBILVQRSEHN=KXQ2.2)I1CEST
RIS T HNEDS, BIEThZ W2 SZEIRIEREBR 61 2 32 HME L — B 5 2o 3k
WIEE N ZRIEIC LS TEDEPRESND. TOEEZR 2.11 IT7RT. ZOXHTHR
E LBV TE T % T, DS BT 2 72 2 ETHIRRER ~ D 2 2 PR fife
REAT.
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Table 2.11 Calibration coefficients

€ P €3 €y
173 0.40 0.19 153

242 T Zal—L3rIt&kBEE

ARIETIE, 2.4.1 HTHREUIARIEREBABVETE TRIAUSE AL, FEOIHIEERE
R L ClEATHIET, MBI TG G0 RE 2L —a THRFTT 5.

2.3.7 TEFERRIZ, GIHIHZ W= ZOHIEER 2 EEL, Q2.4)BLOHXQ2.5%H
WO TAREEEZTHIL, MEHREI I —ar TR ZOREEK
216 IR, 72k, &7y NI 2.15 LF—ThHs.

2.16 £V, R EMREEEALZRQ.2)EHWTHIEEZ{TOZET, I LERZLIE
Z 7 um 5 3 pm [T SEAFHTEN DD,
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Fig. 2.16  Diameter variations in continuous cutting tests with cutting fluid

RIZ, 2.3.5 HEFRRID, —IRpfe (25 o 5eF  CUIHImA W CERUIAIEBR 21T
VY, B TR O Y 2R T 5. BRERGE ROFIA X 2.17 1ITRT. ¥ 2.17 12
RTIONG, —RHEIEEZE TR T T, RAFCHIEZATOZ LD RS,

ST, KURZBA & Lo T CRUAIZIT 72356 O AR 42X 2.18 1R
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9. B4 2.18(a) | LFRBRIRF O BREEIR AL OHIE RS F, 4 2.18(b) 3N LAZA b s D IRFfRI 22
£ THD. K 2.18b)WIRT IS, —RHEIEEE Z, D OKIRN EH T4 FT
b, BAFICHITEZITO 2D RS L.
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Fig. 2.17 Diameter variations in continuous cutting tests with cutting fluid
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Fig. 2.18 Diameter variations in continuous cutting tests with cutting fluid under

temperature increasing condition

2.5 EYIHIGERIC & SH&ET

AKEITH, 2.4.1 HETITRE LB TE THIZAE XD CNC gz AT LEL
THLAGA R, I THIZEHAIL IR E B b2 DO TR b E 1 YAV LI T
HIL, T 7aZ I A ANONBEIRSICRH L TEF 7 By ML TELSIKZETHIELXTT
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WD EYIHIERBRZ1TH. 22Tl 2.4.2 THEFERIZ, 2 2.11 O L5004 T
i 2 OEREE T CUIHIMZ AW EZEIHIERBR AT, fEZN R AR T 2.

7k, REITIE 242 HERARY, FEREIIH EZROIN TRETHD. DI=d),
HIERTON TAZARIE, fIEICHW TR &AL, SR TRIZ 2L
BENE T 22 THRLNDFHREME THS.
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(b)Diameter variation
Fig. 2.19 Diameter variations in continuous cutting tests with cutting fluid under

constant temperature condition
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21912, THIRERSE T CIME L 7o —IRpfss IRBBRAS A m 37, X 2.19(a)l Lk BRIy
DB OWPERESR, X 2.19b) TN TARZEALEORHIZL THS. X 2.19(b)IZ
BT, FHETHLMIERON TLAZ Lo, THIEREZR, HEETHOM
IERTOMTAZ b E ATRT. X 21900 RTINS, MEEITHIZET, IMTARE
BRI 7 pm 225 4 pm (IR CTIRY, BAFRMIESTRZ DI EN MBI

4 -
36 -
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(b)Diameter variation
Fig. 2.20 Diameter variations in continuous cutting tests with cutting fluid under

temperature increasing condition
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WA, BREDRE S LR A8 T2 W CEEEBRAZITV, MiEZ e L
7o, ZTOREREK 220 1277, K 2.20(a) X5 B oo BR R IR E 0 By &1L,
2.2000) TN TERZALORMZELTHD. Fiz, K7 vy VR IEIEX 2.19 LFRICT
H5.

220(b)WRT XIS, BREEIREEN EH-T 254 TIZRBWT, I LAZbiEIXH
IERT, MEZEBIZ 5 um FRETHY, MERITMB CEln -7, 2T, 9 °Cfe
JEDRERBEBERE OB L T, RRBREGMITRBIT A ERL oI TRZ(LIE
TN ThoTolzd THHEEZBND. 2721, I TAZALEO N fE 3 L OWE %
WAECEBTHL, MiE2RBIRH28TENEIN 2.4 um 25 1.1 pm, 1.3 um 75 0.7
um (AL THRY, #fEDENELN TODLIENfERESND.

fEVN T, 2.3.1 TR AR TE T OREBFRIZIB N T, MBRSIFICEH ENT
WRWERBEIREE DS T 3250 T CEUIFEBRZITV, MEREMR T 2. 3R
FE R 221 1T, ¥ 221 ()35 BR R OREIRE D2 AL, X 2.21(b)i3N TR%
{LEOFFMZETHD. Fo, £H7 vy MIK 2.20 LEEKTHS.

221N T RIIZ, BERE DS N 250 T2 W T, INLARZAL &I
IEZATHZET 16 pum 705 12 um FREICHIRI SO Z L0 RS L. L EED, K&
TRETLIALE THIRL, HESNOKREIREORE T2 5 TofE 2 OFM T3l
THEHFIRE THHEZ 2D,
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Fig. 2.21 Diameter variations in continuous cutting tests with cutting fluid under

temperature decreasing condition
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26 fEE

ARETIE, TERICH AR TUN LS e A X 51T, 1RET DB T % H
WA IEZITHZE T, EEOKM: T M LARZALIEZIEH T2 ENTREH 5%
fEsd L.

HRETDHERIT, BURNETTLHILEBEL, TORESY LRTLHIETHES
AV A T T L E LI T2 b Z R T25, £SO TIIN TAEZL
DM T D720, HERDFEME L REROH IEFIEEGH 352813 TER0 7.

Z DX B R B E TS D720, B IR OB & W EhER, JE A8
HENZNOEEDOT THLHEL T, UIHIEERRR B LORHERBR CHRL LR R
EHWT, ZNOORBEEBNIHIH T 528 T, B PRIXEZRETHIENT
Sy

ERETHRLNIZAETE TRIE W EA21TH 28T, GIHTmE e SE8H
RERIZHTL, B iiERE RS DZ LN TED, UIHIME AW EZEHIRER ICE
W, MEAETNATIZEN TE e o7z,

ZZC, UIHIEHEER THEON BV T RIS L, SIHIMA V72 32801
G R TS LD T RIS R E D2 E T DR ERBAE T AT H2LT, Uil
Z O S OIHIFRBRI BV T T A A ATREE L. 2z kv, Bilma -
FETHIFBRIZ BT RAFRM EZN R A S D20 ERE T, BVER TR IE
RBOFMWEEY 2 H2LT, UIHIHEE R OR Bl & TR G352 LM Al hE
Aoyl

36



BIE EERHERICKIDLVIRIEEGISERTRERIEFRBDIRE

3.1 #E

2 T CIRATZINT, BIRELE S BRI/ EAE T, ERIT TR BVE T 26 8
ERT. ZOXRBEMERBVE T BT, 2 BECIIT VAR AT R AR IR AT
BN N0 B LD DO L L TYI /3T TROZE TEVER TR A R EL 7.
DN BT T E O CTHIIEZATo28C, BIHIMAE R LW T TIER
GFRAHIERN R AR D LD TETZAS, BIHNNZ 25600 T ClI R AR Ml E 0
EIGHILNTERNoT.

ZITC, BE TR ER B A E AT 5L T, RBREE T Ch#H TRE/ R 2
BT RERELT. ZOIDNTRESNIZAETE THE W, fiEEZITVR D5
BT T CUIHIREBRE £ 9528 T, TOMIESREHER L. LrL, LLED
JETI, BIEIREE A OF IS0 TR IR Z YV 2 2 BB R B D.

i SRR TRV 2 217956, A TR A KA IES AT BT
BWTIKR ERBZ UV 2 DREREZ R T DM NS D, ZDT8, VTN =7 H3 4k
bF2ZETIA T, MLGMEEE T LB IER A DIV 2 A58 EDY
AT EAECSESD. TOT0, GIEEEH OF 7 & OB A & icks 7, B
—ORIEARE THIEREECTHDHIENE L. F72, 2 B CTHWRBR IR 5
FZIRE L THY, OGSO F R0 5% S MO RS 143 Tidzu.

BT T N DPLRIIC T 5720121, BRx 23RS loxiL, D3k
DRAAVLTRIRND, ERSRIFIC LD 2 2 B L LR IEAR B Z D E 5 D
Endo. o, FRROBRZEE TRIZL, @HAMEESIEREM T2 W, 20
FHIE DR DMRFES DT ENEEL.

ZITARETIE, 2 EEF— DR ExGEL, 2 B TRELZALE THIXOXTE
I, ERFENEEFIH T 58T, D HO FEOIHIERERN D, GIHT o6
MO RIS T, FBESNIZ BRI ATREZ R EAR S AR E T 27152
5. Fio, /O EREE T BV T 3% A CEBIAIRREBR I L
THIEZITV, RROF I MEEMHERT 5.
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32 REGRBORERE

%5 &35 CNC BT W T, 2.5 Hi & [FAERD NC 2 AT AWNITHAAIAATE
BEWEMET D AT LB HANT, 1 A 7 VT LI T EMLEORIEZITUR
O FEGIHEERZ I 5. AL THRXOXBIZL TR THREHWS. 2ok,
UTFTORIE, 2ETHRE LX), (23), 22 EEAMICFI L TH S,

ACy=e1 X aidT,+ ex X ;AT + e3 X az AT (3.1)
AC, = es x b1 AT, + e3 X boATer 3.2)
AC=A4C,,+ AC, (3.3)

ZZT, ATy, AT, ATyBIOAT X, TN 3.1(X 2.2 OFE)IRT
EBVMEL =y M, NEEEE, SRR X OFEEE — 2 (T DOiREE
fLETHY, 28 L[FA—Th 5.

BN

Rear side
S

MH eadstVO»
pakt ‘a“\‘\c.
\’W%n'\t

|. Hydraulic
part

(a) 3D model (left) (b) 3D model (right)
Fig. 3.1 Schematic views of XC-100.

ACH B X AC ITZ I E I rTENERF K OBEAIE v EhE O 5228 L 2 Ffh A
YIRIFEEEOBER & TH Y, RBI)TRITINHLOMBHEIZL > THOLND E
fil Y EEE C OBVERIC L DB LEAC Lin .

X(3.1), GOTBNT, EBRTE a;(i=1~3), b (=1~2)DfEIE, 2.3 HiTib~
7= KD NT, BEMR PTEDES, FEMRIE FTELEZ LRI OWT, UIHIEEER RS
K OFHERBRIZ 31T 2 El N EEEE D 2L & OBERA HIE LTz,
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er (=1~x, 2.4 HiTHR~T- &0, CIHIFEEGER CTIXBE TS RV EIHIH
i ORI DN T, BB TR ORE RS, GIHTM 2 T M L 7= FEEIHIRER
DFEHRE =BT 2 L ITRE LTERERBETH 5. £ 3.1 12,2 ETRE L a;,
bj, ex DE/RT . 7ok, 2.3 i CWRE L7, YIHIZ AW WIS OB T-HI1=
ThHAQRDHBLOQRNIIREFRE et T E L7200, T 2 TlEE 3.1 D(c)
T L9101, RCDBLUOG2)DOKIEZE K eax 1 & LTHD.

VI EDFRIAXZ AWM IE S EOEMIC LY, RIEREEYIVEZD Z LT,
GIHRBEE H OB ENFT ORI TITBW TS, MIERTNS TN LARZ IR
IE 1T 10 pm FRELITHHI SN D Z & A 2.5 Fi TR L 7-.

Table 3.1 Coefficients of the thermal prediction equations using the different calibration

coefficients with or without cutting fluid.

(a) Experimental coefficients of Eq. (3.1) (b) Experimental coefficients of Eq. (3.2)
Coefficient a; a, a; Coefficient b, b,
Value [umV'C]| -0632 | -1.772 | 3.066 Vaue [uV'C]| 1.2 -0.99

(c) Calibration coefficients determined in section 2.5

Cutting fluid e, e, €3 e,
No use 1 1 1 1
Use 1.73 0.40 0.19 1.53

ARFETIE, RE LTCRBRARMFIT U CRERE B2 WD T % L7 alBRE
(e, RUIHIERR 2 IR O A B T CTHRM L, o+ ~Tx
M5 Z & T, UIENME N OAEC L O RIED FTEE & 72 DI ERE 2 RET
52 EERETTD.

33 FEERHEZICLIHBREHDRE

T AR D FEBIRRESC L T 2 82 5 2 22K & LT, Efhal s OB BTl B
DEALBF R ENRDH T BND. 2 BETRELIZFETIE, TR ERZHE 4« Z{bS
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HEEORMT TRBRATY, Tai W RIEEEZNE L. 72720, Zhbo St
DOFAETILRBRAVCREL THY, SBRECRIRR E O S PRI AT S TR0,
RO T TRERAIT 21X, KV IREIPHZR S0 H rTRE e BV T T A5 <
ZENFHRETH DD, BBREFEUIIEC CaAMNCIFRIZRE B HINT 5. FRZT—7 D%E
(oA B2 U IR 2, 2RI FE N T~ 52 &IEA S T,

Z T, RECIRFEDHEERZ 5, BB oA bE AR RS
WET D7D O JEL L CHEBRGHEEE A5, ERREHEAL, eSSBS
DALGEND, WEIZRFE R E G D20 DO LNERi G 2R ET 2 HIETHY,
a2 B CRIHES TV D, TEEIZ W TE~ A7 n = ROV L3 K i

SIZKNETHBEDOFTAMIRL, SERIRFO T ¥ XV 7 FAN BT 5N LA O R
REITBWT, RS2 ET DI AL FHINFET DY,

AT, G D~@)WNTRLIZBETE TRAD B L OEBRER a;, b ITUIH
BRI C L > T TIIRES N CNDHEL T, EBRFHEIE TR E LI- EUHI R %
FhiT 22T, ZHETHIHNMOFZEI T DMIEIC W TSR I e %, B
HIIH A FH DA L2330 B3 TR R 7 S R 1o AT Bl e L TR E T 5.

FERFHENE T, fERICREL KFTHREZRE -, RFOREZKAELLD, #
B S E E L CE RO KED AT EZ R ETH. RFm X TIER &L T, 2 =
ALK, MR L EHEEREICE B 975, 72720, F8EEEIN TRICEk->T
EELIEND, MLAEZKNFET 5. SHIZ, HHIMCM LR OENT — 27001 L
ZAEL, M LRIETM Lo LA KR FELTMZAZET, 7EkEDBEEMIC
RGN A TR E T DL ATREL 725,

UL EDIDHTE LT, AGaSIZB T HRF THLINLE, ILES, LR, &
LA DZENZIUTK L THEEOKELTREL, L9 B Z A Tl S 2k
5. L9 EHAARIE, 3 KEOERNZHRK 4 SOETHRETESD. ML T
REDfEZ, I LEEIE 1 A7 VRO Loz, I TR S 3 dha] x5 )
DM THFH THD. ZNHLDOERFIZXL, & 32 IR TIDNCENEI 3 DDKUE
T 5. EUHEABRTIL, FERORFBIUKEIZLIZD > Tl La Ty, £0
%21 BlOMH: EIFINTAE479528T 1 A7 O T.ELT.



Table 3.2 Factors and levels for the cutting test.

Factor Level
1 2 3
[1] | Diameter [mm] 50 35 20
[2] Length [mm] 10 30 50
[3] Times 1 4 5
[4] Temperature | Increase | Constant | Decrease

IREZAIZOWT, BREGRED BRI 5504 TlE, ARBRBIAGATE T 20 °C, BB
bEtR 0 3 BRI EClE 25 °C, ZHULARRIE 30 °CIZ, THIR SR CIERERBAtART DR
BRAS T ETHEF 20 °CLZ, BREGIEDNE T 955 TILRBRBAAARETE T 30 °C, 7ABR
BRAEZ DD 3 RFHETIL 25 °C, ZALLAREIT 20 °CIZZE 2L E DR ER E 2 A E LT

REAZFREL. 2B, WThogat, ERBHGD 8 KEMLL LRI DA FH4E
pfd’@béﬂ*, RBRBHAART O EIRE 2R L7, F7, IR R ICIZHmIRE O B
Y2 AR T, BREEIEE O L F R ICIRERERES, M T RIS RS AE
TNEIUERLT-.

BRI NI 2.3.5 THERIRRIS, —fRAVRIGE O AR ZA8EL T 8 Iffije L7z,
72720, BRI R IR SRR S I AN T IR 2 M e L 2R B (O FFfE &,
RERBHAATZ 1 FERC 10 43R, 3 RFEC 60 42, 5 IR 20 /rRRE L. 723,

ZEIRAEE OIR LR T, PBRBALATE 3 FF D ILEAZ 1L IZH o THEE L.

BEAETHIE LT BREEE O ZK 3.2 177, X 3.2(a), (IR T LIS, Kk
A, KIREE 2N ZEILOSMT 10 CCREE DIREZ LAY, ¥ 3.2 T KOIZIE
MM T RAREEDNHERR SN, 2B, VT OLM THRBERED LB £
2 CCREEATTWDDY, ZIVDITAEFHEEE ASHIAE I, Z <R TOFE &A% 1128
WETERNWZDTHD. o, EIROBRRFEEEOREICLD, K 3.2(a) 07 R 15
#%h 3 FEf % ETOINC, ZEREANOKIRIZL > U ZEFREE S EET, BREE
BEDOEEBNT IR ERDGERHD. LnL, ZNHOEEIMNAG.DHBLOB.2)IZ
RUTE TAEHR O 2 B OIRE AL A T\ 2 RIE T HBITD T Th 5.
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Fig. 3.2 Examples of temperature variation results.
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72, UIHRMOM X, 2 HEFERRIC, O 2@m0EL, RimSCTIER 7L THY
W7, 72720, L9 BARRLVILESID 9 DO OWTIE, YIHI i
DO BEG S T CENENEYIHIRERZ F 952 T, GIHIMA 2 EOBERIC
FAE T RBEMeBT5. UIHIMZ M 3203 o Z0HIEBR IC B Ch, GIHTH
(XA —&L, M 7B & 2.3.1 THER—Th 5.

EARZRICLIEN ST, & 32 [T R RIS oK EZEAZRICEVIR- T
FRBRS: LI~L9 23 3.3 (7. ZHORBRO FhEREF L0, YIEheE H oA 5%
(2 OLTHRIANGME Tl T&, TN ETICIRBLUIMIE FIEE RIS, ik
DI TAEZETEZ 10 pm F2EELL NI 352 8% AR LT 0BT T I Ua g

Table 3.3 Conditions for the cutting test.

Test Number Diameter Length Times Temperature
[mm] [mm]
L1 50 10 1 Increase
L2 50 30 4 Constant
L3 50 50 5 Decrease
L4 35 10 4 Decrease
L5 35 30 5 Increase
L6 35 50 1 Constant
L7 20 10 5 Constant
L8 20 30 1 Decrease
L9 20 50 4 Increase

34 RIEBRBORTE

SIHIH AL ] DA B2 H D05 758 H AT IER D EZ R E T 572012, &
3.3 (R EBRFHEE TR E LT L1~L9 OEUIHIEERE, 1N oA i 5
DEMFTEBLZ. N LEMEFE 3.4 (TRT. U—21%, GIEIRZME L iR
Tl C3604BD A SR A, GIAIMZAE H 3 2505k Tl S45C MA4E AL, Nk
DYLENAIE, R 34 IR T I — I OMET LI ELT.



Table 3.4 Common cutting conditions.

i Depth of cut (mm) | Cutting speed (mymin) | Feed rate (mnvmin)
cutting Material | Rough Rough Rough
fluid "N 1 Finishing P 1 Finishing P 1 Finishing
processing processing processing
Nonuse| $45C 0.2 0.1 150 250 03 01
Use [C3604BD 2.0 0.5

7k, LRI ELIZ, UIHIEE S HEEBRE CACLALTE O 2
DHEFH T2 8% HIIZ, 3B ClTEkeL CTUIHIZATo 0 Tz, #I—8{EH
DU —2 % FITEIHIREE R C F b el Es s JONED &4 W B (E 2 S80I o [H
(ZE B T o7, ZOEEUIEIEIE A L2 WA 4 8], BIHTHE AW S85A 1
14 [BlEL7z. ZORBEOZEL, YIHIMEA G 32308 i, SIHlmafE L7 akEh
IZRIL T E B L O LR 0 ZENS T EIZKH 29181 AR A RE W=D, LV
THERENELRT L, TOREEDIRT 220 ThHD. 7ok, GIHIMAEH O A
BT, EROBERIC TR —I B3 gLV dD, FI—BEROT—2
B, B ~HEICRL 1 mm /a7,

FREBRIERIL 2 EEFIUL 8 BEREIEL, BEEOBIFEAL, HE 2= NSBEEIL TH
5 10 RIS A B LTZ. V—2OUIHIRTOERE, FRosin L KoMt B
INTACE TR 33 NTR T TARLRDIOITHE L. OIHI%OY —27 DI LA,
fEEET 1| BREL-RISCHENESR TRIELE. LEORBR CTHOWDT —27 0k
BT, INTA:AE, I TARORE FIEIARE LR —ThHD. 7%, FEHMEEL TH
DI TARZEACIIIN TR OU — I OEROEALTHY, i 67 ¥ Mo 2
L AC D2 1EDEERD.

RIEFRER e (k =1~4)DfEIE, XGB.1D)~3.3)E0 S5 Ll N R EEEEO 281k A
C7hy, FEOHERIC L > TIRON I TARZE ORI EEE —B T 2I0IC =2 —F
EEHWTIRIEL.. GO EREAER 3.5 (TRT. 728, (3.1), 3.2)D3EER
EH a; (i =1~3), b; (j =1~2)ITITFE 3.1 D%, IBEEIVE AT, AT, AT, AT
I%, L1~L9 OFEGHIFER COREEE FVe. H#=a—NARICI AR ERI O
ERFICIE, GIHNRE O FEZNENOHE TEMBLZ, 18 KT X TOHEYIHI
RER T O EEZ [FIRH T Az,



Table 3.5 Calibration coefficients.

€1 €, €3 €4
1.55 0.62 0.29 1.46

# 3.5 DIEE AT, REINCED M LAZLOFH R L FHME ORI AR
BRERITEZ LIROTRERZR 3.6 (TRT. & 3.6 (RT IS, BRI T
0.85 LLLHRHY R\ MEZ /R LT,

Table 3.6 Correlation coefficients between the diameter variations of measured and

predicted.
Cuttin flLid Test number
g fiul L1l 2|3l alus|e| L7 | Ls| Lo
NOL Use 0.89 | 0.98 | 0.98 | 0.98 | 0.45 | 0.92 | 0.88 | 0.99 | 0.78
Use 0.83 | 0.83 | 092 | 0.97 | 0.77 | 0.62 | 0.71 | 0.9 | 0.91

KB EDFERE OIS FOFIZX] 3.3, 3.4, 3.512~7. X 3.3(a), (b)ILAIE
 ERSET7Z L1, K3.4(a), (b)IXIERELZ L6, XK 3.5(a), (b)iTXIREAR FSHE7- L8
DEMETORRETHD. 723, K 3.3(a), 3.4(a), 3.5()3UIHIHZH A LZ2WEGA,
3.3(b), 3.4(b), 3.5(b)AEIHIMAEHLIZGAE THD. FRICBITL2ABIONL, £
NZNINTERZEOEMMEBIORNGI)NCEDFHEE RERL TS, ZELL
T, FERESNTIN TREZENSRGINCEDI TR LD FHlFEREZELG WK
DIz, WEAIToT G ELTIN TRE A AK€ TR
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(b) L1 results (with cutting fluid)
Fig. 3.3 Examples of the test results of L1 shown in Table 3.4 with calibration

coefficients shown in Table 3.6.
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(b) L6 results (with cutting fluid)
Fig. 3.4 Examples of the test results of L6 shown in Table 3.4 with calibration

coefficients shown in Table 3.6.
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(b) L8 results (with cutting fluid)
Fig. 3.5 Examples of the test results of L8 shown in Table 3.4 with calibration

coefficients shown in Table 3.6.
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Fig. 3.6 Results in temperature variation measured at point IV in Fig. 2.2 (¢).
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Table 3.7 Results of the cutting test.

(a) Results without cutting fluid

Vaiaionin diameter Average in diameter verigtion Standard deviationin
(Max-Min) [um] [um] diameter variation [um]
No. Without With Without With Without With
compensation | compensation | compensation | compensation | compensation | compensation
(Measured) | (Predicted) | (Measured) | (Predicted) | (Measured) | (Predicted)

L1 114 7.3 3.7 1.0 21 0.8
L2 10.6 4.1 4.9 1.9 2.5 1.0
L3 18.6 6.1 8.8 17 6.7 0.9
L4 21.9 9.0 10.8 23 6.8 13
L5 10.7 10.6 27 21 2.0 1.3
L6 10.9 4.9 1.6 1.9 16 1.0
L7 12.1 4.8 2.0 15 2.0 0.9
L8 18.8 54 5.9 1.7 2.9 0.9
L9 11.6 85 3.9 1.7 25 1.2
Average 14.1 6.7 4.9 1.8 3.2 1.0

(b) Results with cutting fluid

Vaiaionin diameter Average in diameter variation Standard deviationin
(Max-Min) [um] [um] diameter variation [um]
No. Without With Without With Without With
compensati on | compensati on | compensation | compensation | compensation | compensation
(Measured) | (Predicted) | (Measured) | (Predicted) | (Measured) | (Predicted)

L1 9.5 5.6 2.7 1.3 1.6 0.9
L2 114 6.0 0.1 0.0 0.6 0.2
L3 18.5 8.4 5.6 4.0 3.9 1.8
L4 20.0 9.9 85 22 6.7 2.0
L5 6.8 45 24 1.0 1.3 0.7
L6 125 8.6 2.1 23 2.0 17
L7 10.2 6.4 25 3.1 1.8 15
L8 19.0 8.6 4.2 29 27 13
L9 9.1 39 5.3 0.9 23 0.6
Average 13.0 6.9 3.7 2.0 2.5 12
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Fig. 3.7 Examples of the test result (L3 without cutting fluid).
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Table 3.8 Test conditions of the compensation simulation

No. | Diameter [mm] | Length [mm] | Times | Temperature | Cutting fluid
1 10 40 2 Increase No use
2 25 40 2 Increase Use

RStk D EOIHIEER I 1T 2 TRZE (L&D EWIEZ X 3.8(a), 3.9()|ZAT
YL ek, BER RIS KD HIEITIT o TRy, S ERIEEICES L CYIEI
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Fig. 3.8 Results of No.l shown in Table 9 without cutting fluid.
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Fig. 3.9 Results of No.2 shown in Table 9 with cutting fluid.
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Table 3.9 Results of the cutting test.

(8 Results without cutting fluid

Variationin diameter Average in diameter variation Standard deviationin
(Max-Min) [um] [um] diameter variation [um]
No. Without With Without With Without With
compensation | compensati on | compensation | compensation | compensation | compensation
(Measured) | (Predicted) | (Measured) | (Predicted) | (Measured) | (Predicted)

L1 114 11.2 0.7 11 17 24
L2 10.6 5.2 0.4 0.1 15 0.5
L3 27.4 15.9 0.5 0.5 2.7 2.3
L4 21.9 18.8 16 1.0 4.7 3.3
L5 10.7 105 0.2 0.6 1.0 2.0
L6 10.9 8.8 0.2 0.5 0.9 14
L7 12.1 8.2 0.3 0.5 1.1 14
L8 18.8 22.3 12 24 2.8 5.8
L9 116 8.8 04 05 15 15
Average 15.0 12.2 0.6 0.8 2.0 2.3

(b) Results without cutting fluid

Variaionin diameter Average in diameter verigion Standard deviaionin
(Max-Min) [um] [um] diameter variation [um]
No. Without With Without With Without With
compensation | compensation | compensation | compensation | compensation | compensation
(Measured) | (Predicted) | (Measured) | (Predicted) | (Measured) | (Predicted)

L1 95 7.2 0.2 0.1 0.8 05
L2 114 5.7 0.1 0.0 0.6 0.2
L3 185 9.7 0.1 0.1 0.9 0.7
L4 20.0 11.3 0.4 0.1 2.4 0.7
L5 6.8 7.7 0.1 0.1 0.5 04
L6 125 7.8 0.1 0.1 0.6 05
L7 10.2 6.9 0.1 0.2 0.7 0.9
L8 19.0 9.0 0.3 0.2 1.3 1.0
L9 9.1 5.8 0.2 0.0 11 0.2
Average 13.0 7.9 0.2 0.1 1.0 0.6
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(a) Comparison of temperature variation (b) Calculation of similarity

Fig. 4.1 Resemblance calculation of temperature measurement points
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Table 4.1 Factors and Levels

Level
Factor 1 5 3
[1] | Diameter (mm) 50 35 20
[2] | Length (mm) 10 30 50
[3 Times 1 4 5
[4] | Temperature | Increase | Constant | Decrease

Table 4.2 List of test conditions assigned to the L9 orthogonal table

Test Number Diameter Length Times Temperature
(mm) (mm)
L1 50 10 1 Increase
L2 50 30 4 Constant
L3 50 5 Decrease
L4 35 10 4 Decrease
L5 35 30 5 Increase
L6 35 50 1 Constant
L7 20 10 5 Constant
L8 20 30 1 Decrease
L9 20 50 4 Increase

Table 4.3 Cutting conditions

Cutting fluid | Depth of cut (mm) | Cutting speed (m/min) | Feed rate (mm/min)
RO | iieing | RN | Erigring | R | Brishing
processing processing processing
Non use 02 0.1 150 250 03 01
Use 20 05
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Table 4.4 Specifications of CNC lathe XT-6

Height oh the center from floor (mm) 950
Head stock
Max. spindle speed (min™) 4,500
Max. stroke of X axis (mm) 0
Tool post -
Max. stroke of Z axis (mm) 280
Mot Power of spindie motor (kW) AC 7.5/5.5
or
Power of hydraulic motor (kW) ACO0.75
Weight (kg) 2,300
Size : lengthxwidthxheight (mm) 1,360%1,370x1,700
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(a) Overall view

(b) Diagram (front) (c) Diagram (back)
Zaxis X axis
servo motor Sservo motor

\

Ball screw
N

T

Bed

Eﬂm_

4Feed

I} % T Ball nut
z
) I_'—
\
, Cutting tool
|

ngth :

229

|
L 200 .

(d) Movable parts overview chart

Fig. 4.2 Overall view of XT-6

Table 4.5 List of temperature measurement points

Ch1| Chuck side of head stock [Ch 12 Left front side of inside bed

Ch2| Cylinder side of head stock |Ch 13 Spindle motor

Ch3 Chucking cylinder Ch 14| Front side of bed under head stock base
Ch4 Front side of head stock |Ch 15 X axix ball screw

Ch5 Rear side of head stock |Ch 16 Hydraulic unit

Ch 6 | Bed under Z axix servo motor | Ch 17 Bed under headstock

Ch7 Z axix servo motor Ch18 Room temperature

Ch8 Left front side of bed Ch19 Outdoor temperature

Ch9 Left rear side of bed Ch 20 Housing of turet

Ch10 Right front side of bed Ch21 Bed around hydraulic unit

Ch11 Right rear side of bed Ch 22| Rear side of bed under head stock base
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Fig. 4.3 Results in L3 condition with cutting fluid
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Chl| Ch2 | Ch3 | Ch4| Ch5| Ch6 | Ch7 | Ch8 [ Ch9 | Chl0|Chll|Chl12|Ch13|Chl4|Chl5|Chl6|Chl7|Ch18| Ch19|Ch20| Ch21|Ch22
Chl| 700 707 701 726 696| 683 699 715 730| 580 581 677 703) 688 595 700 702 626| 594| 673 698 700
Ch2 183] 208| 251) 189 208[ 230] 203 190| 342) 196 187 387| 307 187) 320[ 250| 191 342| 196 207| 183
Ch3 92| 326| 304 377| 110] 340| 443 638 420 116| 66| 39| 297| 82| 393 485 465 406| 396 330
ch4 251) 272| 266| 272 261| 258 349| 237| 247| 423 305( 234| 352 251 238 371] 265 280 258
Ch5 176] 205 240 224 180| 320 163| 195 399| 327| 196| 324| 269| 166 339| 193] 194| 176
Ché 209| 310[ 222| 212 298 173] 250| 481 361 197 394 301] 182| 339 200] 220[ 191
Ch7 114) 269| 351] 563 357 127 102| 358] 253 118 334| 382 424 342 344| 263
Chs 212 205 343] 218| 224 445 319| 218 361| 281] 210[ 344| 243] 228 226
Cho 227| 294| 183 247| 573 370| 242| 463) 308[ 199| 332 214 226| 187
Ch10 177 203| 438| 684 377] 319] 634 343] 266| 337| 275 252| 308
Chil 158| 274| 523| 321 175 449 248| 188 284 139| 188 153
Ch12 129 131f 330] 223] 130[ 288 256| 395 282 271 205
Ch13 40| 494 377) 73| 507 589 524 516| 516 431
Chi4 360| 339| 424 337] 343| 421 378 406| 326
Chi5 197| 309| 278 218 355 197] 242| 186
Chi6 92| 419 507| 483 438] 428| 364
Ch17 284 264) 375 301f 320 257
Chis 182| 328 173] 201 161
Ch19 230 307] 354 333
Ch20 194 219 176
Ch21 238 181
Ch22 167|

FREOFMREB B, /57N —T DR KERDIEEE R x

RUTIRE R E KA S 720 A G DOELHIET, BEE TR OB IS

Fig. 4.4 Calculated resemblance of each temperature measurement point of XT-6

calculated from the test results of all 18 conditions

Table 4.6 Grouping results of temperature measurement points

Group 1 | Group 2 | Group 3 | Group 4 | Group 5| Group 6 | Group 7 | Group 8 | Group 9
Chl Ch2 Ch3 Chd Ch8 Ch10 Chi4 Chl7 Ch19
Ch22 Ch7
Ch5 Ch12
Chl1 Ch13
Ch18 Ch16
Ch20
Ch21
Ch9
Ch6
Ch15

/_&
es

BINL, A@d.1)l0%

5. ZHO T RO T XTI L CEROIHIEEBR S R ~DIE 217528 T, 5
BREI o BIONEERIESZHE L. o8B, ZOr i Excel DV BEREZ
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Table 4.7 Temperature measurement points and experimental constants

[ 1 2 3 4
AT; Ch.6 Ch8 | Chil7 | Ch20
a; 2.69 -2.41 0.25 0.13

# 4.7 OERB I OR@. ) ZEAWT, Eha L= OIHlZ 6 i L WG A 8 L OWIHI b
AT HAEDOE 18 FRIFICH LT, M LRZ L EZTPILI-ME REENZENnE
4.8()BLOMONTRT. EfiL7= 9 S TAZIE, YIHThEZ ROV R2WEA,
BIENME HOWASE CTHIIEAZ T2 TENZE Y] 9.6 um 225 4.6 pum, 8.3 pm 7>
5 6.7 um (AT DI EMFERI N, I LR EOTEHME B Z OE RIS
WTh, [FIRRICH E21TH 2 & TEMER T 22 03RS, 7eds, YIEIMZ v
LY GO L3, L6 BELULS OFRMICHE W T, I TAZLIEIIA EIC 0 K353,
IV ERTOMN TRZ(LED 7 pm LLFERUNTHY, IR RETH 72720k
Ezohb. o, ZNHOEMFICBIT DI TARZELEDO FHER IO R ZED
IEAT: CREIZFERRE THY, N LAZ ) B RITH ERTE R ThH DI LD R
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Table 4.8 Correction effect using approximate results calculated by the prediction

equation

(a) Without cutting fluid

Vaiationindiameter Average in diameter variation Standard deviationin
(Max-Min) [um] [um] diameter variation [um]
No. Without With Without With Without With
compensation | compensation | compensati on | compensation | compensation | compensation
(Measured) | (Predicted) | (Measured) | (Predicted) | (Measured) | (Predicted)
L1 12.0 4.7 6.8 15 29 11
L2 7.0 3.7 34 2.0 2.0 0.9
L3 9.0 34 41 0.9 2.7 0.8
L4 9.0 5.5 4.2 17 2.7 12
L5 11.0 3.6 6.4 1.0 2.6 0.8
L6 10.0 4.8 3.7 25 2.8 1.0
L7 8.0 3.9 35 15 2.3 1.0
L8 9.0 6.2 45 3.3 25 1.3
L9 11.0 5.8 5.5 2.3 2.9 1.7
Average 9.6 4.6 47 19 2.6 1.1
(b) With cutting fluid
Vaiationindiameter Average in diameter variation Standard deviationin
(Max-Min) [um] [um] diameter variation [um]
No. Without With Without With Without With
compensation | compensation | compensati on | compensation | compensation | compensation
(Measured) | (Predicted) | (Measured) | (Predicted) | (Measured) | (Predicted)

L1 8.0 6.0 35 2.2 24 13
L2 7.0 6.9 1.0 0.7 1.9 14
L3 5.0 8.9 1.1 12 1.8 24
L4 10.0 4.6 3.6 2.3 2.4 11
L5 10.0 4.0 54 1.7 3.2 1.2
L6 6.0 6.9 2.8 3.2 1.6 1.7
L7 13.0 8.4 8.9 6.1 2.9 14
L8 5.0 6.9 24 2.7 15 17
L9 11.0 74 3.2 2.1 3.0 1.7
Average 8.3 6.7 35 2.5 2.3 1.6
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Table 4.9 Specifications of XT-8

Height oh the center from floor (mm) 1,050
Head stock ) )

Max. spindle speed (min™) 3,500
Todl post Max. stroke of X ax!s (mm) 190
Max. stroke of Z axis (mm) 400

Motor Power of spindle motor (kW) AC 11575
Power of hydraulic motor (kW) AC15
Weight (kg) 3,200
Size : lengthxwidthxheight (mm) 1,600%1,535%x1,700

69



(a) Overall view (b) Diagram (front) (c) Diagram (back)

Z axis
Servo motor

X axis
Servo motor

:
KM
Ball screw i Feed

Chuck 353 | 270

Bed \
e i
——
Tool post — Ball nut
___Workpiece
o 3 \
o) \
o
o I .
==
I“"' ......... I |
||| Head stock | | s Cutting tool

(d) Movable parts overview chart
Fig. 4.5 Overall view of XT-8

442 REAEROBHEIURRERDRERER

FLOIHIRBRIE, 4.3 HIlZHBWW T XT-6 HICIRELTCR 4.1 BLUEK 4.2 D544 H
W5, FRBRIZEIHMAE F OF S S AE T TITV, A X T AL E L S45C #,
C3604BD #FEL7-. BIHIGMEITFR 43 0iEVELTZ. 7eds, BB OREREIC OV
UL, 3 FmEARRIC TRIBVE 2L, % 4.10 (R34 30 AT ClIEE T 72,

70



Table 4.10 List of temperature measurement points

Ch1l Chuck side of head stock Chl6 Spindle motor BKT

Ch2 Cylinder side of head stock Ch17| Middle side of bed behind machining camber
Ch3 Chucking cylinder Ch18 Hydraulic oll

Ch4 Left front side of bed Ch19 Room temperature

Ch5 Left rear side of bed Ch20 Inside air temperature control panel
Ch6 Right front side of bed Ch21 Inside air temperature of power unit
Ch7 Right rear side of bed Ch22 Air temperature around head stock
Ch8| Bedunder Z axix servo motor |Ch23 Air temperature around Z axis slide
Ch9 Front side of Z axis slide Ch24 Air temperature around cutting area
Ch 10| Inner front side of head stock base | Ch25 Air temperature around spindle motor
Ch 11 {Inner middle side of head stock base Ch26 Cutting fruid

Ch 12| Inner rear side of head stock base |Ch27 Inside air temperature of bed

Ch13 X axix shall screw Ch28| Front side of bed behind machining camber
Ch 14 Housing of turet Ch29| Rear side of bed behind machining camber
Ch 15 Spindle motor Ch30 Outdoor temperature

KA DITHWDIRE R E AL, 4.2.2 TS FRRICA IR RNE S OBEPUEZF L,
SHE LTI NN —T AR E SR L CRET S, IRERIESDT IL—T451F D
FEERASR 411 1R

Table 4.11 Grouping results of temperature measurement points

Group 1| Group 2 | Group 3| Group4 | Group 5 | Group 6 | Group 7 | Group 8 | Group 9 | Group 10| Group 11| Group 12| Group 13| Group 14| Group 15| Group 16| Group 17
Chl Ch5 Ché Ch7 Ch10 Chll Ch12 Ch13 Chl4 Ch17 Ch19 Ch20 Ch24 Ch25 Ch26 Ch29 Ch30

Ch2 Ch22
Ch3 Ch23
Chd Ch27
Chs Ch2g

Chi5
Chi6
Chi18
Ch21

F A1 TR T IS, IBENESIX 17 07 V—1258E LT, Lo s i—>7"7%y
TFORERESEIZ, 423 TALRERIZ, EBRER a BIXONEERIE SR EL. Ik
EL-IRERE SR BIOERER R 4.12 17T,
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Table 4.12 Temperature measurement points and experimental constants

i 1 2 3 4
AT, ch4 | chs | cho | chos
a, 191 | -138 | 291 | o4

Table 4.13 Correction effect using approximate results calculated by the prediction

equation

(a) Without cutting fluid

Variaion in diameter Average in diameter variation Standard deviationin
(Max-Min) [um] [um] diameter variation [um]|
No. Without With Without With Without With
compensation | compensation | compensation | compensation | compensation | compensation
(Measured) | (Predicted) | (Measured) | (Predicted) | (Measured) | (Predicted)
L1 25.0 184 6.7 51 3.9 34
L2 11.0 5.0 6.1 2.2 25 0.9
L3 14.0 12.2 5.3 7.1 3.3 2.6
L4 19.0 12.9 7.1 6.8 4.3 2.7
L5 20.0 111 8.6 2.7 5.8 2.2
L6 13.0 5.5 7.6 3.2 3.1 1.1
L7 21.0 12.2 133 8.3 4.7 2.1
L8 20.0 6.7 4.7 1.7 3.0 11
L9 23.0 13.9 11.6 34 7.0 2.0
Average 184 10.9 7.9 45 4.2 2.0
(b) With cutting fluid
Vaiaionin diameter Average in diameter variation Standard deviationin
(Max-Min) [um] [um] diameter variation [um]|
No. Without With Without With Without With
compensation | compensati on | compensati on | compensation | compensation | compensation
(Measured) | (Predicted) | (Measured) | (Predicted) | (Measured) | (Predicted)

L1 18.0 131 13.0 8.8 3.7 2.8
L2 8.0 8.2 1.6 2.6 13 15
L3 9.0 125 2.2 2.9 21 1.9
L4 12.0 8.3 4.7 1.8 2.1 13
L5 9.0 7.2 5.5 2.8 2.1 15
L6 9.0 10.3 25 54 1.9 2.1
L7 17.0 13.8 10.0 4.0 3.7 2.0
L8 17.0 6.8 7.1 1.7 4.3 1.2
L9 15.0 8.3 9.0 15 2.8 1.2
Average 12.7 9.8 6.2 3.5 2.7 1.7
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Table 5.1 Results of analysis of variance for XT-6 test results

(a) Without coolant
Without compensation With compensation
Factor V ariation Contribution V ariation Contribution
rate rate
Diameter 0.9 4.4% 2.8 32.6%
Lenth 16 1.7% 0.1 0.8%
Times 2.9 14.3% 4.5 52.1%
Temperature 14.9 73.6% 12 14.5%
(b) With coolant
Without compensation With compensation
Factor V ariation Contribution V ariation Contribution
rate rate
Diameter 14.0 21.9% 14.8 38.8%
Lenth 18.0 28.1% 7.1 18.6%
Times 18.0 28.1% 12.8 33.3%
Temperature 14.0 21.9% 35 9.2%
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Table 5.2 Combinations of factor and level

Level
Factor 1 > 3
[1] | Diameter (mm) 50 35 20
[2] | Length (mm) 10 30 50
[3] | Cutting force Less Low High
[4| Temperature | Increase | Constant | Decrease

Table 5.3 L9 orthogonal table

Test number Dl(anr:ger L(?:%h Cutting force| Temperature
L1 50 10 1 Increase
L2 50 30 4 Constant
L3 50 50 5 Decrease
L4 35 10 4 Decrease
L5 35 5 increase
L6 35 1 Constant
L7 20 10 5 Constant
L8 20 30 1 Decrease
L9 20 50 4 Increase
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Table 5.4 Grouping results of the temperature measurement points

Group 1

Group 2

Group 3

Group 4

Group 5

Group 6 | Group 7

Group 8

Group 9

Chl

Ch3

Ch8

Cho

Ch12

Chi4

Ch17

Ch19

Ch22

Ch2

Ch7

Ch4

Ch13

Ch5

Ch16

Ch6

Ch10

Ch11

Ch15

Ch18

Ch20

Ch21

ZOREPEF B RS AW, IELZIRERE S EEREROMETEER 5.5
12, ZOREOPRIUICE DT R2R 5.6 IZEnFIurT.

% 5.6 ITRTIOIZ,
MIEEITHZ

INTAEZAKE, I TAZA LB O JOTE R AT,
ETINEDFHEET < TIZIBNT 9 SR_MEDFIIEAHA L TERY, Ik

E LT BT PRI E WD E TR ENTT RS, £z, L3 DA LEZEL
RIS K 9528, ZFOEIT 2 um FE LN THD.

EROBERTHNZ, & 4.8 ORBGRERITHL TEMAL, fEN RO I2L—
ariAtol, TOMRER 5.7 ITRT.

Table 5.5 Temperature measurement points and experimental constants

[ 1 2 3 4
AT, Ch.6 Ch.8 Ch.12 | Ch20
a; 2.37 -1.32 -0.57 0.18
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Table 5.6 Approximate results from the thermal deformation prediction equation

Variaionin diameter Average in diameter variation Standard deviationin
(Max-Min) [um] [um] diameter variation [um]
No. Without With Without With Without With
compensation | compensati on | compensati on | compensation | compensation | compensation
(Measured) | (Predicted) | (Measured) | (Predicted) | (Measured) | (Predicted)
L1 23.2 9.3 3.2 15 55 1.0
L2 7.0 34 34 1.0 19 0.6
L3 10.0 12.1 35 6.0 15 4.2
L4 12.0 6.7 4.3 14 2.7 0.9
L5 19.0 6.0 55 29 3.1 16
L6 5.8 4.0 2.2 2.1 1.0 0.6
L7 13.0 7.0 9.0 4.8 2.7 11
L8 11.2 4.6 1.2 1.8 29 1.0
L9 19.0 6.3 5.6 1.2 29 0.9
Average 134 6.6 4.2 2.5 2.7 1.3

# 5.7 ITRT IO, RHETRETLHFIED, GHEEHLRWE S, YIHIhE
19556 TN LAEZ IR, I LEZLEOTFAERE L OEERZAD T~ TO
PGB RN T, MEATTO ZE TEAMER T 52 LMl LTz, £, Znbo T
BRI XU E 26 A L2 WA T 50~60%FFE, Bl Z 6 4255
20~30%F2 EEARIRS AL CTHY, MiEZNRIE 4.2.3 THDOFK 4.8 T/RUICHERE ﬁ%af;—ff%
STz 2L, YR E AW DHA IO T L2 ey, fhiiErTom TRZ g
25 10 pm ZHIEL TOD SIS L CTORIEZ O TAZ LY 10 pm Z i
NI LB AR NG KT DM ROFAE T DL RSz,

VL ETHWEBAETE Y HIRAE R ET D20 0FERT, [NFLL-UHIARTOER
FOMED 2 KIEZONTIIWTIb, BIARRZ L7220V SF T CEM LB T
oz, TDTD, P LT BT TN, SIHRHA S H L7220 A 113 3523,
T 2GA TS T LHEL TR T2 EE X IS,

UL EDIHIZ, A TRE T 2 FEUIHIER O FER A B 5 FEE, —H o5k
TRIZB W TR ERITOZENTERNWI AR L. 72721, L1 §ffelic
W, 4.2.3 IHTRTRERIDS RAFRAHIERN RERLTERY, ZOZENbERE AR
FEZATH2DITIE, WO EEORENLIE THLHEE Z HIND.
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Table 5.7 Simulation results of the correction effect of the determined thermal

deformation prediction equation

(a) Without coolant

Variation in diameter

Average in diameter variation

Standard deviationin

(Max-Min) [um] [um] diameter variation [um]
No. Without With Without With Without With
compensation | compensati on | compensati on | compensation | compensation | compensation
(Measured) | (Predicted) | (Measured) | (Predicted) | (Measured) | (Predicted)
L1 22.0 7.2 6.9 14 2.8 1.0
L2 7.0 34 34 1.0 19 0.6
L3 10.0 6.5 4.1 1.8 2.7 12
L4 12.0 6.7 4.3 14 2.7 0.9
L5 19.0 5.0 6.5 0.9 25 0.6
L6 12.0 44 3.8 1.2 2.7 0.8
L7 13.0 4.7 35 0.9 2.3 0.7
L8 10.0 5.9 4.6 1.3 25 0.9
L9 19.0 11.9 5.6 5.8 29 3.0
Average 13.8 6.2 4.7 1.8 2.6 1.1
(b) With coolant
Variaionin diameter Average in diameter variation Standard deviationin
(Max-Min) [um] [um] diameter variation [um]
No. Without With Without With Without With
compensation | compensation | compensation | compensation | compensation | compensation
(Measured) | (Predicted) | (Measured) | (Predicted) | (Measured) | (Predicted)
L1 14.0 54 35 29 24 13
L2 13.0 14.0 1.0 0.6 1.9 14
L3 10.0 12.1 1.1 1.8 1.8 3.6
L4 14.0 9.2 3.6 2.1 24 17
L5 19.0 6.1 5.5 2.9 3.1 1.6
L6 10.0 11.2 2.8 45 16 2.0
L7 13.0 7.0 9.0 47 2.7 1.1
L8 10.0 8.9 25 45 15 2.0
L9 15.0 10.9 3.2 2.1 3.0 14
Average 13.1 9.4 3.6 2.9 2.3 1.8
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54 #%

il

ARETIEL, 4 B TH MM HERS IV RBRET B{EZ W TZILH RN DR =R A 72 )
BT RRNOPREFIETH LT, ZORERITH L Toimtrae L, BVETE~0
TGP NSIRR T2 G O 58 e & TN THLUHIRSUCAL T 5L T,
AR E A HIR T 222 LT2. ZORER, FEDFRMFITHL T, 4 EOF
TELRITRE ORI IERN R ZFFONDZEDHERSNIZD, DO FAFIZIB W TIAER D
INTAZACREE R T DR Re e otz D7, R FEMEZ B LI AR E T
(3, PR SN AR & [FIFR L DA IE DM T 72V e A RS S Tz,

FRRORERIT, Fr W BRI\ T, BIHERE O FEENE O
B a T/KYENRIE TS, ORISR R 2 Ve 28I I D EOIHIRER
EDFEN, BT TR OuE AEMH B IO TR IS BE KT LB XD
ns.

ZITIRETIE, EBRFHEIEDOHIFIRC, KIEDRVICL DB ZRET >, FBRE
itz J 0D ES 5728, All Pair (52 W TREREHEI 2R, BAETE T A%
RIES DFEEIRETT 5.
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F6E AlPair;ZZRAVEALZEFTARDRE

6.1 #E

5 BT, 4 BECRELILANZRIE HIEIC I DBVER TR CORERRIC
SUCTHERINTE EHEL, ZOERENSIN TRZICKIET B/ NS/ W] T1-%Y)
HIHZ B3 DR FICEE 3528 T, MBRERBA IR T 52 L2 Matliz. Maths
R HWTRELTTRIAABE A LR R, —H ORISR L THIEN R 215028
NTET, RBELUZFIRILEH RS CHLZ LD MRS, 2T, YIHEIeEH O
LR L3 57 I U HI BB KA W28 T, UIHIhE o F 2
ZNORBEOROPEL, £ RIREBRAE R IO AR IR ERE E TR
MOTeZEMERELTEZHND.

FZTARETIE, BRI OREIZEREIIIED L7 K D720 All Pair V5% H
WHZET, GIHIE F OF A K 7L U CHLAIA R, 4 FEEFERICILA R BT
TRXEDRIKRE T D FIEEMHL TS,

6.2 All Pair jJ5IC K 2B EHDEE A E

FERETIEE OB TE T IO E FIEITR LT, SH7225 080 32 0 S0
ZHEBIC, 5.1 #CIXUHEREIA R 7128, BEFORFEANEZ DML
2B, —OSEMCTHIERN RERDLZENTE R o7, 2, Lo UEIKH O
K TR T, BIHIMZ 25 L Ui WL OB R Tidel, 20
— H SRR -T2 B 2B,

ZZCAREITIE, EBREHETAICDY, All Pair 1EE2 WV CGRERGHE AR, i
FT22ET, KD EOREBR IS B DL T XA R E T HZEEMFTT 2.

All Pair £, fEEOREF 2 DIZOWT, BAKREOMEE N D7e<Ed 1 BT HE
FTOZLRFET DR F LK EDMEEREFGLFIETHY, EIZVTRN =7 DT ARG
AR ETDIDICHOBIS. FEERFHETE CIEE R ISk LRI O K HEA 7T
LHREIRHL, All Pair JEIZBW I ORIKIIT RS, £ ERRoMEE NS, G
BEI L TR E L7025,
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ARERSEITIE, 42 I L CUIEINE, 2O HOF 2 SO KAEEZ RO 1 &
LCBMLZ, RBRSEEE 6.1 (RT. b 5 DORFIZHIL, EBRFEEICE
THEARITHARY T DR LK EOM AT RZIER T 5. AEITIE, Microsoft £
DY 7ry =7 PICT ZEHL, #AEEREZER L. FERLIZHAEEREZR 6.2 1T,
RIS 6.1 DOFRBRSEMZEI Y T REa£K.6.3 (TRT. 72k, ZNHOBRS
([Z3BUNT, N3, N5 OEFIIZAENTIHIMZ L LW 6 D L7, LS OFA:LIH
—THY, £/= N2, N4, N7, N8, N10 DEMIFZNENUIHIMZMEH 35560 L2,
L9, L8, L4, L1 O&MLFE—ThHs.

WHEiLD, £ 63 \TRTRBREMEZ AW THREBE EEL, BT T ROk EL,
ZIVE WA EV R OMERETTO.

Table 6.1 Test conditions used in the All Pair method

Factor Level
Cutting fluid Non use Use -
Diameter (mm) 50 35 20
Length (mm) 10 30 50
Times 1 4 5
Temperature Increase | Constant | Decrease

Table 6.2 Combination of constants and levels using the All Pair method

Factor

Test number
[3]

=
[
AAS)
=

N1
N2
N3
N4
N5
N6
N7
N8
N9
N10
N11
N12

RN RN RN -
N[R(R[NN|w|FRINdw |-~
NPl wNd| RN w
NiwlRlw[NFRIRlw|d] o N -
N w|lR[NMw|w [Nk R N[N w|a
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Table 6.3  Test conditions determined using the All Pair method

Test number | Cutting fruid Diameter Length Times Temperature
(mm) (mm)
N1 Non use 35 50 1 Decrease
N2 Use 50 30 4 Constant
N3 Non use 20 10 5 Constant
N4 Use 20 50 4 Increase
N5 Non use 35 30 5 Increase
N6 Non use 50 50 1 Constant
N7 Use 20 30 1 Decrease
N8 Use 35 10 4 Decrease
N9 Use 35 50 5 Constant
N10 Use 50 10 1 Increase
N11 Non use 50 10 5 Decrease
N12 Non use 35 30 4 Constant

6.3 All Pair jEZ AWV - ERETE & =M -XT-6-

ARHEITIE All Pair % FHWZEVETE THIO U E HIEDOH AR 5720,
FHEY AR 6 A2 F D XT-6 5t RELT, £ 6.3 DRBREMEITHE- TERUIYIFER
I, ZOREREHNNTTPRIRZRIE TS, [FFIECI> THREL THIRE H
WTC, fIEZRNR D2 —ral BT, 7eds, BHIM A2 5 L UIHI SR FIC VT,
423 HDOE 43 R TRUEFEHT5.

6.3.1 All Pair i ZEZAWV-BZERFAR EEBEHDRE

# 6.3 1T 12 MO FGIHIERER A ML= FE R 2 T, 4.2.3 THEFRBRIZEER
FEZRHL, IBERE SO N—T 33 A ToT iR E T 6.4 \RT . 7ok, IREE
{biZF 4.5 LRI— D4 22 »FT CHIELZ.

£ 6.4\ TRT 12 DT N—T 0D 4.2.3 HEFRRIS, JELUE QR A VTR
FERDIBERIE MZRTEL, W n=4 LLT-R@G.DISHL TENLEMAGDED
ZETHRLND THIROEMMZ W2 TRIESE, £ 52BN TREEDZEN
/72BN, TRIROBEMHT LICRERE RSB LOERERLZFEL, o
MEFAEEREL.
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Table 6.4 Grouping of temperature measurement points for simulated cutting tests

using the All Pair method

Groupl | Group2 | Group3 | Group4 | Group5 | Group6 | Group? | Group8 | Group9 | GrouplO| Groupll | Groupl?
Chl Ch2 Ch3 Cha Ch8 Cho Ch10 Chi5 Chi8 Ch19 Ch20 Ch21
Chl7 Ch7

Ch5 Ch13

Chl4 Ch16

Ch22 Ch12

Ché

Chll

Ch20

RELTIRERIE S BIOERTEHEE 6.5 [T, 2, ELETRIRICES
IELOFEREE 6.6 ITR-T. K 6.6 IR T X, MiEIZEVINTEZ(IEIX 12 54
HEOFHT 122 pm 235 7.2 pm, I TERZ(LEOFEEB LI OEER 21T 22
32 pm 235 2.1 pm, 2.2 pm 25 1.3 pm (AR AL MRS L. 7238, N2
DEAIMEAT% TN TARZIRIZREE LD, I TRE( L&D R fE
BROEER 22T EOITHL TRY, fiEZROMN TAREEITLEY 0 IEHFHTE
W%, LLEIZEY, All Pair 154 W EVETE TRIOR E FIEL, BIAHIE
IR CED.

Table 6.5

determined using the All Pair method

[ 1 2 3 4
AT; Ch1l Ch.8 Ch.10 Ch.22
a; 194 -1.90 0.69 -0.24
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Table 6.6  Approximation results using the prediction equation

Variaionin diameter Average in diameter variation Standard deviaionin
(Max-Min) [um] [um] diameter variation [um]
No. Without With Without With Without With
compensation | compensation | compensation | compensation | compensation | compensation
(Measured) | (Predicted) | (Measured) | (Predicted) | (Measured) | (Predicted)
N1 10.0 5.8 19 2.2 24 12
N2 13.0 12.7 3.2 2.2 2.2 1.7
N3 13.0 6.3 35 2.9 2.3 1.6
N4 15.0 6.4 3.2 15 3.0 1.0
N5 19.0 7.2 6.5 1.9 25 1.2
N6 12.0 6.4 3.1 2.0 1.8 1.3
N7 10.0 6.6 25 2.0 15 1.2
N8 14.0 9.4 3.6 1.6 24 1.2
N9 9.0 6.4 2.8 24 3.0 15
N10 14.0 7.3 3.5 35 24 15
N11 5.0 5.0 1.8 0.8 13 0.6
N12 12.0 7.2 3.0 1.7 1.8 1.1
Average 12.2 7.2 3.2 2.1 2.2 1.3

6.3.2 HIENRDIEDR

6.3.1 HTHIME MRS All Pair 12 HWEBETE T RIEUCOWT, IREL
TeBET TR ZE R 6.3 TR T LSO L T T8 T, EDOH M
BT 5. e T RS, £ 4.2 OFEERFHENETRELIRBR G0, 6.3
EHEET DRI CTRRIEL . BARBIICIE, GIHNNA6E HLeWiEE& D L, L2,
L3, L4, L6, L8, L9 D5FL, GIHNHALE NI 256D L3, L5, L6, L7 DS %t
Gl

ZNBDEMHFITHLT, RM@EDBLD 6.3.1 HTHE L7 EBREE A8 L7 5
3 6.7 1. R 6.7()BLROITRT LN, M TAEZLROFEEMEIE, YIEI
AL 22WIGE, BIEIEA LT 3256 LIRS TRY, KA/ THn

BRAEUIEA 10 pm FREEIZHIHIS LS. 7eds, YIHIMEZ WA E5A O L3 OIS
DUNTIE, M EARZEACIEAE KT DfE &7 o723, TV ERT O LRV
DR 10 pm BRSNS, BB PRI REECh o722 EE 2 HiLD.

VL EDOFERIT, 422 THO# 4.8 LIERLIZEEA, WEAITH)Z L CAHMBEIT R
oA T O ENHERTED. ZHUCKY, REITHGHRET LT AKX 6 1
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YT OfEE XT-6 1238\ T, All Pair 5% HWTEVEE T INA T E 32 FIEIE,
422 B CHRRER LI FEBRGFHEEA W CEVETE TR AT E T HFIEICH LT, 35
Fhtiths 18 S-MEND 12 FIFICTHIRLZR 23D, EBREHEEE AV FEEFERED
FIEZN RGO ZED RS

Table 6.7  Correction effect of the thermal deformation prediction equation
determined using the All Pair method
(a) Without coolant
Variaionin diameter Average in diameter variation Standard deviationin
(Max-Min) [um] [um] diameter variation [pum]
No. Without With Without With Without With
compensation | compensati on | compensati on | compensation | compensation | compensation
(Measured) | (Predicted) | (Measured) | (Predicted) | (Measured) | (Predicted)
L1 220 8.8 6.9 25 2.8 15
L2 7.0 5.0 34 27 1.9 1.0
L3 10.0 6.6 4.1 1.0 27 0.8
L4 12.0 5.8 4.3 1.0 27 0.7
L6 12.0 5.8 3.8 35 2.7 1.3
L8 10.0 7.6 4.6 3.3 25 14
L9 19.0 10.0 5.6 1.9 29 14
Average 13.1 7.1 4.7 2.3 2.6 1.2
(b) With coolant
Variaionin diameter Average in diameter variaion Standard deviaionin
(Max-Min) [um] [um] diameter variation [um]
No. Without With Without With Without With
compensation | compensétion | compenseation | compensation | compensation | compensation
(Measured) | (Predicted) | (Measured) | (Predicted) | (Measured) | (Predicted)
L3 10.0 13.0 35 6.6 15 4.1
L5 19.0 9.1 5.5 34 3.1 2.3
L6 10.0 8.5 2.8 2.2 16 14
L7 13.0 105 9.0 8.0 27 1.8
Average 13.0 10.3 5.2 5.0 2.2 24
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6.3.3 AllPair ZZ AV RREBICHT 20 EER

6.3.1 THOFERIZXL T, 4.4 LRI HOIATEIT), MIERIFITK L Tobr &
179. 72721, 5.3.1 THEERD, All Pair 1£ TIEK 1 Z EOKAEHM R — T3
D, AN EITHIZENTERN, ZZITCARE T, £RBRO N TEZEiEZ X
(6.1) OEFIFRTRILL, NP OREFHREE HWT, EEREHETED 5B HT )
DRFONDERIZNR KNI Y T2, KK OREE TN 5 H k27 5.

Y =am+ aatkar + anckar + - + ajky (6.1)
ZIT, y IMEEORBRIZB T DI TARZAIEOHEE, aj MEEDRFIZHBITD
B DO KEDREIFAREL, ki LB ORBRIZBITFDKEDOH WA R E5(H D%
BT 1, BOLETX 0 210AN), anZU R THS. HlELT, N1 OFMICBITFHIN T
BREACIROHEEEE, R(6.2) TERINA.

y = am + aaitka1 +as2ksz + acskcs + apikp1 + agskes (6.2)
728, XPD an BE N ayld, BRI EOMITAREIEE y L0 T FEFHEL,
ZDFRZE RN RN ERDIDNTRESND. ZOLE, TR LREER(G.1)D y
M—ET X, [FRIZLEEORBRGE KA RELT DL AREE D720, ky DK
/NEERRIN, K IKMED R BEO R/ NBEREEZ X DI ENAIRELRD. 7ok, HEIED I B
LV 1%, & 6.1 DR FEKREOHAERIZHLT, R 6.8 ITRTINTEY T, =
DIE, All Pair {EZ W TIRE LTS RIS L, ki 133K 6.9 1TRTLBVERD.

Table 6.8 Assignment of parameters i and j to factors and levels

Level
Factor i =1 j =2 i =3
Cutting fluid i =A| Nonuse| Use -
Diameter (mm) i=B 50 35 20
Length (mm) i =C 10 30 50
Times i =D 1 4 5
Temperature i =E | Increase | Constant | Decrease

(0]
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Table 6.9 Parameter k;; assigned to each tests

No.
At A2l B1i|B2|B3|ct|c2|c3|p1i|p2| D3| EL] B2 E3
Nil 1 lo]lo]1]of]olol1l1lolof]o]o]1
N2l ol 1] 2] oloflol1lolol1loflo]l1]o0
N3l 1ol ool 1] 1]lolololol1]lo]1]o0
Nal o[ 1ol ol 1]olol21lol21]ol1]o0]o0
Ns| 1l oflol1]oflol1lolololzs]1]o0]o0
Ne| 1ol 1] oloflolol1l1lololo]l1]o
N7l o[l 1l olol1]ol1lol1lololo]o]1
Nel o[ 1ol 1lofl1]lololol21]olo]o]1
Nl ol 1l ol 1] oflolol1lololz1]o]l1]o0
Nol o 1| 1] olofl1]lolol1lolol1]o0]o0
Nt 1 ol 12 olol1]olololol1]lo]o]1
N2l 1ol ol 1loflol1lololz1]olol]1]o
Table 6.10 Predicted results of diameter variation
(a) Without compensation
Diameter variation (Max.-Min.) [pum]
12|l w3l a|l s e| 7] e ool
Mf::jrt ® 100|130 | 130 | 150 | 190 | 120 | 100 | 130 | 100 | 140 | 50 | 120
Prii‘jltted 00 | 116 | 120 | 156 | 171 | 103 | 104 | 109 | 112 | 153 | 67 | 149
Predetion) 1 | 14 | 10 | 06| 20| 17 | 04| 21| 22| 13| 17| 29
error
(b) With compensation
Diameter variation (Max.-Min.) [pum]
11| 2| 3|l walis|e| 7| s8] Lo | Lo Lin| L
Measured) oo | 157 63 | 62 | 72 | 64 | 65 | 94 | 72 | 73 | 50 | 72
result
Predicted | o | 113 54 | 66 | 64 | 64 | 71 | 88 | 79 | 77 | 60 | 89
result
Prz?'rztr'on 10| 15| 09| 03| 08| 00| 06| 06| 07| 05| 10] 17
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6.3.2 THDOF 6.6 OFEFITH LT, (6.1 &0 L TN TAZEUIEAHEE LT fE 5=
7 6.10 IR, K 6.10 DI T ERTOHEER R, BLOOITRTHIEZD
HEERE R D, HEER(6.1)E FWDZETIN TARZ bR % Hefe ) B4 | 2 HE & Al REZR
LR TTED. ZOWED a; DEESR 6.11 12, TNHENFI L7 ay Lz 0%
6.1 1R HEEZ(6.1)E W TH B O TRZLLig % HEE FHE CHDHIED
5, WEFRIFRE ay ZFAVDZET, K 6.1 1R T IR FINOFKAENIN TAZE
(LRI RIE T BTG 52 E 3 TREL 72D

Table 6.11 Regression coefficients and intercepts

am ajj [pm]
[um] | @a1 | @a2 | @p1 | @2 | Q3| @c1 | @co | Acz | Ap1 | @p2 | @p3 | Am | Q2 | g3
WIthOUt. 12.40( 0.17| -0.17| -1.63| 1.31| 0.32| 0.41| 0.69| -1.10| 0.65| 0.47| -1.13| 3.65| -0.16| -3.50
compensation
With . 7.06( -0.95[ 0.95( 0.73| 0.28| -1.01) -0.07|] 0.87| -0.80( -0.45( 0.87| -0.42| -0.47| 0.79| -0.32
compen&atlon
14
_ <J; —o—Without compensation
g 12
210 t —e—\With compensation
d
5.t
5 61
T 4
8 »
8 L
. 0 ?4 1
g-z I J
T -4t
_6 L

m Al A2 B1 B2 B3 C1 C2 C3 D1 D2 D3 E1 E2 E3
Combination of factersi and levelsj

Fig. 6.1 Regression coefficients with and without compensation

6.1 (T IS, YIA am DI EIC > TIEBEIL TBY, #eXickamiE
NRE LM TETCNWDIEDN DD, £z, HRFD aj lZE B T5HE, [IREH) E 12
BT, KR O B ERERE D K/NEIFR A E AT CTRESELL TRY, [FIK
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TS LD BE R Z T DIEN D%, OO E T2 OWTE, MIERTO
aiy DKYERNZ BT DKM KIRZE) E DL —FR TIER W Z DRI T
BY, TR ELEZRE A2 AEIZTFBL Q0D EBbons. O dmiEshE
R D2 ENREETIIH L, ZNHOH THERHCI TES C iz oW, fiiE
% C ay OKYERNZB T HR/PBRICRER T RONT, fIEICL 2N T
W NEWNEE ZHND.

6.4 All Pair ;5 & AU -AERETE & =M -XT-8-

AREITIE, EHY AN 8 AT D XT-8 ZRIRIT, 6.3 HiLFAERIZ All Pair & H
WV TRIRORE FIEEZEHL, COAMMESNAME R T 5. FZ0IHI
BRI BT 2R3 6.3 BiE IR, RBRSAMITE 6.3 D&IFE AWy, #REIM B L UMW)
HIZRIE, 3R 43 OFRMFE WD EELT-.

6.4.1 AllPair i EZEZRAW-BZERFARX EEBRTEHDRE

6.2 I RLAR L 72 4o FC FEhi L7 SRUIHIRRER AL A WG, SR E AR L, R
BERDT N—T 53T eAT ol i RAE T 6.12 (RT . 7235, IRERIEITIEE 4.5 &
[F]— DAL E & V-,

ZOREREHNT, 6.3 HiklAEERIZ, 422 THIRT @) ER KB D EYIHI
B R ED DN I/ NE72 DI, IRERIE B L O EBRER LR E L. £ O
REFK 6.13 1 TRT.

7% 6.13 OfERE AW TRIARICEAIN TARZ{LEOIELPMEREER 6.14 (TRT.
# 6.14 (RTINS, MEEZITHOZE TN TARZLIEX 10 pm &729, i BAFI
LI TZDZENMERSI N, 728, N9 OFKMEICB WU IEEITHZE TN TARZE
{EBEASEE R L7223, ZAUTHERTON TARZALDY 10 pm VN THoT2 B2 5
N5, £z, MEZOM TAERZLED 10 pm FREIZINESTWDZEND, ITEIZLD
INTADEERIIM N THLEHWT 5.
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Table 6.12  Grouping of temperature measurement points for simulated cutting tests

using the All Pair method

Group 1l | Group 2 | Group3 | Group 4 | Group 5 | Group 6 | Group 7 | Group 8
Chl Ccha Chs Ché Chv Cho Ch12 Ch13
Ch2 Ch10
Ch3 Ch11
Ch8 Ch16

Ch15 Ch17
Ch18 Ch22
Ch23
Ch25
Ch28
Ch29
Group 9 | Group 10| Group 11 | Group 12 | Group 13| Group 14 | Group 15| Group 16
Chi4 Ch19 Ch20 Ch21 Ch24 Ch26 Ch27 Ch30
Table 6.13  Combination of temperature measurement points and experimental

constants determined using the All Pair method

[ 1 2 3 4
AT; Ch.4 Ch5 Ch.9 Ch.13
a; -1.42 -171 3.00 -0.19

93



Table 6.14 Approximate results of machining diameter change using the All Pair

method
Vaiaionin diameter Average in diameter variaion Standard deviaionin
(Max-Min) [pum] [pm] diameter variation [pum]
No. Without With Without With Without With
compenseation | compensation | compensation | compensation | compensation | compensation
(Measured) | (Predicted) | (Measured) | (Predicted) | (Measured) | (Predicted)
N1 16.0 9.4 59 2.6 4.5 2.1
N2 8.0 7.8 1.6 1.6 1.3 1.2
N3 21.0 13.7 13.3 8.8 4.7 2.4
N4 15.0 125 9.0 3.0 2.8 2.4
N5 20.0 19.7 8.6 4.8 5.8 2.7
N6 21.0 135 11.2 4.6 6.0 2.6
N7 17.0 155 7.1 2.8 4.3 1.9
N8 12.0 10.0 4.7 18 2.1 14
N9 8.0 10.7 16 5.2 1.1 25
N10 18.0 8.2 13.0 44 3.7 2.2
N11 23.0 12.6 10.3 6.8 5.5 2.8
N12 10.0 7.5 2.6 4.6 1.6 1.7
Average 15.8 11.8 7.4 4.2 3.6 2.2

6.4.2 AllPair ZZRAVWERERFAXICLSIWENREER

6.4.1 I THIMWEN MRS All Pair %2 W BVETE T HIRUZOWT, REL
T=BVER TR ER 6.3 DSOS L ClEH 52T, ZOH AR T
. kGl T HRBREAFIL 6.3.2 THEFRRIZ, & 4.2 OEBRGHEE TR ELZHRRS:
b, & 6.3 LEMETHEMERINLTEY, BIHIMAZER LWL L, L2,
L3, L4, L6, L8, L9 D&M, GIHIMZE 4 258A13 L3, L5, L6, L7 D&MAF23F%4
T2.

ZNHDFRMFIZHILT, 6.4.1 HTRELIZEBER PRI ZwEH LI RE R 6.15
(R T. £ 6.15()BLUOIT/RT IO, YIEIHZHEHL2WiGE o TRZ I
(A E I TR, SIHIHA 32356 O TARZELIEAMED NI R
Lo, 72720, & 615007 E91Z, S L3, 5L, L6 (T 2\, L2 k&
(£10 um BA FE/NEL, fiEZROIN TARZENED 10 pm BEITNESTWD. Fe,
[ L7 DEMITDONT, & 4.10(b) [ E DM EZITA DT LRI,

PLEDOFERD S, XT-8 OFELIHIFERIZIV TS,  All Pair 5% W CTEVER Tl
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A RIETDFIEL, 4 FITBTDFZBREHIE TA T THIAZ R E T 5 FIEICH
LG, B E i EE 18 R D 12 SRAFICHITL 235, FERETEEEZ WD TES
[FIRERE DM IEN RGO ND T EAMERR LT,

Table 6.15 Correction effect of the thermal deformation prediction equation

determined using the All Pair method.

(a) Without coolant

Vaiaionin diameter

Average in diameter variaion

Standard deviationin

(Max-Min) [um] [nm] diameter variation [um]
No. Without With Without With Without With
compensation | compensation | compensation | compensation | compensation | compensation
(Measured) | (Predicted) | (Measured) | (Predicted) | (Measured) | (Predicted)
L1 25.0 24.2 6.7 8.3 3.9 54
L2 11.0 6.4 6.1 16 25 0.9
L3 14.0 111 5.3 5.3 3.3 2.7
L4 19.0 11.7 7.1 5.2 4.3 2.9
L6 13.0 6.7 7.6 34 31 14
L8 20.0 8.6 4.7 16 3.0 1.0
L9 23.0 18.6 116 55 7.0 3.2
Average 17.9 125 7.0 4.4 3.9 25
(b) With coolant
Variationin diameter Average in diameter variation Standard deviationin
(Max-Min) [um] [um] diameter variation [um]
No. Without With Without With Without With
compensation | compensation | compensation | compensation | compensation | compensation
(Measured) | (Predicted) | (Measured) | (Predicted) | (Measured) | (Predicted)
L3 9.0 12.9 2.2 2.8 21 19
L5 9.0 105 55 5.1 2.1 2.3
L6 9.0 114 25 6.5 1.9 2.4
L7 17.0 13.3 10.0 3.8 3.7 2.0
Average 11.0 12.0 5.0 4.6 24 2.2
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6.4.3 AllPair iZEZFAWVE-RREEICHT 50 EER

6.4.1 HHOKERITHL T, 6.3.3 HEFERRITHTERN RIS L TOTEBERE1TH. £
6.14 OFEFIZKIL T, (6. )EFHW TN LREDOHEEELIT o7, ZTDORERE R
6.16 [Z~7.

Table 6.16 Predicted results of diameter variation

(a) Without compensation

Diameter variation (Max.-Min.) [um]
11 | 2] 3| wa]l s | 6] 7| s ool Lin| L
Mlerted 160 | 80 | 210 | 150 | 200 | 2.0 | 170 | 120 | 80 | 180 | 230 | 100
Prf:;';tted 178 | 88 | 213 | 152 | 188 | 186 | 165 | 101 | 83 | 190 | 235 | 109
Prediction) 1o | 08 | 03 | 02| 12| 24 | 05| 19| 03| 10| 05| 09

error
(b) With compensation

Diameter variation (Max.-Min.) [um]
11 |2 3| walus|e] 7| s Lo Lol Lie| L
Mf:‘jlrted 10| 86 | 131 | 75 | 149|154 | 60 | 83 | 120| 91 | 171 | 54
Prﬁ:;'ﬁltfd 16| 82 | 128| 7.8 | 136 | 138 | 60 | 66 | 127 | 102 | 181 | 7.1
Prz::ztr'o” 06 | 04 | 04| 03| 14|17 00| 17|07 10] 10/ 17

# 6.16 D)BLOOIIRTIINZ, K(6.)EHWLZETUIEImARE LW
B, 755 A O TEZAIEZ L) RAFICHERE ATRE CHLZEN RSNz, 2D
EEDIRERIFARIL ay DIEZZE 6.17 12, RFZ LIz 7 vy MLIzb D% 6.2 12
AT 6.2 RTINS, I am OIEIIAH EIZL > TIERJRL CTERY, i ER RS
BNTWDZ LRSIz, FIRERYRERE ay (I2OW T, ML B IRV TK
YERT D K/ NBEFR AL L THRY, AR -2l B IC X D B L 5R 2 T 7-b Dk
EROND. TZEL, MERTOIRERIFIREL 0y 128 B $5L, 3 KEEZROTXTD
KT\ T, EORDERDIKIEITHT L T—ERITELL TN END, KT
RHAERMNAEC TWDEZZBNLT-D, HEDPLETHD.
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Table 6.17 Regression coefficients and intercepts

am ajj [um]
[um] | @a1 | @a2 | @p1 | @2 | Q3| @c1 | @co | Acz | @p1 | @p2 | @p3 | Qm | @2 | g3

Without

. 116,58 3.06( -3.06] 0.99( -3.10] 2.10| 1.26| -0.85( -0.42| 1.12| -2.15| 1.02| 2.10| -2.70| 0.59
compensation

With

. 110.76| 1.26( -1.26| 2.50( -1.04| -1.46| -0.50| -1.08| 1.58| -1.53| -1.97| 3.50| 0.19| -0.79| 0.61
compensation

—o—\Without compensation

—e—\VVith compensation

o (6]
T

Regression coefficient g; (um)
an

-10 -
m Al A2 B1 B2 B3 C1 C2 C3 D1 D2 D3 E1 E2 E3
Combination of factersi and levelsj

Fig. 6.2 Regression coefficients with and without compensation

6.5 All Pair 5 (2HIT 5D S 5745 HAEREHER DR ET

PL BTl ~7=1512, All Pair (£& VA2 LT, EERFHETEEZ VD 4 O FIEIC
LT, KD E DTS R B2 BVETE T 2 8 7T RE T D T LA fife sl
L7z, ZAUZXL T, 6.3.3 BEW6.43 THTHEMLIZELENG, WE L THIEAE H
A EIC LD BT, N T BLOKES LICENMFIET HIEE MR L. 2079,
TR EZH WD RFBLOKEDOF NG, TRIFEREIZEAEHA L2 DO
BNTH, FPRFERBIOW IER BRI TR AT BN chIETHRIND.
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ZITC, AEITIE 6.3 B 6.4 HiCHEH LM 1E AT O B [FUR R I ORE a2
2, BB/ NS RBRSEAHIEL TP R AR E T2 LA HET .

6.5.1 XT-6 xR &9 HABRBMAIRDRET

ARIETIL, EY AKX 6 AT DI XT-6 2K 512, 6.3.3 TADE 2% FLITHABREL
HI AR 5. X 6.1 OFERBIO 633 THOBLERLY, INTES C BLOUnTHE
B D OmKFITENT, MIEICLDEED/NSNWZEDHERSNTND. ZDTD
ARETIIZNOM KA -0 BRFE DK EZZRINL, i@/)\éﬁt@%ﬁ%ﬁﬁ%?&%ﬁﬁ%?ﬁﬂfﬁ%
RETDHIEEMFTT 5. BIRIIZIE, £ 6.6 DFEREXIRIZ, K1 C, D MHIERL
TREE DK MR, BUMET I TEOM A RSB 0D, 4 ETERRELI-FIEE
HWTEEIE T RIEEIEL, £ 6.6 OFERITH LU THIEZTT. ZORERICHLT,
6.3 HiT/RL7z All Pair 5D 12 FUENOIRE LTZBVER FRIRICL A IER R LD
ATV, D4 E R 5.

6.5.1.1 EF C M oBREDKEZRIRL 55

AETIE, K6.1 OFERICBWTIK T CIZE B L, BREHEIEE R 5. [FXIC
BT, MIERTD Cl BLV C2 DIREEIFAREL ay IXFFRRE THHZEND, KAEM
DR OIEE AT DB TAKYE C2 ZIRINL, RIKUEIZRDDREREFR V-
FERDHEETE TRIREREL, ZORERE W THIEEZ T 7256 O E K%
RETT 5. % 6.9 K10, K C2 25 L3lBRIZ N2, N5, N7, NI12 D 4 D Thb. Zhb
RS 8 =i, 4 BEERBRIHEBIEAFIREL, 6.5.1 HOE L2 GBI A
BRET 5. & 6.18 I[TIREERIE RIBIOVEREE, £ 6.19 IZ ERO THIRAEE 6.6

(ZE LT R A m T

# 6.19 \TRT IS, FIEZITHZE TN LARZIE, I TR b R L OEHE i
{725 D FHMEOFHIE T X TIZBW T, ZOFEMEIME T 220 RS-, £
7z, # 6.6 DFER LT D&, i EDRITBREHNBGRTE R E Th o7z,
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Table 6.18 Combination of temperature measurement points and experimental
constants determined using the results of the All Pair method without

the C2 condition

[ 1 2 3 4
AT; CH12 CH14 CH15 CH22
a; -0.92 -1.01 0.47 191

Table 6.19  Compensation results of the equation determined from the test results

without the C2 condition

Variaionin diameter Average in diameter variation Standard deviaionin
(Max-Min) [um] [um] diameter variation [um]
No. Without With Without With Without With
compensation | compensation | compensation | compensation | compensation | compensation
(Measured) | (Predicted) | (Measured) | (Predicted) | (Measured) | (Predicted)
N1 10.0 6.5 19 24 24 13
N2 13.0 13.2 3.2 2.1 2.2 2.0
N3 13.0 6.3 35 2.2 2.3 15
N4 15.0 6.4 3.2 1.4 3.0 0.9
N5 19.0 7.3 6.5 2.0 25 1.2
N6 12.0 6.6 3.1 1.9 1.8 1.2
N7 10.0 7.0 25 2.8 15 15
N8 14.0 9.2 3.6 1.9 24 1.2
N9 9.0 6.4 2.8 2.3 3.0 1.6
N10 14.0 7.0 35 3.6 24 15
N11 5.0 4.9 1.8 0.8 13 0.6
N12 12.0 7.1 3.0 1.6 1.8 1.1
Average 12.2 7.3 3.2 2.1 2.2 1.3

6.5.12 EFDMOEEDKEZHIB LGS

AHTIE, £ 6.6 DFERICHLT, K 6.1 DFERICBWTH T DICHE AL, Bk
I Z 5. RSBV T, MIERTO D1 8LV D2 O EEYFARE a 1 XFR
ECHHIEND, KEMORERGAORA MR35 H A TR D2 Z38RL, [FK
KR D DRBRA PR TR RN HEVETE PRI AR EL, £ ORE A2 Wi IEE
T2 A O IERN RA AT 5. 3 6.9 KV, /KU D2 25 TeikBRI% N2, N4, NS,
N12 D 4 D ThD. ZNHZEFRS 8 &5, 6.5.1.1 B LRARICEEREHZ 5
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%. £ 6.20 ([TIEHE RIBLOFEBRER, £ 621 (I LD THIAZRE 6.6 (ZEHL
TR RAERT .

F 6.21 \IRT I, MIEAITHOZETINTARZLE, I TAZ b Bt L OB v
W ZE D EEMEDOFH/AE 3R TIZBN T, ZOFEEMEMEI T D2 e fB sz, £
72, % 6.6 DRERELILET DL, M0 RITFBREH BT R Th o7z,

Table 6.20 Combination of temperature measurement points and experimental

Table 6.21

constants determined using the results of the All Pair method without

the D2 condition

[ 1 2 3 4
AT, CH12 CH14 CH15 CH22
a; -0.84 -1.27 0.42 213

without the D2 condition

Compensation results of the equation determined from the test results

Variaionin diameter Average in diameter variation Standard deviationin
(Max-Min) [um] [um] diameter variation [um]
No. Without With Without With Without With
compensation | compensation | compensation | compensation | compenseation | compensation
(Measured) | (Predicted) | (Measured) | (Predicted) | (Measured) | (Predicted)
N1 10.0 6.0 19 22 24 12
N2 13.0 125 3.2 23 22 1.6
N3 13.0 6.5 35 3.1 23 1.7
N4 15.0 6.4 3.2 1.8 3.0 1.3
N5 19.0 74 6.5 1.7 25 1.1
N6 12.0 6.6 3.1 22 1.8 14
N7 10.0 7.0 25 2.0 15 1.2
N8 14.0 9.8 3.6 1.8 24 1.2
N9 9.0 6.8 2.8 2.6 3.0 1.6
N10 14.0 74 35 29 24 14
N11 5.0 4.7 1.8 0.8 13 0.5
N12 12.0 7.3 3.0 1.8 1.8 1.2
Average 12.2 74 3.2 2.1 2.2 1.3
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6513 KECQBLUD2 Z2RIEICHIFE LI5S

AHTIE, 6.5.1.1 H, 6.5.1.2 B TERLIZ/AKUE C2 BLO D2 O KHEIZEIH A
B BRWERE R DRETE THIXEAREL, ZORERE AT IEZ{To 72856 O
FIERRAERFTT 5. £ 6.9 K0, K% D2 251035 I% N2, N4, NS5, N7, N8, N12
D6 DO THD. ZNHEFRL 6 =D, 6.5.1.1 H L[RERICRBREH A MG, £
6.22 \ZIRENIE SB L OFEBRES, £ 6.23 I Lo THIXEE 6.6 (T AL
R,

Table 6.22 Combination of temperature measurement points and experimental

Table 6.23

constants determined using the results of the All Pair method without

the conditions C2 and D2
i 1 2 3 4
AT, CH12 CH14 CH15 CH22
a; -111 -0.43 0.30 1.79

without the conditions C2 and D2

Compensation results of the equation determined from the test results

Variaionin diameter Average in diameter variation Standard deviationin
(Max-Min) [um] [um] diameter variation [um]
No. Without With Without With Without With
compensation | compensation | compensation | compensation | compenseation | compensation
(Measured) | (Predicted) | (Measured) | (Predicted) | (Measured) | (Predicted)
N1 10.0 7.8 19 29 24 15
N2 13.0 13.9 3.2 23 22 24
N3 13.0 6.3 35 1.7 23 1.0
N4 15.0 77 3.2 1.9 3.0 1.3
N5 19.0 6.8 6.5 1.3 25 1.0
N6 12.0 6.3 3.1 21 1.8 1.3
N7 10.0 9.8 25 5.2 15 2.3
N8 14.0 9.9 3.6 34 24 2.3
N9 9.0 6.9 2.8 2.7 3.0 1.6
N10 14.0 6.6 35 2.7 24 13
N11 5.0 4.5 1.8 0.7 13 0.5
N12 12.0 6.5 3.0 1.6 1.8 1.1
Average 12.2 7.7 3.2 24 2.2 15
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F 6.23 [ IR T IONG, MIEEAITHZE TN LRZbE, I TAZA L B L OB E vE
75D E-EMEDOFARE 3 X TIZBW T, ZOFEIEIMEI T 22D e Sz,
72120, ZNHOFHMIEIXE 6.19 LUK 6.21 ITHLTKREL, 2K 6.6 OF5RE
HHET 58, N7 SRR W CTHIESIR B E B R ThoT-.

6.5.2 XT-8 xR &9 HABRIAIR DR ET

ARIETIE, YA X 8 AT Dlief XT-8 X512, 6.4.3 DB L% B EK
HIB AR 5. ) 6.2 OFERBIW 6.4.3 HOELRLY, N+ B,C,D (Z2oW\W T,
M EN R OEEIZ OV TR Z DR TX7eh o7, Z 07, KIATIE, #iiE
AT EBFIREL ay 128 B L, KUE 2 EKHE 3 DD/ RE T C b, KAEDIF
ZHEPRT D728, C2 ZHIRL T, VD EORBRNSEETE TRIAARETHT L%
et 2. & 6.9 10, K¥E C2 25 TealBRIT N2, N5, N7, N12 D 4 O ThHD. Zhb
RS 8 SofED D, 6.5.1 HEFRRIZAVE L T RIXAREL, £ 6.14 OFERIZHE A3

HZETHIERN B OMERZAT -T2, F 6.24 ([JIEJERE MBI OFERER, % 6.25 |
RO TR A U7 S A T

£ 6.25 [ZBWT, INTARZLIE, T L &OF-EIfE R L O R 203
TOFIEIZ VT, 2B EA I ERT IR 22 &0 sz, 7z,
ZNHDOWEIEITE 6.14 ORFIRLAZTFRFRE THY, D EORBENO THHLZED
FHIENR DB FONDZENFERINIZ. 727120, NS IZBW T, fiEZ{THoZ8T
INLAZEAGIR S IE R T Db Lo oTe.

Table 6.24 Combination of temperature measurement points and experimental
constants determined using the results of the All Pair method without

the C2 condition

i 1 2 3 4
AT, CH1 CH9 CH16 CH17
a; -0.10 131 -2.68 0.61
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Table 6.25 Compensation results of the equation determined from the test results

without the C2 condition

Variationin diameter Average in diameter variation Standard deviationin
(Max-Min) [pum] [pm] diameter variation [pum]
No. Without With Without With Without With
compensetion | compensation | compensation | compensation | compensetion | compensation
(Measured) | (Predicted) | (Measured) | (Predicted) | (Measured) | (Predicted)
N1 16.0 8.7 59 20 45 15
N2 8.0 7.4 1.6 14 13 11
N3 21.0 13.2 133 8.6 4.7 25
N4 15.0 14.6 9.0 5.6 2.8 3.6
N5 20.0 22.3 8.6 6.3 5.8 44
N6 21.0 13.2 11.2 4.7 6.0 3.0
N7 17.0 14.7 7.1 24 4.3 1.8
N8 12.0 9.3 4.7 25 21 17
N9 8.0 10.9 1.6 5.2 1.1 2.6
N10 18.0 9.0 13.0 4.9 3.7 24
N11 23.0 10.7 10.3 4.8 5.5 2.8
N12 10.0 6.3 2.6 3.7 16 15
Average 15.8 11.7 7.4 4.4 3.6 24
653 EE

6.5 HiCHRZE L=, All Pair 5 THEMLT- 12 S0 EUIHIFRERE RIox LT, K7
N DK AED N TAEZAHE (Z ST R B AL, £ O Rz R 2 S5 12
I 2 FIEZRETLZ. ZOREE, XT-6 ([CBW T, BEFEEZHOTRELE
BETETRXAEFWLZET, BRBRE A 12 504000 8 FRIFICHIRL 236t H
IHTE FRRE DM IEN AT CThOIEE MR L. SHIT, AT DK EEZEEIC LT
B4, RBRIFEMEE SOICHIB T D2 EMRNATREE 72503, M E T HIRATIZ T
RTF A2 MRS, T2, XT-8 2B WTE, XT-6 ERERICHIEATTIZ LN
AIRETH LD, —H ORI LARZALIE 2 ERTIZ A~ THY R T 585 1A
MBSz, ZAUX, XT-6 TITHIEICLDRENK 7 Z L THfEIZ 2D, HIFRT
TOKMER R G R E CEI-ZEITHL, XT-8 TR IO IEIC LD BN BT
RFRFRETHY, KIEOHNBIZIDEER XT-6 LOLAMICHNIZ0EE 2 HND.
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F72, B 6.2 1I2BWT, MEATORERIFIRE aj 1I2& BT 5L, AFWNIZBT5%
NHDOFR/NBEFRITARIEITH L T—RRIZE L T2 s, K7 HICR AEH
NECTWDEHERIS D, 2072, XT-8 T EICL DO 2NN 1 THED
T, AKUEHIBRICE DM N ROIE TR RbNEE 2N,

PLEDBLNG, WU K AELRINT D2 ENHRAUE, All Pair (E0DSHIZEER
T B A HIE T D2 LI X AT RETH DA, MEBREMICH WD T2 oW T, R EAE
HANES EUVNIMSLER D IO E T AT EDRAIHESRIETHD. iz, REIZBIT DM
FHE, All Pair YEIZHIWD 12 SO RN T ET D282 fREL, £D
T RATKE T D M R DHIT T DK #EARIN L7z BT, E L7 THIZBEFD
FRERAE SRR L Cl 322 L CRIERN R 2 R T 2 S B72 FIETHEML T2,
DI, NI YEE FRTNCHIEL TSR U7 BRI 5BV T T &
T2, AKBET REFIELL, HRVERDTRRMIENEZ 2 H1LD.

LLEDZEND, All Pair IENDREBED /NS K HER AR < 2 & CRllR S i 254 B3
DARFRR TR, BB RPFAEL WK B CIIKEDR TEAM TR 72Nk L, 2D
A HAMEMEGR T 27-DIT LV ZLORBR I A LEET 52D, EHTLIEIE
BLEMTITL, DLARFBROKEZBUNIHRE T HIET, K@k EREE
P RRERE T HIENEE THLEM M CED. 72721, 6.5.1 HIBLT 6.5.2 HIZ
BT, RERKHEIZIL C2 MBIRSNLTWDIEND, IR BRRE R B HEHT
WHEEE LU T B i 2 DRI D2 B A XIS L L, 22 DR T3 LUK HEA-§iE
UNORIRCEIUE, FRNCKEZHIRLIRE THA A B AT 25 THIA R
EFRE THHEE X LIS,

ARETIE, All Pair 52 WAL THIRORE FIELZREL, 4 ETRELL
FERFEEZ O DI B 2 TR [FIFR B O IEZh R A, L% FIHIEER)
BDIRERRE CHDHI LR LT,

E7o, BONIZRBE KA OHTL, MIEDREINNSIKEEEZE LT, SHITK
BR FEMAL A M D2 LA RFIL 7D, AR R TFIEII S ORHREFE L EET 57
W, FMGEEIISCTZ KT B L UOUKELZE O E T HETEEE T E S5
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R AL T DZENIVEETHLH I L2MERE LTz, SR IIINOD R B LUK HEE
WEYNIRE T D120, N+ FIITAFOFHIEE L T, UIHIEN )& E 172 E D
TARNF—ITE BT DI 5.
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oo S — 3

ET1E R

AT, TR OBER &2 THIL THIET 228 T, BVERICE>TAED
HINTRAZEA IR T 22 8% B WIS, TEEZ X 51875, A OB E O
ZEACDAHIE RN SRR 6 U Clii ] ATREZR BV T T A, DR B FEfi 2 &~ T
RIRE T DFIEERE L.

FT, RIS TN LS e 2 xR E LT BV TR A R E 5720,
DIHIAR R A T L, B AR D BV T 2 Bl P B 8 LB IR RN D2 2
DR T TMSIIZEVETE TRIA R E LTz, b0 TR O Tz 2k
OB T RXELT, YIHTRAE A LZRWEM: FIcB W TERL -2 ORBR T
Z ORI RAE B L. WIS, W TR #0283 5720, GIEIhZ 6
MU= CoE L 7= ZUIHIRBRIC KT L Tl A L7223, fiiE2 B2 Z8IXR#ET
Holz. T, YIEIMAE AW =Skt U Rl R rlse 95726, T
KPR EREBE BN TLZECTALE TRIREMET 222 R, ZOH MM
ERERLTZ. LU, ZOFEIZOHIMAE H ORI Lo TR EAREE DIV 2 540
ZRDY, VAT SO FHRFD N IS AL ZE TR H D200, &
TR L DIED IR 2 A BT, 8RS0 H ATRB AR IEAR £, F2BRAHE
EEAWDZETHRIKRETHFELREL, RTHREZHNWDLZET, RIEHRE
U EEZ DA ERIFEE DM ENMTA DI MR L. 7ok, Lo ETIRL,
F TR RS TERY, IREHE R BAE T T RIKOAIE BN RESNTNDD
EDRETH 7=, TDT-D ARG L TIEEBIT, THONSTZHIFE D72 FEIRIZ AL T
DL B9 ] ATRE 7R BAVE T T IR A R E T D2 FIELIREL, FORIMEEZRLTZ.
FERETEEZ VD56, BB 26K D72 [ B hiE ] o T2
NE BRI ZA TO BN H-T203, REREEITT T 288D 720y All Pair £
EHWHZET, PRIADE LB BRI e L0 e 2L amRgs Lz, S
BIZ, ZNHORERGEREZ I T2 8T, M LAREICE 2 DB /NSIR R 1%
FrEL, ZHUCRDLREBRZ RN IZGE T, RIRREOHIENMTA A LA fERL,
TR TE DI DB/ DN AT REE A R LT,

K SLCHELNIZfEma 2T 58, LFOEBY THL.

(1) HERRY/MED CNC izl G L UT- VAT T IR %, UIEIREEE RS R D
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3)

(4)

()

B AT B C R P B OB S LI E N E IR E T A EE R L. &
DGR, RELTZEETE TR, DIEIM A2 L7220 FIZR W TERL
7o Ml 2 DM CHEHE L7 EUIHIRBRICB W T, I TRE bR BT AT HE
ThoHZEataB Lz, LinL, R FRIZITEIHNRE O ZRWERRICR L TREAFC
B Y REATHIZENTET, RS~ HBREE ChHLZ LN Iz,
EREDOBETE FRIFUCKT LT, RIERBAE S AR AT HZLTRER T
HRARIEL, GIEIMZAE L2 SR U TPl A @ rTREE 32282 1
AL, ZORER, I Z 7 2 U HIRER RS R o Dl 2475 2L Tk
ELTBOERBAE WD LT, BTG TRIEAY, 1 4 0 2 C 30 L 7= B A1
AL 72 FZOHIRRBR I BT 500 LEZ A RAFIZ PRI EE ChHDZ LA TR
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GIEMAE DA THEZ U 2 TOTEBIERRBUZ DWW T, EO B R 217928
PR MEJA WSR3 LTl FH AT RE 2R 2 S R LU E T 028 et L7e. EhR
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ToiBRRE R T N T LIRE LT BRI E AW BV TE TR, SEBRGTH I
DERAETZT T, TS O ST I L7 ilBR G RIS L Th RAFIZIN L
BEANE TR T HZENATRETHLIEZHER LT,
INFETHGLELTE, FANZ 7B TIc > T, BV THIX
ROV I E SR TE L T DR CTld7e<, tgltk 4 72 il okt LTI
(T ATRE R AT T IR Z R E T2 FEL R R L. Bl U CERL
BT RIS LT, A LOBEEN ST NV —T 53T 51T, ZD7 )V
— 7 ORI ERNE S OREKE R ZHAGoELH2ET, AR T
BERZREL, DR DEER THRAEIRT 2L LU, FalBRI X
ZAVE TIRBRICFEBREHENEL FHWCIREL, BIARMAE oA il Z&0F T TEi
Zh 9 FUFOERUIEIERBRZFEMELT-. TORERE, Flhth A X0 B2 H 8Ok
ARIZXLC, REFIEICL S TRIKRELIZAZEL PR, BAFIINLE
ZAbE TR A RE Ch DL L a MR LT,
FEERFHENEIC BT DR LK EDHIKIC IS T, I H oA O EZZ
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GIEM OB E B G U DOR AL T2 T, R FEEE 18 &b
9 SFICHIN T D2 LA METLTC. 9 RIFOFERNOIRE LTV T 1I1=0% 18
S OFRBRARE Rl LGl L7228, — IO REBRClran T2 LA BAFZ T
THIEWTER ol 2L, BIHRHOREELZE LK 2B\ T, D
BRRELTRFE DK R T &E 2 bD.

(6) HIFKIDIFIET D EBREHEICKILT, KA HEDE W All Pair EEAVLZE
T, KOV EORBRD DR LLSBER FRXERE T HFIELRFLEZ. 20
fEAL, BIHIMOREAL BB LT 12 KO IEmNLEEE TR, 18 &
TEOFRERF iz T T D RGN EE W35G LR E O TRIA A HEThH
HZEERFERL, RFIEEZHANWLZETIVNFRATEZEI T 7205 E Al EE
bHHZEH R,

(7) All Pair {E& HWWZEVETE T RIZNO U E FIEITKL T, EREFENEICKIT D)
BT S T 202 F2 ML, I LA I KT T EO/NSIaliia 4 <
ZET, BT T A B R A SOICHI T A e A ME L. £
fi, BRI A 12 RS 8 FFRREETHI S22 LIT R THDN, T
BIREEE DN 2D B LT AT LRSIz, — 5T, LR HriERos, INTE
AT U CHIN A D EN NS T H9 DI 2 B S LT,
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IZBWTIE, EIROIDNCERF N AW T HLHIEM DRI TEIY, 2 kY
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