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Abstract

Manufacturing skills are in constant progress, which make the demands of the
precision and efficiency of CNC’s machine tools higher and higher. The major
inaccuracy occurs while the machines tools are cutting, which produce thermal
displacement compensation due to the structure being heated. Thus, how to reduce

thermal induced deformations has been the most urgent and needed problem to solve.

Over past years, many methods of redueing thermal induced inaccuracy have been

used, such as traditional met f main sha‘ft’s’ limited elements, regression analysis,

and nerve. These methods men: ned‘above are to establish patterns of thermal induced

inaccuracy in the static state, ‘which is supposing that the main shaft’s thermal induced
deformations are only related to their current temperature and regardless of the impact
on their temperature developments However, the current malnstream approach is to

1al induced deformations produced by the

machinery operatlons.

In this thesis, we proposed a feasible approach on the main shaft’s thermal induced
deformations to precede the development of a new generation of compensation modules

to conform the main shaftf- | the compensatlon mechanism of feed shaft,

which confers the thermal lnduced deformations actiial process of a cube integrated
processed center machine. Firstly, the meehanlsm collects NC variables to get the info
of thermal induced deformations. After the set time of main shaft’s spinning, the
OMP60’s standard slip gauge to measure the main shaft of the machine tools’ value
changes caused by the thermal induced deformations. It will promote the proceeded
efficiency and increase the additional value, and furthermore the international marketing

competition.

Keyword : CNC’s machine tools ~ Spindle thermal displacement compensation -
OMP60 ~ Standard slip gauge
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T NARARABREAER KA R

:% " i

P30 B3R 5 4 B A

Imamemsz
Rt: &R (76mm) -~ & & (63mm)
FaERl |+m Qo)

W B XY T @)

FEADLAN B 30.75N

BN E(ZFE): | 52N
AE S &) +X ~ £Y ~ +Z
TS
el 2 18 AA M %423 8(LTC)E
DuA
FeHiTRE: XY & =2>+18° +Z A =211lmm

(B K 3] A : Renishaw OMP60 T # & 8 % 4 + X & 47 & #)
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3.1.2 OMP60 # ¥ & OMI-2

7 e .

REA A

) 0M12 :
OMP60 L # B #l % % ¥ X # it & #)

360° transmission around

75 S 75
. probe axis in metres {feet}

OMP60

i ; Optical
2(65) ¥ 15" centreline  15°

5{164)
6(19.9)

Typical plot at 20 °C (68 °F).
Dotted line represents operating 60" 6(19.9)
range with OMP60 low optical power. 7B

3-3 OMP60 #2 OMI-2 IRE/E & E X A &
(Bl K 3| B : Renishaw OMP60 = 4 & 8l 4 % ¥ X & #F & #)

5(16.4)

w
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£ 3-20MI-2 M ZERA X

HEE— B A~ B

Window

ym= wThEL-

O 9534 27 748 AL R 38
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F$E=  RRE @K

(.

rdi i

P

Switch 1

w8 N LIRS K

B 2

c & g

| ; b x

=° 5§ K
Puised NO NO  NO 235 AB 50K AR

T ON
SARERELETHMN
ON
3 4
— | | | P
Level NIC NIC N/IC 4'5‘- = :ﬂﬁéﬁﬂ—% ﬁﬁ
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Switch 2

Factory settings shown
are for: A-5191-0049
A-5191-0050

PROBE STATUS 2a/2b

MACHINE START

START
START RANGE

Pulsed Level Auto 50%

Iy R

—— | L5
Level Normally Pulsed Machine 100%
low

1R SE 3SR AT 5K &

2RI SAINIRAG K B

3.M code B & X,

4.— R 8 I X,

SARIRH i BE AR

OMI-2 JE5RAE

1 I
N

HL e EE R =R gEo. Zzzﬁ?

T SRR i; "
BERRE: e heiial
LIRS B ey B8 A

B 3- 4 OMI-2 % 5%

(B K 3] A : Renishaw OMP60 T 44 & 8l 4 &4 F X347 E#)
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3.1.3CNC X AT ¥ o #

ATHILA — CNC 3 & o T ¥ & # (LV117 - Pinnacle )R » H&#H

@ 3-5 AT Rk 33 AR -

B 3-5CNC xz K e = F S &

(BE3IA: &EMHEMEA MRS http://www.pinnacle-mc.com)
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£ 3-3LVI17 XA T F SR

7 5% Model / #.#% Specification LV117

T4 & R~ (mm) 1300x700
FREBX XY xZ mm) 1140x710x610
E#A X 'BT4Q

£ Hryig(mm)

070

EX TR VY 17]:;(11’111'1) e
| 40~8000

£ HiR(pm) AF X

MR EXIY/Z 8 0 £I%) 3030124

b4 % (X/Y/Z 4 mm/5y)

. 19000'

B EFANUC)

AEBR EES
MR LAY 71E A
NE#HE(XR) 24

71 B 5 K & 48 (mm) @90

5 R 220V
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#25 E2(Kgs) 9000

16\ (&K x & mm) 3250x3080

e

(ME3 A & EHERA MRS http://www.pinnacle-mc.com)

#EFMN
1.z%%%ﬁ%%%é%ﬁ%&%&@%ﬁ«mwmﬁﬁ’&@

KRR RS - R K A® 190HB ¢

2.X# B Z %RE%‘H’@ i L,ngﬁi

3.Y $ (B E)R A @SRt 0 R 3Smm RAx W KA E o AR
MR -
4 X Y Z#EA C3@ 40mm RARAEG o

S.X-Z$hBERE 4Sm A TR AR BTHER -
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3.1.4 # 4 38% FANUC 0I-MD

1. FANUC 2?1986 # 12 A » ATEHREE T ARERSE LY
RABEREAMHE 7N 1999 SRR T BAERARMESRTZHMF
S A BT CZHBE O MEREE-—FmBAEKEBR K FANUC £
BHBRE  CHRWEBEARY - CHETHEHLREARL2ARTR
ECNCHEZHZA4 ARBEALBTHERS AR ERH

U EREERE -

ARV ERETHRREN L AR, STEEAIRABE CNC

i}

FANUC Series 0i/0i Mate-MODEL D

FANUC Series O 1-mobeL b

B 3- 6 FANUC 0I-MD

(B R3IA : 6BEAHEGHLREA RS

http://www.fanuctaiwan.com.tw/index00.asp)
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A -8R CNC
MAARBERLZALSI ARG ALY LBREMERT CNCHFHE

B DHEIL EEZABTFTE-HBL KAOAFRTEEME 7T0mm(k

HAEH)HAR AL CNC-

A H Mk PMC

Moo R R AR MER HREASE WML PMC

FANUC $ ylj ;‘ 4.5] B& E.;}t,i#k FSSB ‘ ::

CNC EHHAARSGARES SN X LRLEHHL $ 5 XE

Wk

T # % i % # ¥ i # FANUC /0 LINK

FANUC 1/O. LINK 2 &## 1/O 5t PM ,..f%i'$ FlXEe 1/0 @

%\Wﬁﬁéﬂﬁumyﬁ.
& 15 R R A
REHREH-—RAEERREBRY FA RRRAAGTERY

EHh - AHRAEBEFEARGEHTH -
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3.1.5 3%

RARGE L

1890 %4 » sy ML e T Bty —fr M T 433 H. Ellstrom» ¥ A #H % H &
BALZFTHMERR AR ERART - 2daNBERAHKEHRD
BxMREETAFRTH :‘%@'J%’«k 73";—%& 1898 # & Ellstrom F] #f F]

g4 Carl Edvard Johanﬁssoﬁg_ 2 i& tB" % ?'J Rl 7FF§JK THMRB o AR

ARARTHENEE - SEEAL 1901 £ "HEFRAAE , B

BH -

EAEHAREAFIFRALA  AAMS  mARELRA -
%AXEEEREA William E. Hoke 46572 2% A # Mot = 7 & &

EoRAAAEHARLS AKIFLIEROEARER -

RBRN G

RAXR—HBANBEFEANIRELAL TUAMKEEMNNRE
e RARFINREGELM LEMERBIMHETRAR  IBEBEFREAK
FEOAXNGYEF - HBRHOREREREANEANE > RBZ

IHBEER ERANFLALETHFR EAXA/FARFAE - - FwEHM
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B AARETURENGBK BRTHRAFHRS LA LZRMA

2ZEAEHR O REFMAHIHE -

0

BBEBFEUHTHN LELBARARTA -2 TRARAIABELE

AR LEEABRRT DR BEFREHHFBRT -

B 3-7#F£RA
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WE X 28 & V5
A ERFEB I FHEARSGEPHEE 28" LXK
OMP60 T 4 & @l A % * 4 OMP60 N A K E#H AE 71 B4 A (8 3-8)

+ .

B 3-8 T EAHME R

2EREHERL RA CHEETHRENIHAEE RERTH&
FALTEE > BRAYSRE -NIHNERMAMRGE ~ &~ %~
BEE G54 THERAER(R 3-10) A ERARARTHAMAELS

AR -
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B 3-9 % AE R

B 3-10 B ARE
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BEEAER PR S £ % 6000 Rpm % > BHEH 25 5
BB LEes EHRNDAAHEOMPOOEITZHMNREETR > EAR
%o vEHBAERAINNBARHKARAARTIEH T BRHUEA D

% 3-4 PR

%k 3-4 ERHEHEX

G17 GAO'G49 G80 G90.G54

G91 G28 Z0 |

TO1 MO6

S6000M03

G90 G0O X0. YO.

G43720.HO1

Gaxisoo. . B85 e

G91G282Z0 | o

T02 M6 IR EE T # % OMP60

G43 720.HO2 e o

G65 P9014 Z5. F2000. B RESHE L B E
&t 7 5mm &

G65 P9017 Z0. T3. Z¥RBAE

G65 P9014 Z100. F2000. 2=Bka% 20
3=k E R A E
2] 3 RAERE
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AERBHBREERZA 108 250488 T#%7 BER
B ERBG 2SS EAHBLRUEL HARS OB EHERE S ERAF

ANBA B 3-11 AroF ©

B 3-11 a4 X
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33AKKMAE
WRAZ 0 A EECEH S 6000 rpm B 25 S A RBAK
OMP60 > M/ EM > ANFAARIHHRRAER AR EAOH

BRI IEHNENCHEHF -

- #3% 6000 rpm

y

EAREARED

o e v
M ERIBEREE
= (o ;¢

B 3-12 E%EHE
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4.1 RBRERAHA

ERXMERARNBEIHAL L REKA I BT EX XK

B ME_HAFARBAIHMAMRNER -

N K E

QJS%ﬁémi",zﬁm%ﬁw0ﬂw4mﬂﬁ@4lﬂl

4-2) » gﬂ%%kZ%ﬁE;éﬂu’ﬁTi% ﬁﬁﬁﬂﬁ%%ﬁ
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B 4-2 P9k X E B2
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H# X

H 25 psEA -k FE KGR 532 3 556 MK (B 4-3 i B
4-4) MHEPNBAXEINAAEHN R E ABRNER IR BRATE
HEE BAGHAIBOER EZRANENIETEEESADAE
CEPEAREOEHEL AUAEHAEINEFTECANGHE

By v Bl e e

B 4-3 % X E 8-
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B 4-4 %X X8 8E-2
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BEEX X8

H 25 B Rl — R FEIKE IR 564 B S88 ey BAE(E 4-5 A0 B
4-6) EE X I ARAMEL  THEIBSEN AR ZEERI
o FABBMEYRELER  HEeABEOPLEA IR ERFEL X

BERER  TRHORABPRRLZEABNAAXNEIBR  KROW

€
k&4 0.15-

0. 2017

B4-5 A8 X EamBE-1
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42 KRB RAF X
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1.4 847w T A7 > 56 A OMP60 &R »—&%%é’ﬁéiéﬂé@f&#ﬁi % % 31 3-5F1
B RBANIESG L AmIBRETHOMERE -

QAR MILYG AT TEREHEG L  REHGRE B KRG
E -

3EAMMIIAZ T > Biv T TA » B OMP60 ERIZ A &
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