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Optical & Non-contact Data-transmission System of Rotating Spindle Temperature

by Adopting One-chip Micro-controller (2nd Report)
— Measurement Accuracy — l

Yutaka NAGAI, Kazuhiro YOKOYAMA, Takamasa SUZUKI and Takehiko KODERA
electric circuit board and the warm-up operation for electric parts is needed.
calibration, compensation, thermo-couple.

1.

This paper deals with the measurement accuracy superior than 0.05~0.1C for 0~50C range of the developed
#®

data-transmission system. To realize the measurement accuracy best, it is necessary to satisfy several conditions;
namely the calibration of the system should be carried out under several different temperatures or more and under
sufficiently insulated condition, the output of all channels should be compensated based upon the temperature of

Key wordsioptical system, datatransmission, rotating spindle, temperature, micro-controller, accuracy,
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Fig.1 Optical & non-contact telemeter system by adopting one-chip micro-controller

Table 1 Specification of the developed system

0~50°C
6, 200 data/s
(for only 1 channel)
8chx 700 data/s

8ch , 12bit
1 LSB=0. 0122°C

Range

Transmission rate

A/D converter

Max. difference in

temperature 0.10°C
among 7 channels*
Accuracy - -
Max. difference in
temperature change 0.05°C

among 7 channels*

Non-contact supply

Power supply or Battery

Power consumption

in rotating head
*0ne channe! is used to measure the electric circuit
board temperature for accuracy improvement

5V x (6.5~8)mA
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Fig.2 Calibration of the system
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Fig.3 Example of calibration experiment
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Fig.4 Experiment of board heating and its influence
on the output of the developed system
(;Non-contact power supply system from the end

face of rotating head)
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Fig.6 Influence of board temperature on the output of

the optical data-transmission system developed
(;after compensation for change in 0 wa in Fig. 2, .
non-contact power supply system from the end
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Table 2 Characteristics of the optical telemeter system

ey mv/°C Eq. (7)
ch0 | -0.9422 |@;=-0.5550 +0. 0132703 ¥, -7. 189E-08 2 1. 59E-12 44
chl| -1.0947 |6,= 0.5201 +0.0132326 ¥ -6. 129E-08¥? -3, 29E-12/?
ch2 | -0.0544 |6,= 0.2457 +0.0132540¥, —6. 584E-08 12 2. 97E-1214°
ch3| -0.4010 |6 ,= 0.0559 +0. 0133241, -8. 555E-08 12 -0, 06E-1214?
ot 25280 | o262, -10, 2080017 <2, 4E-125,
ch5| —1.1569 |6 .=-0.1830 +0. 0132604 ¥ -8. 009E-08 2 - 0. 79E-12 1]
chB | ~1.4250 |6 ,=~0. 0004 +0. 0132634, -7. 844E-08 )2 0. 98E-12/(°
ch| -0.9766 |6,=-0.1849 +0. 0132641, 7. 027E-08¥? -2. 31E-12 13

Vi' . Measured output voltage of ch i

A
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of Table 2)

0 v= 0 Faytaliran i ayly’ - Min Table 2

- €p; ‘coefficient in Table 2

Vo=V - ey (8,-25 +--(4) inFig5

=+ «(7) in Table 2

_ 2 3
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Fig.7 Conversion flow-chart to temperature
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Table 3 Selection law of the channel for

board temperature measurement

Electric circuit board No.3

0 p2 =25 °C ;Board temp. for ch2

AD594 for ch2 €, = -005mV/°C

;

Board No.4

6,4 =30 °C ;Board temp. for ch4

€y = [-25] mv/c

AD594 for ch4
a—

{ More accurate case ]
:9h=9b4=30°c

(EM: m_V/°C )

[ Less accurate case )
N 9b=9h2=250c
( ebz =-0.05 mV/°C )

(Compensation for ch4)
Vo=V + 25 (8,-25)

[Compensation for ch2)
V2 = Vz’ + 005( 9 b4 ‘25) ~

(Best compensation for ch4
10,20,,=30°C)

Vi= Ve + 25 (8p,-25)

(Best compensation for ch2
:6,=6,,=25°C)

Vg = VQ’ + 005( 6 b2—25) ~N

4 P
Difference | 0.05[6,,-8,| < @lebz‘eml
( More accurate ] I ( Less acourate ]
19.6
19.5
) 19.4
£ 193
5
& 192 —ch0 — chl —-ch2
[
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Ny -0-ch? -
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. Time min .
(a) Temperature measured by the developed system
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Fig.8 Measurement accuracy of the developed system,
which is driven by non—contact power supply
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(b) Measurement accuracy of the developed system
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(c) Measurement accuracy in an example of the best system

Fig.9 Measurement accuracy of the developed system,

which is driven by battery

BNTWA.

3.3 NyFURLRTFLDRIERE

ElEE~y FROBREROERE LT, a4 ANy
FU( Bk~ A U F 7 A ZIRENM 90mMAh,3VX 3 fEH(E
F)) x 2 RFIAEF) VERBWIHBEO/EEZH IR, M8 D
BAKERDE, B 9@ICRbND L 3IZ, BREBERD
BEEENNINOT, vr—Ir7 7y 7THEREN. B
BE2BR< &, BREABIR-HETHI 0T, EAMIZIE
F—HEAETEx 32, X 9@DEBEEDCRAEIZN 8(dn
BEIHAREVOT, B~y FTLICBEGREIFET S
Trdbas, Lal, B ob)FoEEELOREREIZON
T, ® 8L BEER—DHUEBEREGBLNTNEZ L 2%b
5. 2B, TOVATATEN 30 BEOEGRIESFIRET
Hoi-.

K 9(iziE, Ny T IKVAT ATCHERENRLRVWEE

BBIZERE Vol 69, No.10, 2003

NI | -El ectronic Library Service

1485



The Japan Society for Precision Engineering

KA BB N DOUFYT R o00Y MO- 3BV OGEMEERRONS NIEERT - 9REI R T LOWR (82 )

DEERT. UAr—IV 7T v 7THENEL, BEOKRRE
BLOBREELOBREZEOWTN L 0.04COREEEIES
nTnsd

34 REB LUV ERBOEESE

K2 nkdiz, AFEDY AT LAOMENERESRL LIV
FRT —F u FOREBXNEHRELLZEBH Y o 7 IZIZA R
FLTRAVWTWS., ZORBTCF—Fube@EsesLz
®%§ﬁ$H%@VX?AKﬁh5®T AHED T AT A
WZEBT—F0Y 7Y U TBILET — 2 ufOERY OFF
LT EZDONRRB.
it,%%ﬂ@ﬁﬁ%ﬁﬁﬂ%T/iADw4m®mwtﬁ
ITEREL CORBRMBROETH S —BNLHEIENEE LB D
T, PIZIZIRE L2 VWL SBEFELEETILNERS S,
EhiT, BEXRET 7 ADS94 O U ITERBITIAETT
BDMER.

4.

B OBREET 4 VS MEL, ZOM% LED & PD £/
WTRERICERET BV AT AC2NT, MEHBEZRIL
FRER, UTOZ LBALNIRoT-.

(1) 0~B0COREGLEIZIN\T, 7 F¥ » RIEDBRED
BRE 0.1CHM, BELLORKRE 0.05CUNRES
ZENTERE. BOO1Fv RATERBERNEICH
[ ANGAY-N

il

1486 WBISRE Vol 69, No.10, 2003

(2) BROBEE, 7T Fx  RAVEOREOKRKRER L ONEE
BOBKZEN 0.04CLUREB/DIZ L BTETHS.
(3) HEHEMBERDOL AT ALALAYTF IRV AT AORE

BEIIZERETHS.

# &

AWFEEDO—EIL, AH bu=g REFEELBHEZ 5T
7y Fvs FAuRy NHRAOWEMREZETITbNE L.
IR LTESE W LET.

s £ X B

) Lz, BAZFE, B4 BE#icBIT 3 REREOETF L A
—ZYTETANE (B18 EEETF U RARTLA—S
VAT LDOH%) , HMEIL¥A%, 62, 7(1996)1009.

2) HiufnE, B#¥, HAZE  OEMCR T ABREFRRORT L X
— & VBT AHE (F2f FHETERMOLE - S
BEAPFEHICEE LW AIHE0FA) , BEIL¥EE, 64,
9(1998)1355.

3) Wiz, EBEE, HAEE, REHSK . BRI 5IRERS
DT VA=) TETIHE (F38 THMORYE - 2%
LA 74 H#E) , BREL%SEE, 65, 1(1999)150.

) MLE HBAER NHENTER AR . Vo Fv T Ao
2y b a7 &AW EHEEIR BB O KRR T — & iy
A7 AOHFEGE 18 MU/ INEDER L UEIBRER) , BELE
&35, 67, 12(2001)2037.

5 79w 77/\/(-tzx%<i y=7 -

6) BARMmE

— &7 v 7(1997~1998)15-11.
-mﬁz;gﬂ&1%4mu%sz

NI | -El ectronic Library Service



