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e RO EE (330) : Both properties of the tribology and affinity of the tool—chip
interface are strongly affected by temperature. To clarify these properties, an
intelligent cutting tool with seven pairs of built—in micro Cu/Ni thermocouples on the
tool face near the cutting edge was developed. These micro thermocouples were fabricated
by electroless plating and electroplating. Experimental equipment for calibrating the
relation between temperature and electromotive force of the micro thermocouples was also
developed. It is confirmed that the intelligent cutting tool developed is capable of
measuring the temperatures accurately, because the Seebeck characteristic of the micro
thermocouples is the same as that of a thermocouple composed on Cu wire and Ni wire.
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Process Chemical C ion time

Etching NaOH 1000g/L 300K 10 min

e TBE 15 min

Neutralizing HCT 36miL 300K 15 min

o SnCl2 TgL 60 sec
Sensitization HCI SmiL 303K (Ultrasonic vibration)

PdCl2 0.05¢/L. 60 sec
HCl 0.25miL 303K i

Activation (Ultrasonic vibration)
Sensitization — activation process is repeated 6 times
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Parameter Electroless plating
NiSO# 6H20 309L
NaHPO>H20  10gL

Electroplating
NiSO4-6Hz20 280g/L
NiCl2-6H20  45g/L

Bath constituents

Na3CsHs07-2H20 10g/L H3BO3 359L
pH of the bath 4.35~4.50 4.12~4.23
Bath temperature 354~356 K 300K
Plating time 10 min 120min (i=0.16mA / mm?)
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Parameter Electroless plating
Cu(NO3) 2-3H20 9.7 gL

37%HCHO solution 25 ml/L CuS04-5H20  300¢/L

KNaCeH406-4H:0 40 g/L H2504 34miL
NaOH 53¢L
pH of the bath 12.38~~12.65 0.70~-0.78
Bath temperature 306K 300K
Plating time 20 min 60min (1=048mA /mm®)
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Ar ion bomberdment

Pretreatment

Supply N, flow 2 sccm

Supply Ar flow 16 sccm

Total pressure 0.06~0.07 Pa
RF power supply 60 W

Electron beam power 3.8 kV, 140 mA
T-S distance 262.5 mm
Substrate bias voltage -100 V
Substrate temperature 600 °C
Deposition time 25 min

Film thickness 0.3 um
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