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Measurement of Temperature of CBN Tool in Turning of High Hardness Steel

Mahfudz AL HUDA, Keiji YAMADA and Takashi UEDA

The temperature of the flank side of the cutting tool edge that has large affect on machined surface integrity is measured using

two-color pyrometer with a fused fiber coupler. The infrared rays radiated from the cutting tool edge are accepted by an optical

fiber, and separated to two optical fibers at the fused fiber coupler. Each fiber leads the infrared ray, respectively, to two infrared

detectors with different characteristic of spectral sensitivity. Temperature is obtained by calculating the ratio of the output voltage

from these two detectors. A CBN tool (CBN content: 60 volume percent, density: 3000 kg/mm?) is used as the cutting tool.
Annealed steel (S45C), bearing steel (SUJ2), and quenched steel (S55C) are used as the cutting materials to investigate their affect
on the tool edge temperature. The results obtained are as follows: (1) The technique developed is suitable for measuring the

temperature of the flank side of the cutting tool edge. (2) The temperature of the cutting tool edge is highly effected by cutting

speed. (3) The temperature increases slightly with the increase of depth of cut and feed rate. (4) On the cutting of quenched steel

which has the largest hardness among these three materials, the temperature is about 50 °C higher than that on the bearing steel

cutting, and the temperature of the annealed steel cutting is the lowest.

Key words: cutting temperature, CBN tool, quenched steel, bearing steel, temperature measurement, flank face temperature,

two-color pyrometer, optical fiber
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Fig. 2 System of two-color pyrometer
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Table 1 Experimdental conditions

Tool material : CBN (CBN content: 60 volume percent)

Rake angle 1 5°
Clearance angle : 6°
Land : 0.1 mm
Nose radius : 0.2 mm
Work material :
S45C (annealing), H,=210
suJ2 H,=510

$55C (quenching), H,=700
Cutting conditions:

Cutting speed : V=100 - 250 m/min
Depth of cut : d=0.8 mm, S45C (annealing)
d=0.1 mm, SUJ2
d=0.1 mm, S55C (quenching)
Feed rate : f=0.15 mm/rev, S45C (annealing)
f=0.05 - 0.1 mm/rev, SUJ2
f=0.1 mm/rev, S55C (quenching)
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Fig. 3 Frequency characteristics of amplifier
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Fig. 4 Calibration curve of two-color pyrometer
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Fig. 8 Influence of measuring distance on temperature measured
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Fig. 14 Influence of cutting speed on tool edge temperature
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Fig. 15 Influence of depth of cut on tool edge temperature

3.3 MIEGFOEE

YIBIERE, %, WAAIHEREICRIZTTHELR/
MEEAE 14 26816177, HEIME LT Sul2 2w
W5,

B HEE A 22 51 L= ASW HSE A I I 2RI b
ALTBY, UHEREOBEBERI(ZITLI DI 5.
100 m/min T 700 CRETH >72d DA%, 200 m/min Tix
800 CEHEVIREIZLER LTWw5, 50 CRELNITEFMIC
RKELBEBYLLVWDhTBY, BATELRETIIAVE
EXOH, D, PHERBEIC KDY RRAOKELIAE
OYPIRELRATI2RETHS. BREOATEET NI,
Al EITA 103X D RYRAAERE (T L EBKE
w25,

3.4 BHIHOER

BHIAICBEAN L7 S55C, SUJ2, BXUMELRE L
S45CE AV B EOMERERER 17 1RT. 22720, 8
X7 F L7 S45C OBE, WAAAT0.1 mm TIZIREHME S
TAREF CEHIATRETH S 25, 0.8 mmiZ L7z,

BMANMSS55C (H,=700) DHE, REN—FHL, W%
#Msuj2 (H,=510) OBEITHTBIE50 CHL%2->T
W5, BEOEWRE L E LMS45C (H,=210) Tit, fiT
AR TH B IO PO TRLEV LAhh 5,

4. &

heBi T o> CBN TEHNEIRELE KA 75 Bl 2 BimAER
EHVTHET 2 FHEICOWVTHRET Lz, T EERER

1688 BBI LM Vol. 64, No. 11, 1998

850
800
L
L2
2 750
:
S i Work: SUJ2
700 ® V=175 m/min ||
d=0.1 mm
| B V =150 m/min
d=0.1 mm
650 i L L L L
0.00 0.05 0.10 0.15 0.20

Feedratef mmi/rev

Fig. 16 Influence of feed rate on tool edge temperature

€ SS55C (quenching)
d=0.1 mm, f =0.1 mm/rev

1000 — @ suI2
| d=0.1 mm, f =0.1 mm/rev
M S45C (annealing)

900 H d=0.8mm, f =0.15 mm/rev
o |

800
5
g L
3
E- 700
= s

600

500 . L

50 100 150 200 250

Cutting speed m/min
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