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Fundamental Study on Improvement of Chip Controllability in Turning with Laser Heat Treatment

Ryutaro TANAKA, Yuangchuan LIN, Kazumasa TANABE, Takashi UEDA and Akira HOSOKAWA

This study deals with the trial for improvement of chip controllability in turning with selective laser heat treatment for
workpiece. Selective heat treatment for carbon steel JIS S45C was carried out with Nd:YAG laser which could be
transmitted through an optical fiber and shows higher absorption rate against carbon steels than CO; laser. In turning of
these selective laser heat threatened carbon steel, the chip form changed regular curl from irregular curl and chip
breakability was improved compared with non-laser treated carbon steel. Surface roughness was obviously smaller
comparing with non-laser treated carbon steel. Especially in the case that the depth of cut was larger, the surface
roughness was smaller. As for cutting force, the principal force was slightly smaller, but the thrust force and feed force
were almost the same. The cutting temperature was slightly lower. The tool wear was almost same as that in the case of

non-laser treated carbon steel.

Key words: Nd:YAG Laser, heat treatment, martensite, ferrite, pearlite, carbon steel, chip control, carbide tool, surface

roughness, cutting force, tool wear, cutting temperature
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Table 1 = Chemical compositions of work material

Chemical compositions mass% Hardness

C Si Mn P S Sol.Al HB

S45C | 044 019 074 0017 0018 0.026 240

Table 2 Experimental conditions in laser hear treatment process

Nd:YAG Laser (CW)

Wave length : A 1064 nm
Average power :  Q 38~82W
Scan rate : 10~40 mm/s
Spot diameter : 0.22 mm
Table 3 Cutting conditions

Work : S45C (annelid)

Tool : Carbide P30 (SNMN120408)

Cutting speed : v 150 m/min

Depthofcut: d 0.1~0.5 mm

Feed rate : f 0.1 mm/rev

Atmosphere : dry
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(b) Cutting test

Fig.1 Schematic illustration of experimental set up
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Power; 82W, Spot dir; 0.22mm, Scan rate; 10mm/s

Cross section of S45C after laser heat treatment with Nd:YAG
Laser
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Fig.3 Influence of laser power and scan rate on the laser
affected depth and width of S45C

GIHHEF ORI, AEICEY £+ 72 ATS K@ HE % v
TEHRIL, 7o 72N LCTVH AV r R a—7 T L.
PISIHSHUE T BB A EHC RN ORIE R 2 AV TR 72

GIHNREDRIENE, TREHHIMBEHEIZ L VITo7. BE
F1% EIENEEE AR ES B - DI EMGRA L E L R 578, Y
ROERIZH D 7 1 AT )V A )VEVESRE & TEE 121 340HI4
DEEEHIVEDDERIIHHARy he—F THEL, 7
0 A V-T VA VERESHIRTT 2 EES) S45C BLOEHELE
P30 DEEE A ZRYD, ThHDENLRD.

F7-, GIEIEOBEIBICON TN TELZEEL, et S5
ZHAVWERERB L OHSORIEERIT- 7.

3. RBBREIUER

31 NeYAG L—HIZ&k % S45C DEMLIBHEE

2 [T —FHBE D S45C DREBIOWEIZ OV TOMBE R
Rt BEHI T A VBIRIZIVEREZDLOTHS. BELZR,
BL, 72T h-3—=F A MR OB Iz RIS Bk L
TR DR TED. BEEFDE Y I —REFIZLDERERDMK
ESERDHE, LM OFEIRIZI T BEREHA/NELED



Laser heat treated

T ——————

Conventional

®d=0.1mm

—— -1517!?\77\!3‘;,1
@=03mm iy

W,
£

s
5

Tool: P30, v=150m/min, f=0.1mm, dry
Laser power; 82W, Spot dir; 0.22mm, Scan rate; 10mm/s

Fig.4 Influence of laser heat treatment for workpiece on the chip form
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Heat affected area

Tool: P30, v=150m/min, d=0.4mm, f=0.1mm, dry
Laser power;, 82W, Spot dir; 0.22mm, Scan rate; 10mm/s

Fig.5 Microphotograph of the ends of chip in turning S45C
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Tool: P30, v=150m/min, d=0.4mm, £=0.1mm, dry
Laser power; 82W, Spot dir; 0.22mm, Scan rate; 10mm/s

Fig.6 Wear progress cruces of carbide tool P30 in turning S45C and
selective laser heat treated carbon steel
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Tool: P30, v=150m/min, d=0.4mm, f=0.1mm, dry
Laser power; 82W, Spot dir; 0.22mm, Scan rate; 10mm/s

Fig.7 Wear pattems of carbide tool P30 after tumning S45C and selective
laser heat treated carbon steel
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Fig.8 Influence of laser heat treatment for workpiece on the cutting force
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Fig.9 Influence of laser heat treatment for workpiece on the chip thickness
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Fig.10 Cutting temperature in turning S45C and selective laser heat
treated carbon steel
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