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A Study on the Machinability of High Strength Steel with Internally
Cooled Cutting Tool

Jeong-Du Kim

Dept. of Mechanical & Production Engineering, Korea Institute of Technology

Abstract— High strength steel is similar to carbon steel in its composition. This material is developed originally
for special uses such as aerospace and automobile due to its high strength and shock-free property in spite of lightness.

But the chemical attraction of high strength steel is serious, which includes comminution of formation, metaliza-
tion and strengthening. Machining resuits in built-up edge between this material and the tool. Especially the work har-
dening behavior results in too! life shortening, which was caused by temperature generation during machining.

In this study, cooling system was made in which liquid nitrogen is supplied to circulate in order to make up for
these weaknesses. Machining of high strength steels, which is recognized as difficult to machine materials, was con-
ducted after tool is cooled at ~-195°C. Experimental results showed that the tool was cooled down rapidly below
-195°C in about 200 seconds. The tool temperature of machining with cooling system was lowered by 60~ 95°C than
that of machining in room temperature. The hardness of the surface of chip is decreased by machining with cooling
system. And the machining using the cooling system made it possible to increase shear angle, to retain smooth surface

on chip without built-up-edge and to get a better roughness.
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Fig. 1. Internally cooled cutting tool.
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Fig. 2. Set-up for measuring temperature distribution
on tool face and EDM machining hole in tung-
sten carbide cutting tool.

7o) S Akddol e AT

45

mm & ZE™ (chromel) 2} 45

o2}
AN

ol (alumel) & AH2-3}

5 gfolo] wl T-olel Mai-g- $lsted $0), 85mm Al
gial Fug Algsigon] o E2] AHAAE ARalo]
ek A2 Zeh, ddols A &

)=
T

L

T &Aoo

A=, e

A (reference
AR, 21 &

oAE e}

25
junction thermo couple box)ell
2ol A (scanner)oll 2| 5lof
(digital voltmeter)oll 1A= HEAN-= HP #AF
ol gjEs]n A7kR o ZHRcE, HP ZHEol4
= 2Rl ke FA3]7) (curve fitting) ¥ G AT
=2zl gol osle] Lx g shalElm v|Az zalo]wo

tolE7F #absln, Zele w Zzelo] x4 A

} s o}

2-2, FAANEEA

AL F0 JAS Wz F 73S A Al
of A AR TEsled Aalsiodct, FHakAle
273 $71imm, Zeo] 300mm (LAY 50mm)e A
H7g ARSska, 1of shebA 242 Table 13+ %
o, & Aol AHgd A ¥4 TIPL 2 5359
7.5kwelx, FE3IA45E 75~1800rpm & W o)
ok, AR Aol o Aaiele} B2 aselg A8

)| 17_1;,'9 £ 200kg. f/jaw 2712 AAEA 3}
AAB] $1sled Imm ¢ AlA Aab
]—*—” ek, v =% o8 (throw-away
tip) P20(CNMG ¥, 0,0,5,5,15,15,0,.8)% 23}

Ocq

o #HAlE

9, F7el SZ&7ol 30mm B AAsA sleic
g A (T4 7 HH% )& AST A A+
AR, ofrlo A HEE ATe FE7E S5l
edR aMze Jelr g slolet,

Hababale Mdako g o Halslguir) ZEE0|A
(Carl Zeiss ¥ Tool Microscope)oll 2isle] Zei=

v & xlgme| #%4-2 SEM(Scanning Electron
Microscope, Jeol JSM 840A)oll 9]l 23131

I, ke Zx el Zejeoly
F97 3 7] (Hommel-P5Z)ell

ol gt o154 54

ojsto] FA et
Y E

. B7eo| WztaTe) He| we

Flg o /(]7}_ 7:14/1,01] u}g u}z}zqfkul _1_-?’-4 L
A|F A b}E}\;H_ 1o ulojeSl Hole Aol
5l 7Ashelch, Pl Al g

I

ol 1 =
HA

'7_1v
H 5} RS

Vol. 5, No. 1, 1989



46

7
Measurement point:
0 ‘Hole A
_ -50+
i
=
g -100
L
=
-150
_200 ! ! ! ' (
0 50 100 150 200 250 300

Cooled Time (sec)
Fig. 3. Measured temperature at the internally cutting

tool.
. 1000 ]
S | 1
< 900 1
2 800 !
g F
2 700 :
E »
M T
'g 500 —t—b— COOisc mum:] Hole|
b N1 Cutting

S 400 =

100 150 200 250

Cutting Speed (m/min)
Feed: 0.205 mm/rev, Depth of Cut: 2.0 mm

Fig. 4. Measured cutting temperature at various cut-
ting speed.
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Fig. 5. Microstructures of the chip surface.
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C Mn Si P S Ni Cr Mo v B Ti Fe
0.24 1.30 0.20 001 0007 0.03 007 045 0.037 0.001 0.022 rest
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