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The Effect of TiAIN coated Ball End Mill and MQL Cutting
Condition on Cutting characteristic of High Hardness Steels

D. S. Park, S. T. Won, Y. J. Lee, J. H. Hur

Abstract
This paper is studied on the effect of TIAIN coated Ball End Mill and MQL(Minimum Quantity Lubrication) cutting
condition on cutting characteristic of high hardness steels. KP4 steelsflHRC32] and STD11{HRC60] heat treated steels
were used as the workpiece and WC-Co ball end mill and single and multi layer TiAIN coated ball end mill were utilized
in the cutting tests. MQL device was used to spray botanical oil coolant. Result showed that TiAIN coated ball end mill
were increased the cutting length than WC-Co ball end mill in the cutting speed[245 ~320m/min] about 2.3 ~ 5.7 times
for KP4 steels and about 2.5~4.3 times for STD11 heat treated steels. The multi layer TiAIN coated ball end mill is good

for KP4 steels than single layer coated.
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Chemical composition Machinical poperties
TS. | v.S. |Elong| Hard Table 2 Spray conditions of minimum quantity
C | Si|Mn| Cr | Mo | (kaf | (kef |ation| ness lubrication system
Materia /mm?)Ymm?)| (%) |(HRC) Conditions of MQL Capacity
0.39/0.25l0.901 0.90 {0.25 Temperature of compressor air(T) 20
KP4 | ~| ~ 1 ~| ~ ~ |1 104 | 86 123.13] 32 Pressure of compressor air (bar)
0.44]0.35(1.10} 1.10{0.30 Tube lengths (m) 3
1.40 11.00(0.80 Nozzle diameter (mm) 10
STD11 | ~ 10.40{0.60] ~ ~ | 165 [ 138 | 3.0 60 Spray nozzle angle (°) 10
1.60 13.00(1.20 Cutting fluid Shell oil (LOO5)
Spray capacity 50mi/hr
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Table 3 Cutting conditions to investigate catting
speed in ball milling test

Cutting . .
. Cutting | Feed per Feed Cutting
Condition| .
Speed | Revolution Rate Depth
Work
(m/min.) | (mm/rev.) | (mm/min.) | (mm)
Pieces
245 2600(2210)
KP4 0.2
283 3000(2550)] 0.2
(STD11) (0.17)
320 3400(2890)

()= sTDUI A o}5F 24

dAE =237 HsiA
Foiggel @ wizkA FTe HEol §lo

A 7+ES 3] A8 Tool Dynamometer
9} I - AR (270X 270 X 50mm)E Al-E-8t] J}F-E}
ek Hab 3 B3 (Fx, Fy, F2)9 £3% X+ Fig. |
3 o] 7}FATF A, B, C o HAANA 7F3AE
10m wtt} AN HAEE & SA8%

A Fol AYPHE ¢ Aol Frlshe
o 2 AddME SAY 49 3 &Y F M
AA Yeve £Y(Fz)e 2717t KP4 A A S
Tool A& ¢F 100~ 110N 9|4, Tool B 2 Tool C &=
200~220N o =@g3d HEE FX s eH,
STDI1 @432 % Tool A+ 210~230N, Tool
B % Tool C £ 300~320N & HHe] =gl 7}
T& A

2.6 7t3H HETJ|Q EFYHY

7hERe A7 54L& £ ZURTA
[Model : M4pi, Range of indication ; 0.002~50.0 u m,
Cut off value : 480 (mm)] & ©]€3}o], 3 He A
Ab7bgol gaE & Fig 1 9 HaE ZH (A,
B,O)elA 103 Had AL7IR)ES SASA

2.7 370t2e] SF YUY

7 uEFE AL FTEY 4 iR &F
o] 7} 3%k #Hl[Model. Metronics QC-400]12 A}-£3}
A viE&-2 30~210 v, FEEE 0.002mm (2 ¢m)
A ERE 5 Atk AAALE ALY F
Hate 25 delEHe dAdsided vehd.

3. & ¥ 1

Fig. 3 (a~(H= Z+Zt KP4 A|[HRC32] 2 STDI1 &
A2 A[HRC601E HatZo] 02mm, HiEE
320m/min.&] L2 Tool A, Tool B ¥ Tool C &
AHE3tE MQL o 93 7}FA] TABE Fx(H
w3 28, Fy(ol$wE £8) 2 F«(54F £9)
9 AAY WYL FTFHAZ 5 Aot

o] A1} KP4 AE 7HFsHE AFSol LA
g asﬂ E A& Fig. 3 (a)~(c)°l A B& uie} 2+
o] Fx ¥ Fy 9] £8& Tool A, Tool B, Tool C B
Farge] 37|17 08 FHLE GHF ()Y ¥
wgor A7) & IEZ9 HFo] yrhuy,
Vg4t F7HEFE o5 IE AV AA
3] F7bete FAdel vEvn 9. 18y Fz 9
BFEE JIF2V|GAREH )N Hagol
e, 7tgdelrt F7kslAA MA 3] Fotet
= Fdol YEY o] AL Fig 3 (d~DHY =
A=Al STDI1 A EANE 71E3e F5Y
YU AAEE ERQAAME H .

aEv KP4 Ae] FET AolHE Fx # Fy
489 Hag Fo] 7}%&71 GARY F,
Ay HAZol FHF FUHg F, tFZo7 &
15m °)F oAE TA JZo Z7]7} & W3}
ol A9 dAEA FAHZ Y} = Fz £
e Jt3E7 9@ARE Fx 2 Fy ¥R Z g
Zxa FAET A ol Frrete @del vEhy
AAA, 7t A LA =] gg
£ Aoj7t Yehvta d&E E + Utk
A B =y FHe Aold % stFAe]
o HARHYe #BAE TTTYEY FHANA AHE
74 B d=d(Tool A)RTIE TIAIN ZE &
9 (Tool B, Tool C)¢], 28 & d=d %oﬂfﬂ

l'l° ki

i)

=

TIAIN 28 £ °ﬂ‘:"é(Tool )Y A%7} KP4 z}] g
STD11 A IAE 7I8E W 7FZdolE F7HA
711 & & T U

3.1 HAEEQ FIIF HAEHI 2HA

Fig. 4a)~ ()T KP4 A E HA4EE 245 ~ 320m
mind A AF8E A 7MERlY Frtel uwieh
DA FAEE(F)S JEld Aol o] Axf
Tool B ¥ Tool A o B3l 7}Fdo}7} ¢ 3~4.2
AE Z7MElEon, Tool C & Y AA7F2A

- 247 -



STOUMOL)
2320 o)
N 70000m

488

Curing rceu)
h . e Yoo

888,885 %

E
20
3
=0
150
00
%
@

]
™
<150

4

Cuting oo
Cuttng torcet}

EXER A AAR AR

U]
Fig. 3 Comparison of cutting force signals during the
cutting points according to the 3 kind of tools
for KP4(a, b, c)and STD11(d, ¢, f)
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Fig. 4 Comparison of cutting force Fz according to
the cutting length for the 3kind of tools for
KP4(a, b, c)and in machining the hardened
STD11(d, e, f)
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Fig. 5 Comparisons of the Rz according to the cutting
length for the 3 kind of tools for KP4(a, b, ¢)
and the hardened STD11(d, e, f)
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the hardened STD11(b)
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