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The Effect of TiAIN coated Ball End Mill on
Cutting characteristic of High Hardness
Steels in Dry Condition

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 on cutting characteristic of high hardness steels in dry
cutting condition without coolant. 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. Results 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 2~5 times for KP4 steels and about 2.7~4.3 times for STD11 heat treated steels. The multi layer TiAIN coated ball
end mill is good about 1.2~1.7 times for KP4 steels and STD11 steels than single layer coated.

Key Words :

Hardened Tool Steel (STD11, KP4), WC-Co Ball End Mill, Single layer TiAIN coated Ball End Mill,

Multi layer TiAIN coated Ball End Mill, Machinability, Cutting Speed, Dry Cutting Condition
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Table 1| & o5 A& &3 Y& 71AH
A4E& JeErd Aol Fig | & BAAS54HE FE
371 A& AER P4 3718 U Aok
Table 1 Chemical composition and mechanical

properties of workpieces

Chemical composition Machinical poperties
T.S. { Y.S. |Elong| Hard
C i SiiMnl Cr t Mo | (kef | (kgf {ation | ness
Materia /mm®)ymm?)| (%) |(HRC)
0.39]0.25/0.90] 0.90|0.25
KPg | ~t ~ 1~ 1| ~ ~ 1104 | 86 123.13! 32
0.4410.35{1.10| 1.10 {0.30
1.40 11.0010.80
STD11 | ~ [0.40(0.60[ ~ ~ | 1651138 3.0 | 60
1.60}] . 13.00)1.20

ZZ7)(Kistler 5019 A)E ZEHU L, o] AZE of
w2049 A7) E AX RAFEE AsE F
Cutting Force Software(HP VEE)E A}-8-3lo] d ol
€ ¥4slth

2.4 AA4HY A

Hazae MRS ATz AANERE 245
~320m/min. & FHNA KP4 A= °15F 0.2mm
rev., A4Zo] 02mm 2, STDI EAHZAE ©
%% 0.17mm/rev., 224Z0] 0.2mm & AFHAUL
o] 4R 28L& Table2 & 2t
Table 2 Cutting conditions to investigate cutting

speed in ball milling test

e

2 Ao AHes B d=Ue AE 6mm, &
2+ 9° & e WC-Co(10%) %3
=9(Tool A)F o] ZAAE

PVD of ©& ©F(Tool B} HF(Tool C)22
TIAIN ZEAZHy 3300~3500)% & 3 £/ E
Ad=dg AR oL

2.3 AEEA

B A3 A8 FF7)AE oA AE(SPT
V40TS, 8000 rpm)E ©] &3t 3, n&71FS 317)
9l8te] FZ ol HSC-Motor-Spindle(Type : KM3.5)%
vl S dAsted F5£3AE Hd 30000pm 7HA] 7}
kA stk kW Ao AL st o
Ay FTF YA (Kistler 9253 AYE H A HE H|
co] M3, upo]2E o]t FHES 1F

stdod FFEEAAN AR Adze oA

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
(§TD11) 0.17)
320 3400(2890)

()& STon AR ol&% =1

2.5 AAMRHE YUY

FTF5ET AAEo AAE =& HHA
2] A2 A (270X 270X 50mm) S AbESt] FEFH
o] Tt W7x FT9 "WFEol flol ALHA 7}
22 &9t olw "t 3 B(Fx, Fy, Fz)ol &4
AR E Fig. 13 Bol 7FFEF A, B, C9 A
A FEFAY 10m vioh @A FAREE A5
Ak @ shFol AAHE ¢ AAHE F7h
sted B Agods 2Ad 4 3 28 F
713 3 Jelds EY(F»)e 327171 KP4 A9
7% Tool AE 2F 100~110N °| 4, Tool B & Tool
C £ 200~220N o] £g3lR 71E& FA P oH,
STD11 @& A1 ¢] ¢ Tool AL 210~230N, Tool
B 2 Tool C = 300~320N & H9o] =&l 7}
FE FAA

26 71E2W ATl SF Y
7yFHe] Adre £4L 3 IRE=A
[Model : M4pi, Range of indication : 0.002~50.0 g m,
Cut off value : 480 (mm)] & o] &3}, 3 He A
a7bgol gad F Fig. 1 9 A48 SAYAA,
B,O°lA 108 Ba AA7 IR #& SHIHA
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T vlEF 2L F1EL 2 iR 53
o] 7}5 3 A8][Model. Metronics QC-400]1S A}-&-3}
Rz viEL 30~210 9, FEEE 0.002mm (2 ¢m)
A ERE U AA2ALE AHE S
%! o}f‘i 449 dolgE dAdsdo Yehdo

3. dgZa % 3
Fig. 2(a)~(H= ZtZt KP4 Aj[HRC32] ¥ STDII
d A2 A[HRC60]E ZH2ArZo] 02mm, BEAEE
320m/min.8] £ 2 ZE Tool A, Tool B & Tool C
g At 2(Dry)7tEA] LA sk Fx(REAW
g £9), Fyol$%F ¥8) € F(E5Wd £8)9
a8 9y s FITFEHAZR SAHT Ao

w..’.... xrupny)

s 8 B3 %o

eutng orcath)

© ®
Fig. 2 Comparison of cutting force signals during the
cutting points according to the 3 kind of tools
for KP4(a,b,c)and STD11(d,e,f)
o] A3 WA KP4 AE HBHE Ao T4
e AAEH EAL Fig 2()~c)4 BE H

9} o] Fx 2L Fy 2] 3L Tool A, Tool B, Tool C
25 ZAHY 3717 0 & FAHSER FHF |
o) opypgto @ Fr\7h 2L AE9 mgo] el

U Jhgdelrt F7HdsE ol 1% V=
AA8 Frtske Fdol dEtzn gl a3y
Fz o B2 M3 271QANEH Fdde] 24
o] Yehn] 7pgdolrt 7tk M3 3
7beke Fdol UEhH o] AL Fig. 2(d)~(H2
1A= ZAA STDIl EHYAS 7HFshe B¢
Uehtes d4Ege] QAR vzt
2y sTDI BAEAE 7Feste 7+ KP4
Aol Aol AL Fx R Fy £89] AAg &Kol 7b
Tz7) ©ARE F43 F7istn, bEdolrt %
15m o] dXE WA JAF A7\7F 2 W
glol A dASA FAHAR Avh EF Fz £
< 7bez7] 9AFE Fx R Fy 28R4 2 #&
74?1 A2 gol Frtdke ddol dEhy
ixngl A=gke] 2710 wet &
3L  Aol7t v 3l

A= Ua‘ %L-?A 21 oo &% Jhado]
o #AE F7THY BHAAM HE
7 £ A=Y (Tool A)tit’r“ TIAIN ¥ &
2 (Tool B, Tool C)°], 28 & A= FolA
?_P% T1A1N Y £ d=U(Tool B)H T T}5

2% & d=9(Tool O 4-%7F KP4 A 2
AE 7t o tEdolgE F7HA

1
71 A& & F do

]

3.1 FASZe 37| BAZHS A

Fig. 3(a) ~ (¢)= KP4 A& HAE T 245~320m/
min.o A A4 z2Ho= 7Fd= AF HEdol
9] Z7tel wet B HAARH(F)S YEd A
ojt} o] A3} Tool B & 7ol Tool A o H]3l
7}Edo)7t oF 2~4 W) F7}EH32H, Tool C & &
o HALFZANA Tool A o] vl#| 7+FZo|7}
oF 32~5 8] F7}8F% 3L, Tool B o} v]shA = <F 1.3
~174 A= Fretoh

W Fig. 3d)~HE STDII ExAANE #=z
HAET 245-320m/min. oA 7FEEHE A 7HE
Zolol Zrlo] met WA HARH(F)E e
A Aot} o] A STD11 & 28] A= Tool A, Tool
B ¥ Tool C T EF 7}¥x7] @AldA 7152
o]7} ¢ 10m 2 uﬂﬂ}xl 121 3] F7kska o] ¥ A
A3 Fz gkol Fodte 383 Ao Yehtn
oo, Tool BE /\}%U} —?—01] Tool A o] H]3E}
o 7tFPole % 26-344] A% Fretdch
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245m/min. o} A ¢} 71Fdoj= <F 62m E JERYY
Tool B 9| 7}FZol9} vlsixA|qh, A&E&ET] ¥
€ 283m/min. E 320m/min. A9 JtFHolE o
80m 2 JEMN I QolA Tool A o] |8} 74 o]
7} < 2.7~43 W), Tool B o] HsiAE < 1.2~1.3 W)
F7vete Aol veett
o] 2= BFA®)0l T T TAIN LB A
9 IPRTYE Ao Zn vgd 7AF
g Ze g g oy For FAAT=
g33agol EHA9 ¥ IFE &A1
d AAE Hesty £ 2ZAYG ZEF A
H T IYHF ALoldA o ¢ 2IAYE
2 Axte}l 43| oh p=3

Workgieca : KP4 (ORY)
V245 fmmin)
N = 130000

e ST (DRY)
V2 245 {mimin)
N
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‘Cutting twngim)
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(C) ®
Fig. 3 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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gEoz JhEH AR e &Fe] Fejv] o
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A 7rEdoel &k 128m Yol Rz #tol oF 85 mmo.E
714 453 7Ed AAZE Jebdd @8 Fig
Hdy(H= STDI1 A A 71FA 7ol

- 347 -

Z7to] W& Rz o BAE UEld HOZ Tool A
= KP4 AE 71EFde A9 e Z27gE By
o9, Tool B & 7}&Alol = At % 283m/min. o]
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Fig. 4 Comparisons of the Rz according to the cutting
length for the 3kind of tools for KP4(a,b,c)and
the hardened STD11(d,e,f)
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Joz dAlstE Aoz gaA Uth(0,11),
Ao ALdE FFo] LA vfEIFHHE
Z93 vy} Aoz Yehtr] Wi 3
3 g FA o7 AEFHOD, ol Tool AT
KP4 A9 STD 11 EXN A BF 7}3 2714 T
Agrke] AN BoM o] WAste] FFUEF
o 242 A5ttt #9 Fig. 59 (@ 2 )=
Z+z} KP4 A ¢} STD11 EX B A& Tool B € Tool
C 2 A143lY 71EEE 245~320m/min oA 72
z7A02 JtFstE AS JtFHold wE I
ntReke] BAEZ Jed RAolt o] A HASL
T 320m/min.o| 4] Tool C & Al43F 7% KP4 A=
7}24dol 132m A FFoFR S 9F 0.082mm 7}
WAEH 2, Tool BE 7FFZ 0] < 125mm o 4] H]
g A7) FFuiRFo] AAsUc. A
STDI1 9 EAE FAEE 283m /minoA] 74
7}EA Tool C £ 7F&Zol ¢ 87m A FT vt
=30l ¢k 0.102 mm EAF LU, Tool B & %
65mm 7FEdololA w&d FFetrFo] LA}
g} waa FFutEEe] FHAME Tool C 7
Tool B ol H|3l ¢3 ZAE vehli ot

e
&
|o

020 vk Prace : STO1 1D}
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Cuting langtiien)
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Fig. 5 Variation of the tool wear for the various
cutting speeds in machining the KP4(a) and
the hardened STD11(b)
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ool BAES Yehd Aoz 27 B d=wd
Tool A = KP4 A<}t STDII EANAAE 713E o
o "Atew ) AuRoeg 7H4 FL 245m/min. ol
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8 239 Tool B £ KP4 AE 7+34] A<}
£% 283m/minoA 7Y F3 G JFEFIALOE
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¥ TAIN t+F 28 372 Tool C © KP4
A L STDII GAA BT FUHez HiALr
7} 71 2 320n/minolA FFE@A Dol A+
A JeET 9129, Tool A 2 Tool B ol 8]}
RE FAETAA JFFAZDE A FIH
711 922 ¢ ¢ gtk 23y Tool Cv ZAE
739 STDI1 XA 7HFAl HaAEert &
Aoz AL 245m/min. L 283m/min.o A=
Tool B ¢ vl & 7}5dAdolE el YA
ZASE A4 Kp4 A 7HEA YEHYE TAIN
o) t}E 3:Yo) A AN IAA YEA &3
&2 & $ Atk wWetA Tool C FF9 A-fol
B AFolA AMEF FAEE ¥HY Bo ¢
AAETgH g 5T BAEA] 7gH
olo} i3t Hrirt dasitin APzEch

Wortsiece : STOIDRY
»

2orurr e e

(a) ()
Fig. 6 The maximum cutting length for the cutting
speeds in machining the KP4(a) and the
hardened STD11(b) (Tool : A, B, C Type)
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Fig. 7 The relation between cutting speeds and cutting
times according to the tool A, tool B and tool C
for the KP4
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Fig. 8 The relation between cutting speeds and cutting
times according to the tool A, tool B and tool C
for the STD11
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