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The Evaluation of Wear Characteristics Depending on Components of Surface

Treatment for Cemented Carbide Endmill
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For depth machining in die and mold, Electrical Discharge Machining (EDM) is used generally. To
make deep hole and deep shape efficiently, cemented carbide endmill for depth machining is
necessary. For this purpose, cemented carbide endmill was designed using design of experiment
(DOE). To improve cutting performance, endmill was coated with multilayer surface treatment,
TIAICrSiN and TIAICrN, for higher wear resistance. In order to evaluate the endmill, Transverse
Rupture Strength (TRS) test was tried for investigating the relationship between surface
treatment and strength in endmill body. Scratch test was also used for measuring adhesion force
of each surface treatment. To evaluate hardness of surface treatment, Atomic Force Microscope
(AFM) analysis was carried out. Wear test was executed for characteristics of each surface
treatment in high temperature. Consequently, TIAICrSiN was superior to the TIAICrN coating in
case of high temperature environment such as cutting.

Key Words: Depth Machining (& Z 7t&), Cemented Carbide Endmill (£4 % E ), Surface Treatment (£ A 2[), High-
Temperature Oxidation (12 4t 2}), Wear Characteristic (At 2 £ 4)
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Table 1 The design parameter and constants

Level
Factor(®
) -1 0 1
Home Rake Angle -24 -22 -20
Spiral Rake Angle -8 -10 -12
Clearance Angle 3 5 7
2" Clearance Angle 1 13 15
Optimum Home Rake Ange  Spiral Rake Angle  ZndClearance Ange  Clearance Angle
D Hi -18.0 -6.0 17.0 9.0
Cur | [-25.4021] [-14.0] [17.0] [3.9345]
095826 | -26.0 -14,0 9.0 1.0
Citting Force
Minirmum
y =433,4536
d =0.95066
Roughness
Minimum
y =1.2257
d =0.96792

Fig. 1 The optimized results by Response Surface
Design and Desirability Function Approach
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Fig. 3 Machining simulation for prediction maximum
temperature on the endmill surface

e < =

(b) TIAICISIN (x1,000, x3,000)
3. EHXNCE SdEIt Fig. 4 SEM image of coated surface
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Table 2 The conditions of scratch test

Conditions TIAICIN | TIAICISiN
Begin Load(N) 0
End Load(N) 180 | 90
Loading Rate(N/min) 71.28
speed(mm/min) 2
length(mm) 5
Indenter material Diamond
Indenter Radius(xm) 200
| Penetration Depth |
oy oy o) >< Frictional Force | Sl
~W%<
o aar
00N] 00N oua_)__d-a——f“"”‘“—'_/ﬁ /\koz 400w
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Fig. 6 Test results of Scratch test
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Fig. 7 The picture of indentation of adhesion test
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(b) TIAICISIN

(a) TIAICIN

Fig. 8 The picture of surface treatment by 3D observa-

tion

Q

Table 3 The results of surface hardness test
Hardness(GPa) 1st 2nd 3rd ave.
TIAICrN 57.0 55.5 52.5 55.0
TIAICISIN 49.2 41.9 48.4 46.5

Table 4 Maximum load of the TRS test

Max. Load (MPa) | 1st 2nd 3rd ave.
TIAICIN 623 694 656 658
TIAICrSIN 576 617 632 608
Non-coated 562 568 579 570

Table 5 The results of TRS test
TRS(Mpa) 1st 2nd 3rd ave.
TIAICrN 1,430 1,594 1,506 1,510
TIAICrSiN 1,323 1,417 1,451 1,397
Non-coated | 1,290 1,304 1,329 1,308

Strength) A 95 71 8 3kS1 T}, TIAICIN, TIAICISIN 3
WwAe] Ao 33 REEAIRS gstgla Al
o] F71E 24x8xdmmeolt}. FAY NP AL
Ao FIAE Hilo| F2 AFLHE AFo|
3point bending Al@W2A o= o] Fo|ZIT}, AlE A
2% Abole] 7@ (span length):= 20mm o], %]
q 7kl FES ARERI AE gddAztA
IMmMMInEE 2 $F335% 2 o|5AA I A
dolAde  stes
TIAICIN, TIAICrSIN
Lo wA= JEF A7 }a sl A8 sks Fad
gt ol A o] AISHA skl FERA W
of IFstTol At gttt

Table 4= A 3HebA] H st Table 5= &4
2 ARA#%S yeEhdal ok @A 3 TIAICIN,
TIAICISIN, Hl 28 o= 3= glo] =7 Uetwt
o, TIAICIN F 327} TIAICSIN 2] o
v 7.5%, Bl ZHIH] 13.6%<2 FdE Fd g}
RS Felakalt.

‘

Table 6 The Conditions of Pin On Disk wear test
Speed(RPM) | 30 Turning Radius(mm) 12
Load(kgf) 6 Pin Diameter(mm) 5
Time(s) 60 Disk Diameter(mm) 30
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0.8
94 INEUTF Al PP,
'§ 06 J‘é"‘l"{'hbuw\;‘lﬁl !J ﬂmjiu ‘j % Id\' N :"\'Uv'kfu
gos 4 ¥ -1 :
goa
S03
£02
0.1

0 10 20 30 40 50 60 70
Time(s)

Fig. 9 Friction Coefficient of the Pin On Disk test
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(c) 600°C (x50, x 200
Fig. 10 The Picture of Wear track —~TiAICrN

50, x200)

ARF

(c) 600C (x50, x200)
Fig. 11 The Picture of Wear track —TiAICrSiN

*(a) x150(S

(b) x1,500(SEM image, Fe distribution

Fig. 12 SEM image of wear track and FE distribution of
TIAICIN at 600°C
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