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Effect of TiN/TiCN/Al, 03 multilayer coating on Tungsten Carbide drill on
drilling process of spherodized cast iron
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ARTICLE INFORMATION ABSTRACT

Cemented carbides are the most common cutting tool materials. To improve machining process, the
surface of the cutting tools must be wear resitance with high hardness and chemical inertness. In recent
years, several coatings have been developed for tungsten carbide. In this paper, the effect of TIN/TiCN/
Al,O0; multicoatings on the performance of drilling process of spherodized cast iron was studied. The
external layer is Al,O3; which has high wear rsistance and TiN was chosen as internal layer because of
its excellent adhesion to the tungsten carbide surface. The intermediate layer was TiCN because of its
compatibility with the other layers. At first, drills were prepared by machining process and then the
triple layer coating was applied on the surface of tungsten carbide drills by chemical vapor deposition
method. The coating process was performed under usual industrial condition. The thickness of the
coatings was 10 micrometers. The wear of drills, the surface roughness and the hole diameter tolerance
were investigated. The structure of coating and wear surface was studied by scanning electron
microscopy. It was found that the multiple coating significantly improved the wear resistance of the
drill compared to uncoated tolls. In addition, it was found that the surface roughness and hole diameter
tolerances improved by drilling with coated tools. The reason of this would be the lower wear rate and
resulting dimension stability of the coated tools. In addition, based on wear surface structure, it was
concluded that the mechanism of wear was abrasion.
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Table 2 Composition of spheroidal graphite cast iron [18]

O peehee P SRS 05w P

3.6 2.75 0.5 0.05 0.08 0.045 (5j3ey

N 92
S bl SLIS Y gy 49 (RO Smbgy —1-2
) e g KA e &bl pnSis oo, Lol o TIN/TICN/ALLO,
Wl 25 e A bl eSS Y ) S Sl Ay

(TiN) postis o s I3l a¥ (1

(TICN) w555 (08 pomilis | Slee Y (2

(A1,0,) posimagll a1l > 15 Y (3

03, WLl K i 5l Y 55 b a8 e ate Siiles 1 S

S8 Y a Je Saenr B 4 pesles wps ibe
LY ol 5Y0 6,85 odle 4ol sl gl aY glare a4 s
¥l ogdle 4 [1] 05,5 oo (g (S yhzr Gralidl el (2S5 0 )8
Ol 995 5l (@95 Cuglie ool mhaw ;o lalw 3 oS JSas Jlae 5o
dedie ;o 45 5 eblen Ll ool Gl TICN pgo aY [16] sao
Ceoglite 5 0592 (Jlo (T (olo LI s ()5 pesilin wab oLl
ons bl (ALO,) PW?‘” QeS| o Y 0l 58 e ciule
Bl 5L aw wiile g 5 g3 lews Ol 4 Cosslie a¥ ol e
WSl ol 05 o0 PSS )5 g Fomb slaaY 4 o)l Jlil
T11 0,00 55 o9 Hhams ol 4 Cwglio 4Y ()

S5 om pleed Sl ey CVD )b 5l iy
I, CVD g, 4 po i dnld Soles 2 Ko ob pll alisew
'“'\'QQLSQ QL'*U

ol oo &1L Jgam jo poibg onl,d sle pate

Fig. 1 Drill sketch with three layer coating TiN/TiCN/AI,O4
TIN/TICN/ALO; Y aw i b ate Siileis 1 Sl

Fig. 2 Sketch of CVD coating process [1]
[1]1 CVD g, a0 (oo g ol b Solets 2 S

445

1- Grade

12 o )lesis 15 055 1394 siawl (oIS Sl Swadge


https://dorl.net/dor/20.1001.1.10275940.1394.15.12.49.7
https://mme.modares.ac.ir/article-15-10425-en.html

[ Downloaded from mme.modares.ac.ir on 2025-04-03 ]

[ DOR: 20.1001.1.10275940.1394.15.12.49.7 ]

Obled 9 V¥ )yasyd

69,5 3T 932 BGIA g ildes H SIS Ju)IS Ale Eoww (59, TIN/TICN/AL 03 43V Jia sldyinbgy ja3b

S jgm a3 L5y sloce o 3 Jgur
Table 3 Cutting data of drilling process

Jade s e
1400 ALBS 90

280 Ao o s

(N) Josgmmsl 90

(1) g o oo

ooz Slabd ()83 )5m sl it () ot S 5 (V) (o30S
70 555 ooguzme 10 by LS (S5 ate Ipl b (55,5 <ol S
235 ol [20] silie y90 2 s ke 03 6 0.2 5 aids 5
do g1 yrerkee 280 (s9yiay Cop g aiBs o 550 1400 Jar!
5945 gl 90 3o,k 5l ol O sy 4 (5,5 Sz Sldas ol !

A Lol wiloass aseine 3 o Lo L O JSii

o9 ake g TIN/TICN/ALO; Y aw jide b ate dlie ol aslsl o
oiws aSl 4 axgi b iailoads (6,186 U g P g las! codle b jidg
olid 1y ouiyle a5 olSiws [0 Al iy 0920 sGJ.i.a bls dg>g U
'“m'bkf

oz S Sliles plxl p3Y slass Plas (e jslaie &
2000 slass )5 ouslive 5 0 () 4skid 2000 , 1500 1000
3o 1yl Jowbio b ysie 4l g de Golw 6 uSojlail gl aslad
g oo i 5 (ol 0925 ali>dle LB die ol Oliee Fmb slaosl
L loate iolw g ool 5L olKiws 3l axkd 2000 (6,185 g 5 o anlad
o> 948 I EASSON S i el C2010 7 (6 g (6 S o 1ol oK
L g pSoslail calls g plp 120 olfiws cpl bS53 a0l (5 uSejlul
Ol 3 Aol 8 S e a0 [21] 5ls Fosks 0.002 -as
S5 oslasl olfiws (ol b oaxkd 2000 ;o 5l ax laaie ol maw ol
Slo g pldl Leitz 5,6 el CMM olfws b g3l ygm Hhaé o
Mahr <8 5 co-le Marsurf M400 ? i ) olKiws b #lygw adaw
[22623] st s o Foyl Ll

Fig. 6 Assembly of uncoated (U) and coated

1- Vision Measuring Machine (V.M.M)
2- Roughness Tester

12 oplosd 5 055 1394 sisuel oy Spilo o iieo

Ut 50 4 ol oad S ot 5 oIS Cead 40 51 IS dcgazme
ik G 3 bl oIS lio anksd 5 il lBg anksd 3
S Sy90 Elhgw WS o0 JB bogey e ;S Ceand 50 g e
Dl 518 L IS Cand 10 05 g0 ()G g ao diges b

9y ol 0ol ools lis 4 IS ol 8590 ()50 gdge
+01 g 90 ol a8 il ol 12.3 S8 b Flygw sae g0 S

b ghow &5 & 5 G e Hekate 4y Guizd opl jo Hla5 5550 ale
ool 8,90 Sioms o5 7S (59, yio o 18 3ec 3 123201 a3
a5l b kS g cnl ()5S hgm i)l 5 Gos @ azgi b 0yS 0 )18
S Sile S dlml 1y 4250 90 &y po g Fligw @p &5 ogat
(g 5l B e Gy S 6 Sble anlE 0 005
el ool (g, ile 18T slalnl byl 0550 Elygm By g0 Zolan
@3l oy U5 askad 31y 4 e 79,5 9 99,5 pl oSS cnl &
Cedlai 092y dalad zglas (y0g) prlane pae Jdoay

Oedbe (nl 0gb o eoliinl pgate rile 5l ile sl
Moz onlablge (881 Joiml Yoz Gl ates oy IS (685 g
G riay ety 5 590 b il plad g 009y Jate 53509 2SN Gy Jai
oBia] cpl Sl cmdle poal S USE 0 anlse 0 2S5 4 LS
gl (oo oowliv

hed see sl jeme wlion jeme 90 I pgate nile
LD JSs 50 some onl digd oo din ()] (59) 4o &5 bl Joimn
Qb e Y Sz 50 p90 H95me (69 pay g Sl 00 o0ls ylis 1ol
90 Y eme bl g lal jo Ll s ol lis 2 o)leis b IS 0 4
o2l slesl g lasl CS > eoguse a5 el 00l Al ugg e Sus
5 Joil 599 99290 Srtem 5 (Shp Slate s e e ST e
ol ool @51 3 9oz, (59 pdn

Fig. 4 Section of hole 12.3 mm of brake caliper drawing [19]
[19] 5055 sl a1 yio hoo 1213 J1ad b gl gm0 o 4 S5

Fig. 5 Multi spindle machine for drilling Samand brke caliper
Sio jo35 5ellS ()5 jou Jotl Yoz pgase (rile O YK

446


https://dorl.net/dor/20.1001.1.10275940.1394.15.12.49.7
https://mme.modares.ac.ir/article-15-10425-en.html

[ Downloaded from mme.modares.ac.ir on 2025-04-03 ]

[ DOR: 20.1001.1.10275940.1394.15.12.49.7 ]

Obled 9 V¥ )yasyd

G695 BT A GIBBgw Bblos y3 SIS du)l Ao &houw 59 TIN/TICN/AL O3 43V dia Sl yiubgs 436

o 450 ol O3l s ol a7 (69705 4y 109 S sl Giudbsy (3 4k
o die 0.61 4 axls 48000 ;I ey g o o 0.04 anls 2000
sy Cwglin lo by an iule 4 Cwglae cle ol oo,
Fomb SKhol oo 5 O)p 4 Coglin (iole blie jo ot
Sl idies die diged 9o b oads (g ) ile Flygus ad (6T ol ol
aba>de JSo pl 4 axgi b .00, o somlie 9 S jo il 9 g
Sl b g Gl st hals Glsse il b &g b o 85500
5 903 s ol (ial8l doec )0 A (55970 (g9 T3l a8 38l
B985 (5970 S99 (B2 Slag s e (alu b adly oo e S ol
Jole (prod 4 ool ale 4y lad g (6 950 JLid el g atdly o138l Ao
[24] 055 o ¢l ygms a8 (talBl azis )0 5 55 5o 3l ae Bl ol
90,2 Lol g ile t‘)ﬁ""” C“a“’ L;La & =S o5l C"L"’ O
dxlol l.a w00 45‘)| J0 JS..J 5 )‘éwy 9 wy 09N e dgad
J,:.IO dal.!‘so LJ’“"‘)B‘ 03 Ol.‘?u‘ Lgl.b C‘)g.w C.E.w S 6)159-‘)9.»» UL.LQ.C
Ol ¥l A jo A il g die Sgi g oy ad ol WS easy ol
SN pms 9 lp e |y (Fe,See slagis) Gl g i slegy
o Job (U las! codle b) L o aie a5 Cowl pou

il 9 dle Lelejl BBam oo e g dte 4 Cans (6 5keS Lo

0.7
0.6 il .
E + 5
]
£ 05 " .o
= 04 ®
[} + °
2 03 i e
X~ PO
s 02 F 1 °* P +U
o Q
e °
®
0.1 °
oo0°?
0'0 O I T O O N T O T O O O O O O |
2 © O O © O © O © O O O
o (=] o o O o O o o O o O
o (=] o o o o O o o o o O
N © O =« o o O < o o O
i L | — ™~ (o] o o m < <
Workpiece

Fig. 8 Comparing flank wear of two drills according to drilled
workpiece

axkad olaws Cow Ao diges 90 of3T maw iolu e dslio 8 JSCi

B +
124 | *
s - +++ " oo ®
e ®
-§- @ & *®
- 7 ©®00000,°
2 123 G
£ eP +U
0
o
Q
[e) L
o o o o o o o o
o o o o (=] o (=] o
o o Q (@ o o o o
o [0} < (@) ((o] o o0 <
- o o~ o™ o™ <
Workpiece

Fig. 9 Comparing diameter of holes with two drills according to drilled
workpiece

axlad Slaxl Cows 4o diges 90 0o Sloul g a8 Gl ok dslie 9 S

447

gy SN Sy Soe dliwgr Giolw zolaw g a5 0590 sla g
A ) (SEM)

o g @l -3
b Gl Gle anibre Gl sl (e 9szee slas il b
Fade 0.6 o 4 ats oyl maw iole olee ST 0sb o toly] s
[1616] ol oo, L 0 aite yoe o asbiw] Glae du p

4 16000 (o, 85,50 5l o icdbgr g ate ol3T ad ol olu]
plasl @ ate (ol oo iolo jlae Sl 51l oo, i e 0.6 51 s
Q‘?"Ls" ua‘fLu ol 47‘5.;0 CanSls &.m.l) Ls u~‘ ‘5)[55‘)9..» dolol g 0duwy
51 o TINZTICN/ALO;  (idigs b ae of31 v ol ol ol s
i ge L3 |, anlss 48000 4, 32000 16000 I 5.

o oibsr o9 e Glole (i 9580 ovalie &5 lizen
Loate slp ol onl g dum, (7C US3) 2 s 0.62 4 axkas 16000
535 pl ol il oo (7d JS2) yio oo 0.14 s Y 4w ity
o b S gw 5 28l (Ll aaks 16000 51 ey (tedgy g o b
3o ale oy o‘)'TGE..:&Lu Olme aSGI G 8l anlol P gy as jibg

L 00,5 o oomline 8 Ko o ol mlaw iole gpSoslal mls
XN,y dnkad slows ialdl L leate o) mlaw Giole S5 opl 4 axgs
2000 (5,85 0 5l mo iy g ae slp Jlade (pl 8l Gogro
0.6 ;| i 4 axkd 16000 ;| 1 g jo o 0.1 51 oo @ L8
Lawslie o Gislo ojlasl e av yide b ae (gl sl oo yo do

1 mm
AL

Fig. 7 Comparing flank wear of drills, right uncoated drill and left drill
with three layer coating
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