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3N 95 / Research Paper

faf =1 WRYT ST WX TIAIN fdeius &1 saoTeliad gt

Adhesiveness Evaluation of TiAIN Coatings at Different Loading Rates

Si. ada g
Dr. Kulwant Singh
Scientist H, Materials Science Division,
Bhabha Atomic Research Centre, Trombay,
Mumbeai - 400085
Professor, Homi Bhabha National Institute,
Anushakti Nagar, Mumbai - 400094
singhkw(@barc.gov.in
https://doi.org/10.5281/zenodo.17954217

AR

TR IA—TAIFTA—18ggS (TiAIN) faeios (coating) &1 Jiffdharefial SR F=igH
WERAT Th-ld §RT WA Wldl Aq&R (substrate) IR STAT (deposit) fHAT TAT| aRR W
gD IMASTYIAl (adesiveness) & HeAIdhd TRIA UIET (Thd <) BT IUIRT FRd (Har
T | U8 APhAId A LI & dellud (HIes) T IR ded MR 4R & d8d eRT Tgad
ERT & Ber¥) B GRT ERE I BT fhaT IR SMeRd ® | @RI ROl & SR ol Bl HROT
X (loading rate) # uRadH f&ar T &R fAIfid iSid W 39 W1d &1 fagerwor fdbar 1|
ERIE WIEvl & SR [JlfUd MRiSid (adhesive) Td THGI (cooesive) fawmerartl @ foy wmifaw
AR (critical weight) @1 ATAT AT | fART 9RO &R0 UR ©YOT oTidh () b1 MR fHar T | &8
AR &1 ST H et § RN Q@1 T W IRA & 8 & A1 FHIdh [qHerdl & g Gdl
TS | S ST YR WR, JAMESTh [qherdr, Biam T faelfid uarel & Bic ghs a1 Blald 31erT
BT (chipping), AYcEST (spalation) i BT & IS Thel P T PR 3T BT AR
o= / fargarst (delamination) ST ST AT
Abstract

Titanium-aluminium-nitride (TiAIN) coating was deposited on stainless steel substrate by
reactive DC magnetron sputtering technique. The adhesion was evaluated using scratch test. This
technique is based on scratching the coated stainless-steel sample with a diamond stylus under
increasing normal load. The loading rate was varied during the scratch tests and its effect on the
coated adhesive was analysed. The critical weight for adhesive and cohesive failures of the coated
adhesive was measured during the scratch tests. The coefficient of friction (n) was determined at
different loading rates. At low loads, the occurrence of cracks in the coating, and cohesive failure
with peeling of the top layer was observed. Whereas at high loads, adhesive failure, chipping or
breaking off of the coated material into smaller pieces, spallation i.e. breaking off of larger pieces
of the coating and delamination etc. were observed.

& Teq : IMMHGH; ARGV /TR WIT: TIAIN; HHEH W, 9RO (loading) &X; EHUT
TOTIb |
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Sf. gerad {8, A= qRoT a=1 9R TIAIN faed &1 srdseid Jedid

Keywords : adhesion; scratch test; TiAIN;
magnetron sputtering; loading rate; friction
coefficient.

TRa

G 31‘3’9@"?[ (applications) ¥ TiN ®IfeT
D1 TS IA—TRAIMIA—8LSS (TIAIN) &
@ gRT gforenfod far i € [1]1 TIAIN
PIFST Iod FHORAT, d¢1 g forara ufeRie,
Jed ARAHROT IR iR dre & 98
& UeRid dRel € [2]1 TIiAIN 3rerar g
WE DI B 3 DT DI M TSR B
Hifde ar e d@d=ral [3] (deposition
techniques) @ §RT STAT fhar ST AHar |
TiN @1 o= ¥ TiAIN faifd arg (TiAIN
coated metal) FEF (machining) 3R ffor
TN @ UH Sf@ell & forg Jgar weeA
SOl €, 91 fd TiN g 3§ TRHAIFRE & e
W 3R FT (instruments) B FIE IR TeHITIH
sifaaTgs & R & AT & HROT BT B |
TE fdolud (coating) & UdTe ATHM TR
(operating temperature range) T ST TiN fdera=
MR & fofg 500° C 81T 8 TIiAIN feros
3MRERYT & forg 800° C T 99T 3T ¥ | TIAIN
JRTRYT A& W BIaT &, forgd aRvmRasy
BIe & @S # HHT AN & | TIAIN ferms
g o7 EXl =IdH ED (lubricants) & SUINT
@ AT ST YA W Pled d A &
AT & o SUYTd 991 8 | SHBT ST
TIscf M, T, e fAs—arg, o™
W, MHs—arg ¥, d1drec—hIHIH
—Aifetss=® (Co—Cr-Mo) 3R &zd @l & a9
AF H AP [HAT ST FhaT 2 | 39 TRE
@ ofd & T HEdQUl qedidh AuGel H ¥
UH ASId Afdd (adhesive power) [4] B
fdeld™ @fR eTaR<R (substrate) & dTa 3MRISTH
T Heich=T WRIE IIET0T BT SUANT R fhar
ST Gl © | I8 TIET0T hde AT SR SRD

(diamond inentor) &1 fUd T (ATHRIG: 20

A 50 Y MPIR) WR I3 gRT Tl 8¢ T B
g W RaP ©U A A (WR) I Fad 96T B
f35a ST 8 1 SR (indentor) 3200 um (ASTM
AM®) BT AH—I3T (tip radius) BI & | g
T AT ¥R (A1) BT 1 N | T 3ifSdmad
100 N @& SR ST Fhdl 8 | RV &% 3R
WRiF &I a1y @W—EiRd & Sl 8| @R
RIE0T & JRM, 98 WiehH, o R T @I
ReR (fix) forar SI7am &, &S $u & Faar 2|
SR® W, &fdh IGT (Acoustic Emission—
AE), &89 §¢ (Friction Force) 3R &g (depth)
HI0F WER oY I §, S @R e &
IRM Sl Bl FRAR Rapfe axa € | faeiuT o
feraret & foy a1 99 9eR & Hifds IR
(critical force) TRWIRT fy 7T 2 | Uo, F¥ioIdh
Hifdd TR (cohesive critical load), 98 ¥R &
R IR STd fatherdr 8l &, a1 faerud &
AR fAerar o b faed & iR 9ed &RKR
IR SO o fAwerar I & gie
(chipping) e, WHE€T (spallation),
faqed™ (dellmination) a7 V=AY fadl Y "e=m
B I orad faous & I e
(substrate) SR &1 SITCT & | @RI TR0 &
U 918 USRI GEAaRIaT (optical microscopy)
# @RI U (scratch track) P T@HR AR WX
T TR 33Tl YR UR BIel oidx pifdd
R T fhT ST A © | TRIE INIET0T & SR
T afid S (AE) ddd a1 g0 9o
(friction force) @a8R H URads & AT Hifdd
TR Gl 1
iR o wewdfad faar ST |dar 8 | adae
T SR HIIE M TR gRT oo™ widd
R ST TIAIN fdelus (coatin) & ST
(adhesivvness) TR YRV & & JHIG BT oI
HIAT B | TRIE TR & SR U a9 JoT
3IR s IS Havdll BT oA AR Jar T
P TS B | IRV X B A H GO [onich BT
Toaiae Y far a7 7|
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faetus

TIiAIN fiheH SRR S¥UTT 3TaR (stainless
steel substrate) TR IIfATHATIN (reactive) dc
e el gRT faoy wu & Afia sars
(custom built unit) ¥ TIR & T3 | AdE B
AHTS SRR Tt | DI TS, TAT TNed BT ATIHA
60° C I@T 37 T | &R Ot H FHTs @ 918,
IR ARLSH B 33% (v/v) BRSO FARISS
(HCl) & Saiam a1 |+ aRo7 u_Isrd
(ultrasonic) &N & &Y ¥ fhy Y | AP TROT
$ 91g, AHAT H |l Uil 9
T T 3R R erwfad @RS (distilled
mineral-DM) U™l | €T 7| fdus @
STHIG AT SIS /I JaT8 & 20% 4T UR
faam 1T | SIS SR TR & dehfeud
=19 Wi qlel T MATDR Aloidh &g e BT
SUART fHar 737 o | & &1 A 160 A
3R AT & AU (C,/C,) TP o | Foll
(rotary) U9 gRT FHffa favaRor (diffusion) 9
DI FERIAT A BT H <1x10° mbar (<0.0076
mTorr) &1 fafd (vacuum) &/ T TAT| S
YE&dl dTel 3N AR ASgIeA 49l (FE!
>99.99%) B fh & wer # R faar ar | |
WA # 3FF 9 &7 ¥aT8 20 scem R ReR
YT T, AT Rl TG ITHIT 4x107° mbar
(3.8 mTorr) TR ReR IGT 74T | Ao U8
®1 AqFHfAd fear Tar M 20% B
ASEI / Tl I JaTE STUTd & 39 gdyford
A W U IR fHar AT oY & SHa @
ARM, FaR DI —100 V. R I (bias)
o T Td e GRT DI 0.6 A QT AT AT |
U & ST & SR, BIs d18%) arad (heating)
TE BT TS oY | eI W IARR B A B g
60 et <&t 78 ot | <leg BT 0-1000 V (6 A
Jferpad) o ReR uw¥er a1 wfdd (direct
current—-DC power) GHTCIQﬁ @ AegH A faorelt
Bl GﬂTCjﬁ BT TS ofY | g STl (substrate
biasing) @I TR drecst (0-300 V) iR

&RT (current) (0-500 mA) &I ReR Ul &RT
ofdd @ yfed & wreIH | AR far |
Agegs faoius § d8ax ST U o+ &
forg, @ TN § WeW Ul @&y (Ti—Al)
U] & U Udell o1g SR (interlayer)
(<0.2 um) ®1 e H ASEIoA Bl Fwamd A
Ugel ST faT T o | U TIiAIN @ &
Herg 1.8 | 2.2 um & AT 7 o |

TR TGS Y&T0T (scratch adhesive test)

faorm & fog g smawaedr ag €,
5 ST @I TS fhew R ¥ I8! TWE |
TSI TS B | TR RS TR U arforiodds
arferd ©Rid 9¥ied (CSEM, RacoRels
) &1 ST FRS fbar 1T o, St e
A SRS Wi (g AN BT 120°, 30T
BT 200 ATgeHIA) IR yHri GerelRiar |
gafsera o1 1 9 30 N T Rad wU A 98
AR & T&d TR §1¢ 7T | 10, 30, 50, 70
3R 100 N/min &I 9RO & TR AT
R fHy U 9, Rrad @R o d9i 3 A
R ReR ! 5 o | f olg 30 N 4R T
9 IRE ¥ fIwet 981 g5 o, g4ferg 30 N/min
BT ARV TR R AN AHR g BT 50 N Th
JTPR WRIE YRIETOT QreRrdl AT | faf= ot
e gcrel H Ped XK, Blad, Agaded
(spallation), UcTref &7 Ured UaTE (side flow),
rifere a1 gui favdao (disjunction) ST
2| 9o IR & T wRig ufoey R i
AR @ fdoiud fAwerarg el 8, yari™
erefRial iR O¥0 9 AT gRT M7 o
|hdT 2| I8 gea feam w7, & emdee
fawerar | gyor 9 iR AE AF H @S
g & AT I g3 © | eI AGaD (acoustic
detector) ST HeT ©U | VR & QAR IAoId
& SOl BT AT B, FTISAd & HUR ATl
ST 8, 3R geH SRR @ oA iR TR |
@™ arel YOI a¥T IRWIC (shock wave
burst) & HAEIH H U & JHAE DI YA
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<f. goraa Rz, Aaf 9ReT <=0 W TIAIN faeds &1 smdeeie i

BT UaT oI © | &afid FAddl (acoustic signals) @ 9 T&AT (vibrations) 3R faeros fawerar &
dr9 U | T | TNT 961 §Ad (friction force detector) WRIA TRIET0T & QR TN I DI AR
Repfe o= 2 | e & e, 3ol B a7 3179l &Ifcid B WX ON0l 91 9&e Sffdl @ | S2d 9R
TR FIER BT R B @ forg, 50 N (30 N/FAFE & R &R WR) T WR ITH WRIF YRIEToT
B SEREAT T |

gRemy 34R ==t

GRIT TRET0T & SR AT YR, |97 071 (friction coefficient) 3R &afd SowiA & T
Tof fbU T | U8 <@ AT R, f 30 N 9R I, Ber T, Hud iR gl T, faeid uered &1 3T & iRk
TATE, TR UATE 31T HE YeIHl R fyer 3iR 37ife fadaoi (disjunction) <& 14T, STafds gof
oo T8 UrT A7 | ST YR R AagR Bl FRIE0 BRA @ g, 50 N % WR 9g1a WRId
TRIefor fohar T |

HINYT (loading) SXY I YHId

13N .

238N T 255N 28N
3 1: faf=1 YR W 9 Bfdqi (micrograph) (WRY &x: 10 N/fAC)

1 H 10 N/fAe & ¥R &R WR g Y @RI RIeTT & oIy STelT—3Teli T AR &R &Rig
Ty 1 e Bt faars M5 21 8 N R & dIg &R AT Blald 8l <@l T3 | O 81 9R 13 N
Td qeT, A BIed <@l Mg | 17.5 N 4R TR FU IR 8C s 3R Bleld & ARI—ATY BT TR
Al aM$ | 23.8 N IR W, IR AR e g T3 iR Ugref &1 yarg (flow) Y& 8 TAT| 25.5 N
IR R, I T gAY Iod A1 Td de) a@ 5 | 28 N R, HFB W IR TS 3R ARre
faaIST (partial disjunction) BT |

o 2 30 N/fFe &1 9RO &R R by 1Y @RE w_ier 9 A= 4R R gew siam
(micrograph) f&@TE T8 €| I8 <@ 1 & 17.6 N YR W, Bl ¥ W IRd g ovll, Saidh
20.5 N 9R 0R &N G181 & | 23.5 N MR WR SRR ofdl, T8 IR AT 81 T3 AR R
w0 | fIFASH (disjuntion) 31T | 26 N ¥R W, uarl &7 YT (flow of material) I ST 1T |
28 N YR W, f¥er 3R TRRI &Y AT 98 T8 3R fhARI W yaref & yarg ¥ <@r Tam |
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23.5 S 6N | 28N
o 2: fafir=1 9 4R Y& sfdar (@R <% 30 N/fe)

piptE|

4 -':JH’-' .]'\I y f {

il

23N 25N 28N

foa 3: fafr=1 R W Y& sfddl (FRT <% 50 N/fFe)

50 N/fFe (o 3) @7 MRUT &R WX, I8 <7 7 {6 16.4 N IR ddal HU IRd &€ TS | 20
N TR Hfh7T 3R &I g% 8% 3R 23 N 4R W @S g3l | 25 N WR Ied (cracking) 3R
e @1 A3 96 g, AR BRI W yaref &7 yars W g% 8 W1 28 N W e, s ik
uerf & Jarg @ AT 961 S9! TS| 30 N & TRE IR O6 Pis Ao T8l awdm W |

70 N/fe MRV R R, o 4 9 98 W B, fh 14 N d%, BIs 1 I91d fA%erdr (cohesive
failure) &l W TS| 18 N IR W, TN, fFel 1 3R ST = T g1 FS 81 TAT| 26.9 N MR
TR, SR TEY iR o4l 81 78, gl &1 yare WY <@y 1| 28 N W, f5eas &1 7713 93 7, R
R ye1ef &7 FaTE <@l T, Af 30 N R T BT Il fawerdm (adhesion failure) &l g |
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<f. goraa Rz, Aaf 9ReT <=0 W TIAIN faeds &1 smdeeie i

98N 14N 18N

T 28N
foa 4: fafr=1 9k W Y& sfdAl (FROT <% 70 N/fFR)

218N

" 21N "~ 243N 28N

o 5: fafr=1 vR wR g sfddl ([RT g% 100 N/fAFe)

100 N/fie 9RO &R (R 5) R, 18 N ¥R R HURI URd BT g1 iR e < mar | 21
N R R, fdelg # R g% 81 T3 | 24.3 N ¥R W, SRI BT T (density) I¢ T, 3R fHARI
TR ueref &1 yareg A1 <@ 7| 28 N AR R, e 3R <1 fadae™ & arer ueref & v
AT TTT | 19 B JATT—3TelT MRYN &X1 WX fhU 7Y FHM YR WR TRIF Ufdwy (scratch pattern)
BT G B &, A EH W@ €, b T—I 9RvT R gl 8, fredn, e, ok uared &1 yarg
AT HW XA BT T, T @S NS T g ool § 81 & | o 1-5 #, 919 8-12 N 9R
@ 49 TR YA B ol B S 2, A1 F9F 9R R 9RY &R H ghg & 91 HH QY o
Y | faf=T 9RUT &R &R 16-18 N 9R & §19 (o 1-5) @RI U=y (scratch pattern) @1 et
PR W, Y8 <1 AT P S-S 9RO &R qedl 8, T AR 4R R Ugrd &7 yars iR a=N
HH B oI 2 | 31 avE, 919 fAIf aR9T R & forg 21-24 N 9R & i @Rig ufasy & e
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DI s, I I8 <7 T, fh HH 4R &R0 W y<1ef HT Ja18 iR Ade! QY 3ffed T &, 3R HROT
R g B I HH B Y| 28 N R W, faf=1 4R &_i & oy wRi= afcrde @ e &=
W, I8 W1 AT {6 HH 4RI &R W, 31f¥d Bl AR Ugref &I Jare gai |

50 N & @ R IR ©Rid

TR GRIETT 50 N dh & ATHRT IR R U1 1T, Riifb 30N TF & 9R IR, fdoig § &g
TSI 3O fawerar &1 UTs TS | 9RO <% 30 N/Ae off iR WRia &1 ofars 3 A <y 778 o |
faf=T IRl W WRiF 9y (track) & GeA BT fm 6 # fRwrs T |

26N " 35N

45N 48N
o 6: fafir=1 9k 4R Y&u sfdar (WREr <% 30 N/fFC)

o 6 9, I8 <71 AT & 19.2 N ¥R W, feT ok SRR 37E | 26 N 9R W, TR 3R e
& AI—A1Y YT BT Ja18 <@ AT | 35 N 9R W, [q8R1E g7 3R [HRI WR Ugrel &1 Jars 96

T, AT B SNIRID AT A7 gar | 45 N 9R W, IR iR 7R [THAs &l /137 98 s,
IR IR R et &1 WY Uarg <@ AT | 48 N ¥R W, faeRma, ugref &1 yarg &k 31ifdrs
faare iR W1 9w, o f fm | feamr g1 Srenfe, sewR | faom @ b
faAST / 3Telia 50 N YR ddb =gl <&l T |

YT OTH

AT 9RET &_1 WR By Y TRE &9 & IRE AR IR W 9T gyoT I[Onidh () drferd]
1 ¥ R g | wR= weor § 99 R 1 ¥ 30 N 0@ 9e¥ 9 ), u §R—4R dF] IR &
AT 9gaR 50 N /e @@ @l wRoT <=1 & forg 0.1 3R 70 3R 100 N /e &1 4R R & forg
0.11 T% §¢ T | ¥R # gfg & 1T °yor qoiies # gfg, SR wra # g & SR Brll © | &R
A& & TR RV &% g A I~ R 0% p WR TeT—3TelT Y9G Ul | &F AR (6.7 3R 12.5
N) ®R 9 10 ¥ 100 N /fi¥e T 9Rer <= # gfg & A1 &9 81 731, 18.3 N R W A Rer <@,
SEfdh Foa WR (24.2 3R 30 N) R I 10 9 100 N /e T% 9RO & 7 gfg & 49T (T Aifia
AT dF) §¢ AT | IR TN &, fh SO 9RO &R B Uoh AT 8, FoTasy 21fdies &R IR &Rig uRieqor
Bl gAlANRd fhar ST A1feT | aad™ Aol #, I8 50 N /e arm |
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Sf. gerad {8, A= qRoT a=1 9R TIAIN faed &1 srdseid Jedid

diferadr 1: whda Wi & IRFE A= ¥R wR ador s (w)

AT = faff =1 R &R \¥T TO1D ()

(N/min) 6.7N 125N 183N 242N 30N
10 0.05 0.07 0.08 0.09 0.10
30 0.04 0.06 0.08 0.09 0.10
50 0.05 0.06 0.08 0.09 0.10
70 0.03 0.05 0.08 0.10 0.11
100 0.04 0.05 0.08 0.10 0.11

«©af e ISt

ERIF WIET & GRM, &dh Icdoid Favd Id~ gV | 8 W% & wu H Rl fdar T |
3 Hohd R, o, faaaem anfe @& e &1 R oxd & | 919 RIEd & Sars 98 Sl g,
I8 WRE WE B ARM WR IR e # gfg B T 7| derRig gersel (optical
microscope) H TR U & i I 5! Gfe gg | WRIE G (30 N /e &1 9R1 &
W) & IRME U U AR AE I% fm 7 9 R 1 2

Acoustic Emission

: : T TN —\ AT 100
RGN s M W SR AT A
ML e VAV IY \+

+, W,,w"\t”f"’w 90

P R f

ol ! A }jSO

- : - 1 ‘ : : Fso
f | | ‘—AO

30

]

T°20

]

| f f Fo
| T i T i T f T f T f T i T i T i i T 0%
0.90N 3.81 6.72 9.62 12.53 15.44 18.35 21.25 24.16 27.07 29.98

T T T T T T T T T T T T
0.00 mm 0.29 0.58 0.87 1.16 145 1.74 2.04 233 262 291

B Acoustic Emission

o 7: @i g & dRME U AE UT% (ARYT &% 30 N /fise)
wIfd®d AR (critical load)

Hifdd IR P ST YR & w9 § GRITT fHa1 57 Fobar &, T TR faeiu /3rawaR gomed!
(coating/substrate system) ¥ BB A /AHG (adhesive/cohesive) fAwherar Y& &Il © | ST
f SWiad el 9 We 2, & 30 N 4R T, Ao A%l (Fcded, JawR 4 AMRH
faerae faRaRon) <@ T | drferdt 2 A= 9RO R R @RiE R @ R <% U At
Hifdd TR & AF BT AT 2 |
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darferer 2 : faffr=1 9ReT S R @RIF 9T  SRE ™I AT Hifdd IR

ST &R La Lc Lc Lcs
(N/min) N) N) N) N)
10 12.9 17.5 22.8 23.8
30 13.5 17.8 23.5 23.5
50 13.9 20.0 25.0 23.0
70 14.0 20.5 26.9 26.9
100 14.1 21.0 27.0 30.0

SiEl LC, = g8 wHifdd 4R O R $U R &1 87 MR el I gar |

LC, = 98 Hifdd R R R TN I+ & |
LC, = g8 Hifad 4R 59 W BRI W varef &7 yars <r T |
LC, = a8 wifded IR f59 W e /i e g |
&H TITehT 2 ¥ ¥ § b HURI URe Bl 8 AR e & oy srawae wifds 9R (LC,) IR
X H glg @ A1 IR—ER Fedr T | 331 TRE, SRR S B B (1Y Arawaes pifad 9R (LC,)
3R uaref & g (LC,) W 4R <) ¥ gig & A1 gaar T |
ETcllfch, fer /37ifR1eh fawiTst (LC,) TR WRYT &X T Y¥Td 3l T | LC, BT #19 HROT &)
# 50 N/min T BT ghg & A1 &ATST HH 83T AR R 9WROT &% 3 100 N/min TP BT ghg & AT
g 93 TAT| s 1 & b 70 3R 100 N /e &1 9Ror &¥ LC, & dr«iide A1 Pl S0
% foq 984 31 © |
frrsapet
SR HEH WeRT gRT el Wi ¥edge W T {6y MY TIAIN fdeld &1 geaia 10,
30, 50, 70 3R 100 N /9 & 9RO &4 WR 1-30 N IR ¥ TR Mo WIeqor g7 far 1|
[T TRIeTol H wRiE Bl Fd1s 3 R R ReRr ) TS o | 98 AN, YR & A1 89T 9 3fR
WwﬁWWW|ﬁﬂﬁr@ﬁﬁEﬁéW§q—
Ucrf & UATE, GeH SIN, b, JAifRe e snfe a1l & sfadiie # a8 urn 1 b
YR &R ¥ HAd gig & A1 A H < g8 I U R 9R WR, I HH AR &R TR
AN T I IR YR &R 964 & A1F HH B Y|
o TRIG W0 HAR BT 1 ¥ 30 N d® d6M IR, p dR—¢R 50 N /e @ 9RT =0 &
forg 0.1 @@ 3R 70 3R 100 N /fAFe & 9RO &0 & forw 0.11 9% §¢ 47|
s PHAR W p R &R ¥ 10 ¥ 100 N /9 &1 glig & A1 &4 81 711, Sdfdh Ied 9R
R ¥E YR X H 10 9 100 N /e &1 gfg & A1y el 9¢ |
Y 4R ge AR e (LC,), R FEi0r (LC,), 3R a1 & ¥are (LC,) & foy whifde
YR 9RVT &% & A g6 AT | Elelifs, wcds /HiR¥p faddes (LC,) & forg whifcrd
AR 9RO &% H 50 N /e d& @1 ghg & H1er ATsT HH 81 17 3R R 9Rer &% 4 100
N/ e 9 @ 9fg & a1 I8 9¢ 1|
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Sf. gerad {8, A= qRoT a=1 9R TIAIN faed &1 srdseid Jedid

o YRY SR B JEIIF I AT FoAdl & b @WRIT TR0 & IR 9RO €% BT Udb S SHURT
A BT 2 | 99 J1eud_ ¥ I8 50 N/ faFe 2

g U A ggad AU ekl d1 gurEede R wwmadd

Alphabetically Fizgieiesdhtermmology in JofaTaTT Wﬂ ) wreTach
Acoustic detector &I gD
Adhesiveness evaluation SIRNENICIIEE
Coating IEEEE]

Cohesive NNNE]
Delamination faeRor / fadare
Diamond indentor BT TgRD
Disjunction [ENRINE]

Loading rate HRUT &%

Optical microscopy PEAINGY Q&H?(f?hﬁ
Scratch test SITGRYT /@RI URIEToT
Shock wave burst T TR RIS
Spallation KESESH

Substrate SRR

Ultrasonic PRE)

RiCAd|
1. Koller C.M., Hollerweger R., Sabitzer C., Rachbauer R., Kolozsvari S., Paulitsch, J. and
Mayrhofer, P. H. (2014). Thermal stability and oxidation resistance of arc evaporated TiAIN,

TaAIN, TiAlTaN, and TiAIN/TaAIN coatings, Surface and Coatings Technology, 259, 599-
607.

2. Chi-Lung Chang and Fu-Chi Yang (2018). Effect of target composition on the microstructural,
mechanical, and corrosion properties of TiAIN thin films deposited by high-power impulse
magnetron sputtering, Surface & Coatings Technology, 352, 330-337.

3. LiuL., Tang W., Zhou L., Wu Z. and Chu P.K. (2020). Comparative study of TiAIN coatings
deposited by different high-ionization physical vapor deposition techniques, Ceramics
International, In press, Available online 11 January 2020, https://doi.org/10.1016/
j.ceramint.2020.01.092.

4. Othman, M. F. and Bushroa, A. R. (2015). Evaluation techniques and improvements of adhesion
strength for TiN coating in tool applications: A review, Journal of Adhesion Science and
Technology, 29(7), 569-591.

gd # Foiell deR gt # SrgAifed oY Sifel fae™ WahTRT, ISSN : 1549-523-X, I%: 23, 3% 3, Jells— AR 2025 13



3N 95 / Research Paper

73l ReNI$HR0T U §—aRR JURe & gH1d &1 fageiyor

Analysis of the Effect of E-wire Waste on Soil Stabilization

ARV 99’ U4 Sild o e
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AR

HEM < arell gt 3 faafed agm S 7+ &1 w9 # frar wR we@yut A # gRads gelRia
F 8, I8 drell Mgl (Black cotton soil) & wY 3 ST ST 8 | Blell HUN AEl & B iR
Ride &1 AIER TTetary] iR ARl aRacHl & gRa wifad 89 & HReT 81T & | dlell B A,
U @ U H M TR R 2 | 3 AT A1 # gRac UefRid wrcll 7 | T8 Bt 6a § 5 wrelt
g # dAreARamTge TMe B & @for wfiel 81 | 39 3egg d AHdR W f[agdiaxe & forg
IUANT fHY S aTel faS7el & §—ARI (E-wires) ST SUART BT 7127 7 | Ffeh dfell Uifiel= wsa”
IR fawh &, FeaRor TR 2 SR $HH 9o Ol d1ad © | I8 Mgl & Gaelaxyl & fofg Jad 31
ST B S drell Rigfes Qi § 9 Us & | SR—o 2eiexol 3R SAEfTHThRor gadl S
R8T &, 3—dR $T ITINT 41 I T8 ¥ 9¢ 271 2 3R Ig o< 9 famfed =21 enn 2 | safe, 59
o H UTdpfcies 4 A (Natural water content), TRl | (Liquid Limit), TTRed AT (Plastic
Limit), faf¥re 7o (Specific gravity), ATARA—THASIEI (OMC-MDD) 3R ISR (California
Bearing ratio) o1 faf=1 udieror smepfcres T R @] fhy 1Y 8 3IR R repfres drell dury el
3R $—ARI & AT W A= wieror fby MU € | f5H Brell durd A & g9 I 5%, 7% 3R
9% $—dR folg Y | el rcAd faeeryor uRommT iR ==t # fdar 1m 2 |
Abstract

Fine-grained soils or decomposed rocks that exhibit significant volume changes on variations in
moisture content are known as expansive soils. The behavior of swelling and shrinking of black
cotton soil occurs due to immediately impacted by climatic and seasonal changes. Black cotton soil
exhibits change in volume approximately 2 to 3 times on coming in the contact with water. It is
quite probable that the expansive soils include clay minerals known as montmorillonite. In this
study, the electric wires are typically utilized for electrification are used. Since polypropylene fiber
is non-toxic, resistant to corrosion and has a high tensile strength, it is one of the most often used
synthetic materials for soil reinforcement. As the urbanization and modernization is increasing day
by day, the use of E-wires are also increasing in similar manner and it does not decompose easily.
Hence, in this research the various tests like natural moisture content, liquid limit, plastic limit,
specific gravity, OMC-MDD and CBR are applied to natural soil and then various tests applied on
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TRV §9el Ud ol o, JaT ReRIaReT 1R §—araR JURie & g+1a &l fageryor

the combination of natural black cotton soil and
E-wires like 5%, 7% and 9% of E-wires by
weight of black cotton soil. The comparison has

been carried out in the results and discussion.

¥ ek : Pleil AT, Dol et 1 ReRieR,
SR, 3UARA, THSIS, Bferpif-ar drafe
T, TR AT, iR AT

Keywords : Black cotton soil, Stabilization of
expansive soil, E-wires, optimum moisture
content, maximum dry density, California
Bearing Ratio, liquid limit, plastic limit

9qR=g

Rifder goifar o1 faf= yor @ B
S HHGIR SN, ASlgd, 99 3R FHoR e
HToT BRI AT TeelT 2 [ 1] T RIfdet SoiiiR
& forg 198, iR A a1 el gt R 3
R G 984 gR¥dd BT & | Sl MR
I & G IR MAE! Bl AT HRAT B+
2, 39 AET ReiaRoT (Soil Stabilization) ATH®
qdb=lh gRT I a1 &7 e 2 | I8 Ay
@I HAN b (Shear Strength) BT IETCT B
3R el @1 fasT (Shrinkage), oI
(Swelling) @ T[oTi &I FRIFT w=ar 8, foaw
qrhd H GuR BT 21 [2]

ART H M AR W fawga e a1 drell
HU fAgl PET Il & 3R I8 9Rd & ol
A &5 BT T 20% UTE Il © | [3] e
g8 UM Bl A 8 b qRA I drerd
&3 3l e B 9 & faan | [4] A1 fE)
B ReR v & o &g a1 wier § S|
& e, Jif3e, I e, Xd |/,
Tyle IR or, Weed urd, gl wfoeerme
31R opieT ReIepRoT 311 [5] | 371 T aRiapi 4
U B 3R & AR H Yhole R Ford drell
g Fa¥ el da e 2 |

g AT SERT H 9AERT & A,
BH AN IR e gor drell 401 arfl &
QU BT ABIAAT H gl = I STa PRA Dbl

aeaegehdl Ual @R &1 & b wafaror B o
UEA & AII—ATT AFDI H g B T3 AT
DI ATLIHAT BT I IEd gY JaT ReRiawor

3—OR & USR & o § fa-ufafes
Il g% SUIN 3R AHHT Il § A Uh
2| ORd & 99T §—dR 980 SUART wifed
Il 2 Jfd ST & 915 39 4 & B T
ST 2, fOrad T|M g @ ok Ual B & |
gl S HeN H §—dRR HAR B AT ol
A 93 W | I§ AGAM Il T fH
R @1 &% B 10 A1 H IAA BT ST B
SADBT HIROT ST H Aol | gfg, TEqHRT,
AT Al 3R Sirae el H gaera
2 o SR 98 MM R Ge—da- bel
RET |

arfeca e

Bl HUT ST BT iR 31fts ReR g9+
&y ¥ AT Ieedl g o9 ReR &R+ &
forv w3 ARl iR dd-idl BT SUART fohar
AT 7 | SN & SOl I[oll &l J8aR a1
P foTU ATSPRE IR SR, ARIH Ufshar,
anfeiep ffgerel, SICaTerstl SrgaaT g e
BT Y ITINT 3R ReRadr R Hr1 fHar Simar
2| @UF oI ReRaRoT & Tl B AW
SOl Sl J—AtaRoig, AM@IERT AR
SFRETT T B WIS R b 1 8 | g
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fo faegaiadar smaTRa f$Sred, srgdma
vfcifehan, e ugld, ST fagervor 3R gy
& e ReRIaxvT &l HRad a3 & forg
P YGHRIT Tb-ild BT Al IR X@T TAT |

[7]

JEIgeelTE @ IR dlell fAcel &I ReR
H & oy o3 Jmfdne uerd Suerer € |
S BT AT BT NP ®U F AEID B |
=1 Riforar, Awe Ahie, TS U, PIOR &I,
el FAE), IR B eliT TS SUTe € S
qIRET & IR © | fad g & Reriaor
B Th-Iht R W Tt B TE 7 [5]

A BRI BT Seed = NRITS @1
SRR &R & FAedl & @l AT G
wiRed A8 &1 gord B FEfa o g
ATl W SSMIey | Yoid Wi&v axd
JATRTSTd TRV AHA 31U | ATT—AT
IRERTE BT A H TS AN T—37eTT Bl
T & fSEfie qe @ a1r o § a
g | €T uep BfST Higel ueror B yHTaierdr
oI gie 31| [8]

9 U ¥ I RIS disha )
B ol AT BT HH IR B forg RS @
S BT TE B SR gHD Jor T I Rerdfiaor
fafy & @1 1€ 7| 9 9 deeEe s R e
3MSHIER JYFRT BT ISYANT s Gor AR
e & wifa—wifa Swifaa werr f6g 17 9
52 fisror & qRa 918 Siae fHar a1 o |

U @ ATF 3 QT Bl Geh i Bl AR
S @ 9% S WEAT d A T W
URIETOT QTERTAT 1T | 3T URIeToT el Hems
@ A1 3R IFS [G77 F & ReRigpa Al IR
g g ufleror < *fiel e @1 G |9a &Y
s | g ReriaRor wRievr & Aol | uar
FAT o MAT AETH Yd—deHIge B o
&A1 Pl BH PR ol © | 39 THR A I8 A0
I TAREIST arell TAET &1 ol &aT &l

PHH R P oI IR THh1h & ©F H BMH BN
AhdT & | gt o f e o, g @
SYAR 98 YT AT | [9]

S 3T BT Ieed fawga gRRerfcr #
gl @1 For BT HH B H Ui @ ;A Dbl
UHTIHTRAT BT MMBHAT BT & | ST TR uderor
3R ATt fAET # 37ewT g 3R Rid HIsaR &
gfgeiret A3 1%, 3%, 9%, 31 18% A 2|

el & fa g | P o o s
Afhd I eMfAe fhy S 3 A9 g
wU W FHH 8 S | R WA 18% W Fa™
31t gTaRiierar fa@rs, S9a a1e S B
IR D 1 I BISaR AATHR AThel
fpar | = goR & ®wIgeR §aoH |
Fay Rerar # gur f&ar| e frgr =1 #ref
A & JeaR v fhar| fspd, amra sk
gvTaeieral WR el fear T &k fAE @
o @ Rl FHEM & wY 9 4l & =0
B gafaRer fa=ar o | faar fasar T [10]

fa= 2 - g Rerar & wra

el Pt Swrfeddia Bl & Sarevoil
#9 w21 A g Rifde aiftansit & forg
THRITY Wl Hell & | A= 3iR ey w9 |
J—TTbiIe] AT & foIg I O & &
BHROT ITH WIUT AN BT JHaTT ggand
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2 | TP I¢ ISl | ToR DI D] &,
<IN, |Heur, gA18 g, WIS dld, de) dd
IR e B sHE AR A @ forg
fafr=r 7@ ugfedl R & TS €| smaad
gRad & FHRIT 3R GAIR & GRel &
fore oy o= FRmet oiR ARl W fRaR
| g9t wRar g 1[11]

JIUT W 3R ST HIIY A AU HBIgaR

2.9 @) dINY 9 adaT

e el BT Ase | UhH fBar T
3R At e # g 7Y SR gar § g
% forg Hamm AT g1 s9e 9% ded
@ forw g1 & T @1 Sl 8 | 39 91
g & qadied oI BT UaT T ST § 3R
R S—arR} @1 fAsor fhar Sar ¥ s—ari
®! gl # e @ forg f=faRad ==ol &1

I BT SYART B ST RERIBROT UR 31T

Tel] Rl BNTT— fAE] & THAT DT A+ Hidex

B IR [T ITD HLTAT BT = SeY
Y—qbTeb] IIANT H 3TURTE BIgaR AT
& SUINT B @ BIAT AR QT SAIT—3TelT
gl & T R I Haxeil GIEv (Shear
strength test) M1 (Y FUST ULeToT
(unconfined compression test) ®R® SISA)
g1 (unsaturated soil) @I Ha=-l TTHA U
NIRRT UleAHUTS el HIgeR & UHTal T HRIIh
BRAT © | U1 YROTAT B AT &1 T 3 B
S § SR ANyl gfedlor & g o
TR g AT IS G B g d & W H
BTSIR GGeIbR0T DI ISUATRIAT AR FHTaeirerd
@ IR ¥ fospd Narer S B 1 [12]

1. 3ruf¥rse ugref

gl &1 ggeraeR [ISell & aRi gRT
far = 8 S wad A1 B0 o e &
ferciiaxvr & a7g o= Iufdre ugref ¥ | s
BB T I 9] Y § —
arferdt 1 : SuAT § fore ¢ §—art &

oy
o HAT
TEe, STgHC 2:1
(ciaTs / =aT) '
BIREREC IS 1.6 mm
RIS RBSCIE] 3.32 mm
fafirse Jocg 2.51
e gord 1200 kg/m’

HEA WIEA0l & TR I Fafed A

3MTFRAY, TSI W Agfad far S 2 |

o TTHM T H BIZIR GGeldR0 B
fore @rell et & a9 &1 0%, 5%,
7%, 3R 9% wfcrerd feram wam § |

o T B TART H IR BIGIR BT SYAN
&l T Srar © ar ga1 | @ arell
g o1 urlt @ A= B A e
ST ® o gl @) ot R iR
BT B

o AT ISR FISIBRU BT ITINT febar
SITAT & @1 BISER & 319+Ts T3 ATTHT
Bl Ugd BT A BIC-BIC RO H gaT
H garg s e § A T o, I8
JFAREd PR gu b al wrgar sreel
e | i3 8 Ty, aIfd vh @naiRe
®Y A AR Ao U 8@ eik R
JMITIHATTAR T STelT 1377 |
difer®T 2 : STAT A fIU 10 §—arRl &1
S EINE
T SEISE
BCS + 0% E-wires | @Teil el 9 —aR 0%
BCS + 5% E-wires | ®rell el @ §—aR 5%

BCS + 7% E-wires | ®lell el 9 §—aR 7%
BCS + 9% E-wires | ®lell fieel 9 3—aR 9%
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3. ®rell figdl wr A= wdiegor

darferat 3 : yTefae drell friedl A fa=r
$—aR @ fasor & fey Tv whaey @

diferat 5 : UTHpfad drell e 4 @ik
$—aR @ fasor & fey Tv whaey @

gRoTH
9 AEAT % | MDD
T (OMO) (gm/cc)
BCS + 0% E-wires 13.75 1.80
BCS + 5% E-wires 11.70 1.83
BCS + 7% E-wires 10.90 1.87
BCS + 9% E-wires 10.20 1.89

R
oIeToT qRemH
qTpicies =4I 10%
(Natural water content)
et 42%
(Liquid Limit)
R 29%
(Plastic Limit)
Skd 10%
(Plasticity Index)
J 2.351
(Specific Gravity) )

4. 3rcl fcdl & 1 §—aR R A=
geror

®. JexEd T

5%, 7% 3R 9% I—aR BT e & e
TR IRl T AT 9.75%, 24.39% 3R 39.02%
B B ol 2 |
qarferdr 4 - Urpfas arell el # &R
$—dR @ fisor & fey ¢ e @

g
R A%
M (25 9% & 3rgHY)
BCS + 0% E-wires 41
BCS + 5% E-wires 37
BCS + 7% E-wires 31
BCS + 9% E-wires 25

. g gd&Ior

5%, 7% AR 9% Sire R el BT TSI,
gl & ao[ & ITAR S—aRR HHT 1.83
gm/cc, 1.87 gm/cc 3R 1.89 gm/cc TTAT ST
2 3R Hdfd SNUA=ll HHel 11.7%, 10.90%
3R 10.20% AT ST & |

. California Bearing Ratio Test
GIELEIN)

5%, 7% 3R 9% S—aR &I g # e
R ST o ¥R AR (Soaked CBR) A
PHHI: 12.5%, 107.2% 3IR 151.1% & ST 2 |

arfereT 6 - UTefae @rell ficdl # aix
3—dR @& A1 & fHu v e @

gfRer
IERIR % | HIERIR %
AT R5mm® | GmmD
3TF) 3rg%H)
BCS+0 % E-wires 4.96 3.69
BCS+5 % E-wires 5.58 4.92
BCS+7 % E-wires 10.27 9.80
BCS+9 % E-wires 12.49 10.39

fersm

A IR eI A Sedlw g 8
& S—anR SUfdre w1l e & ReriwmRor #
HEe@yul ARM & @ 2| 5%, 7% 3R 9%
$—dR BT Preil AL 7 A R 3R wifg—ifar
AT U T | TR @ qRom @ SR W
TE Ul gl fh SR—oT $—aR &1 AT 98T
MY IH—a¥ Blell A AdRIIS g YHTd!
9eaTd fa@e ol | S8 3—dRI & 3R] ®f
W ST fhg O # Agg fAerfY 3iR gafeaRo
A1 YT BN | 991 DT | 31 Wpiad e &
g A 8M W —aRi 7wt gRomm
femy €| arfecy &1 e # Y uydr gerdr ®
% §—anR e | fied) gge e 2|
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SUERG 3R srgueRa gt & aiRomal & germ

gt STAIRT IR U= et & uRvIHT &1 el & ARIH ¥ FHe7T 101 2 | o avet
AT, MR, TSI 9 AGeR & gRemHl BT Widfad Hedl | gon faar T g |

& B & "eg 7 ava @ & gaa & SyAig A squaia B &1 s @1 gan

i I Natural Soll
B Natural Soil + E-Wires
- 11,7
10.8
= I 102
=
FE. I
5 7 ]

HNatural soll 5 7 9 Natural soll
% of admixture mixed soil % of admixture mixed in soil

Liquid Limit (%)

A S
£
H
4
__§ s
(]

Moisture content (%)
= = @ 2 n‘a B

. IUEIG A FqUAG A1 & TS @1 gaer H. SUEING JY Fudiig il @ ST deq &1 gadr

14

B Matural Sail % CBR at 2.5 mm panetration
2.0 B Matural Soil + E-Wires 7 % CBR at 5.0 mm penetration
187 189 124
i e o e
iy 104
g T
E 16 Eadipil|
L] a 89
% 1.4 g7
5 2 o
a B 5]
L)
g 124 4]
34
1.0 24
1]
0.8 - [
Natural soil 5 7 9 Hatural soll 5 7
% of admixture mixed in soil % of admixture mixed in soil

TFAE eI faaiRa g & ReidRor § §—ARI &1 SUINT A & oIy v ywrd) fafy &
WU H B PR FDdl © | Iy §—ARI & JT—3TeT R & AT Uipfad Mgl W) fHy Ty
ToeToN O ST B |
o YUEITH FHIHROT 71 Ui g &l 7o wnRefidt (01) &1 Fefe Mgl & wu #
Fiffqa faar 2 |

o URUH ¥ YT =erdl & b §—aRI 7 g FET &1 arehd fARIvdmeil 3R o Fa8R Bl
JER g9 # Agaqul AT g 2|

o IR B S W UIGHfad A & del A1 &F 8 Sl 2 |

o TH—O fISTell & ORI &1 AfIerd 9edr B, UIplad FEl Bl NTHRA HH B & 12l
SIS 96 Sl 2 |
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o SN IR FETT AUGS! O HFB BRI BT THI S A1 ITATRG e & AR q-eror
ERT AT g AThd R PIB] JHTG TSl & 3R A1 & S & SR 5 &9 H @1 ST
EUEY

o IT U AT B b A & ey §—ARI & A & forg arha Uil H S1fdehdd JuR gai
2 | 399 deddl SR peury fFEil M1 7 fawga fEl & i § gur & fog sieiffie ok
ERE] PAR BT IFIIANT Wio H 7ag Al 81 S—ari d B & q—adb-iid! JguanT 4
SUART BT e FATGT 8, I fefor aRAeIel W Wy &R U s9m @1 U g
TP 2 |

o 3 T ReRIHROT &g Hfd—Hifd TR o U g&Tll T YANT H <RI S Aeball & IR
Solfdgd AR e e d 3ielfe SURre 8 & |1 &1 Jal ReRiaRvr § 3/eq qfHaT
RRICIEY

| 3R GRIB & I & ITATT 59 UG B GAaeiedr I FARET B arel b

PHRD W T O 07 3R TR, eR BT o, o= URd B1 HICTE, Fo= YA, IIaraRol, STof
arg uRRerfoat anfe €1 [13]

g U d ygad U wesl @1 guEeie §d wwmad

Alphabetically sorted JoiHATeT A fadl
terminology in English HEACK]
Fine grained soil IRI$ S drell e
Soil stabilization a1 RerieRor
Liquid limit Rl AT
Expansive soil [ESEREEE
Optimum Moisture Content IEAH THI HEAT
Maximum Dry Density AT Ih T

NE]
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WIS JMRMRT (Al based) fafEdl g1 Wiegil # INT @1 ST HAT IUARM BT & Rifdh 3AD
TRUTH WU A RS el H A Bl S Ud I9d A DI UishdT § oW+ drel qHd
H HHT AR & | Uil H I DT IEHAT AR IMAF JHAT BT HROT I T | 31T, BT U
31feres T IR BraT B forad aRUM W@y Mg, &I Beel BT ScTad HH &1 SffdTl 2 | 3T & Uil
H JFIRIS wWie (SaTy] e, ol bel (TR ARIS) AR it IFT (IR BT IG3M) O AT JATHAR
TR UIT ST & FOe o1 3MeH §RT U T el ST Adhdl & | $s eyl ° JaeiRad Wie T
DI ST B & Sdfd oh dol AR oh We ol 3 FIRal o ey ey or =2f 81
2139 UY UF H g b U H U HIAIegITA Rl edad (Deep Convolutional Neural
Networks) BT STANT &R I BT GdT T B foIT T Taarferd Yommed! fawmRid &= &1 ddb-iral
BT g faar 11 € | 39 Hisd & i g DI YRR BT SUIAN IR g b U H A9 B
U BI ST Tl & | A Pet 3R A IS P SICRIC IRA & HLIR &3 A Jgardd w9 I
TR fhar T 8, Safd SaIRad wWie & folv STerie 3ifHerg ©iehi | Se+ars fhar ar
2 | WYHR SICRIT BT IUAN, Y AT Alsall, WgAgd (CNN) oI 789%™ V3 (Inception V3)
1 ARME w1 & oy fbar w31 8| g9 3felrar, AIeAuE iR AW 91 3% 4 JcAd
faeeryor fhar T, Sl WU B 84.78% HI Ui AIHT (TestingAccuracy) el 3R
U@ 41 39 WTAUH F I8dR Y& PR 8Y 96.00% BT URIET0T Al fa@rs 2 |

Abstract

Detection of diseases in plants by automatic methods is very useful as it reduces the time
consumed to monitor diseases and their prediction at early stages. The diseases in plants cause
significant productivity and economic losses. The peach plant is very prone to diseases which
results in the decline of peach crop production. Diseases like Bacterial Spot, Leaf Curl, and Leaf
Rust are commonly found in peach leaves which can’t be identified by laymen. Several studies
have investigated the Bacterial Spot disease, while other diseases like Leaf Curl and Leaf Rust
didn’t get much interest. In this paper, we have suggested a strategy to develop an automatic system
for disease detection in the peach plant using deep convolutional neural networks. This model can
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be used to identify diseases in the peach plant
using the leaves of the plant. The dataset used
has been collected manually from the Kashmir
region for Leaf Curl and Leaf Rust, while for
Bacterial Spot it has been downloaded from an
online platform. The combined dataset was
trained using CNN and Inception V3 models.
Further, the comparative analysis between CNN
and Inception V3 was done where CNN got a
testing accuracy of 84.78% and Inception V3
showed a testing accuracy of 96%
outperforming the CNN model.

™

& ¥eq: dFIRIT Wi, Huaed, feforee
SO AR, SRR V3, Wi A |

Key words: Bacterial Spot, CNN, Digital
Image Processing, Inception V3, Plant Disease.

=

IRA U&h $Y U < © T8l a0 @
SNIHTIT STTATIT UcdeT AT AU 7Y A Y
R R B Bl § 9Y SH 9Tl 0T Uh
TR E9AT 8, Sl HiY IUeT DI g4I
FRA T | [1] TUHTSN & AR, Hiuoidl
ST, YR D Rl STIAEAT DT 67 Ffererd
2, PY BT AP o] SUE H 39.4% =
2, 3R Py aegail &1 Fafd 43% 2 1 79 ¥B
gul H, A IUTeT @ o1y 3ffdres A Fafta
P TS B, AR fFAE A FF A A IR,
PHITATD] R SdH TG S e & STIRT
@ wregd | USrEarR 93 H 9%d 8¢ © | Al
29 IRy U | 99 3R $eAR & IR 4 91
PRI & Al PV IUEA AT B IO Bl
T 65% IRTEH <l © Sl HIY e TR
AN fiRar @1 gerar 2| e g
SRPI H A YT ST 1 STANT AR |l
AR W A H I BT UAT AT 2 | Ffh
Iude BN A A A B, ST ST e
@) qE STHRAl DI QT B B forg ol A
gAHT ST AorEg a&d A fwar s
MY | AT BT FHI WR YAl S G Fo

JAMIIIRHAT & Rifh bs BAA! § VAT JH1RAT
BN 2 S R A B AR B S B | I,
& U1 B 91T B A1 g R | ST B aTel
FA I H | BIA 16% HT & IR BT 2,
ST 84% I A FH ARG & HROT AT
ST & HRET0T FafRd &9 & 3ME H A
g I & | FSId B (Precision agriculture)
LT I TRV B, TR 3feIPieT e
9 9 W e g b I8 R el g
gexHe 3 O (IoT), ¥R, arfSTer=i RveH,
Ade MY HfFA gfgacn (Artificial
Intelligence) ST THDBI &1 W H SYANRT
HIE B & ®Y | ST ST © | $HHT Farad
e IALIH AMG HRIVR B HH B gY
el @l fafdedr, e iR quradr |
JER HAT 2 | Urell & AR BT a1 T B
&3 ¥ g 9N g 1 By 7Y € | e
gRRefrE # IR & TGRS FAHI B
2 99 Wl AR U & T W gATfad 8
ST €1 39 ¥ H, U Hisol faeird foar
TN B S g AT a@el R meRa R,
S ofkr @ sl (96 BT ST R
A, d U H ARG F & dRE W udl
FTIQT AT §H STeg ¥ Sleg AN Bl AN
I | AR FHI 84 G AN & R
Td B & HRET & oIy ATIeIH Had d¢T
a5 [2] |

grfes afiar

B IEFAT BT ST TR T
P & fderT 31 e § 79 B aul d H16!
e B fHT T © | HEF Jigwar b1 ST
Hd AR qatgaml § fear s @ R
U@ 8: HAH BT aigAr, gaT &l TR BT
qalgAr [3], ARGl &1 qaigar [4], Tor
99 & e ufqurer o 9fasmarft [5])
fUoe Pt 4 o gaar & & dei & forg
R BT YT S dTell YOIl faei ¥ o= &
o sMerediel grT faf= wamr féy v 8
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IR fy o7 @ B | Mywdten gRT Ui @
HIRET &1 gar o iR g7 fmiRal @
Fiffed < & forg fAfr= qaiial &1 faer
3R P! YT fobar AT B | $9 UBR Bl
MY, [6] 7 UH F@aTferd umell (Automated
System) @1 YB3 DI, [T FHIRAT & HROT
qieff # 8 aTel wUTceHS IRad=l @ SMYR U
gqrad & Uil B oI H 99 Wie R Aw
Re I & FTHRor & forg faasRaa fear
T T | TAAIGH (SVM) iR 999 FelTRIpRR

PG el -Tedd b uRIfera wxa
et # SERAT BT uar T R | Q) UPR B
afteor Wl W AR fBar wam qo ufereror
e iR wuraRa ufneror ¥ | g oy
MY FATRIHRR: SUATYH, Teldd we 3iR
TS Fie 9 | 8R Ud 3T [10] 7 Bed (AT3ede)
WUAYE AfSdl BT dot, S MR A B
gl W YR fRar @ el g9 At A
JUATHT HH YAl & IUYAT & ATeT
99.14% & aiffHRor ASIHaT U @ ¥ |

(Bayes Classifier) &T IUANT Uieli &1 qrayvf
IR TRt Sof ¥ qEffpd w3 & forg foan
T 21 S o qEffexer Adiadr el a8
I 79.5% 3R 68.1% o | GoIRI Ud 31
[7] 7 SHST AR &1 YA &H-d gy A=
gl IR Had T D AT B ggaE AR
TIffpRor BT B foru swHET fhT T UHh 3re
JIT P YOI BT | I§ B Uil & fAfr=
AT S e, Tl SR a1 TR far a7 o |
$9% fdv k—al¥dd =89 (K—mean
clustering), f@ead TSRIT (Nearest neighbor),
d% HTURIeE (Back propagation) 3R B8 3
Bfd TRARGRUT qdHTdl & STANT fhar T
AT |

faf=1 waal & arffexor oY Fwar 76.
6% A 94.085% b & URER # off | s
JTeATal, TSIl SR Ardad [8] 7 UH UiY fafer
BT TR foar S Bfd UHEHROT BT SUAN
IS MR @ Tl H I @ oA FiRa
BT DI AR BT FHARTE B bl T |
A Jaex A 3R TTHTH Bl o FATRIBIIR
% ©U H gwAre fhar T o iR R g9
I FATRIBRR &I B 9 999 3R 3fda:
gD U B dER 99 & foIw wged
FATRI D (Fusion Classification) Td+i1d
BT SEAT BAT 737 o | AT vd 31 [9]
3 TH U fAf @1 o waEn, RaaT Sevd
®y ufderor Reafqal & «Aqrer e S

QrenaraTedy vd g [11] 7 fafr= wal
R eI &7 gwraRiierdr &1 v@ifed fear @
AT ATTBIRG B YANT TG STd] AHTIARA
H1 ygd fHar 2| dfion—19 iR g9wm
-3 SN BRI Rl iead (HTY=g)
B 7RE AT FRIwRR & A darfrd
B TR 99.1% TP Tl IHTHROT B ATl
T gs, Sl A= Bacll § g9 ddhAIdl @l
959l SUAIRIAT &1 |l 2| qenfu, orfe
[H1eT 3T Had fARTe wae ar Afid
STRIE d@ & AT 2 1 PV TE
[12] ERT gar 737 € f& acdae aRRerfr,
TE—HEd SEHATRIAd] U7 8 U W
IR TR AUETTHT HH BRI g7 7 |
TR

DS RIIAI A MG, b Ul H JaIRTA
Wie W @ @ B g, T4 AT del AR
W We ORI 3 dIRAl W3R WYy &
Hod 78 el | 39 oY UF H g ofg, &
U # ST PR =Rl 7edad 3R SHRM
-3 BT ITART TR T B i B B forg
U wferd UoTell f[adhfid &-e &I ddeild &
Jgema fear g1 39 YOl @1 SUANT R
IRl BT ITANT &R g, B Ul H 0 B
A B & fory fhar a7 7 | ST 3y Y
STRIC DI IR &F | olh Hol 3R i e
& o BAR gRT U&= fban T § |
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R o, wfder g, gRER Rit R v weend Rig, D" a1 da-ial &1 ST ake g, .......

goarfaa fafer

el @1 gftrl @ Bid (GHT) W AT B U, e iR favre # e uRemd U e
@ forg AR W BN # g AT Aieet w1 SUART fhar Sar 2 | IRMAE @Ror § 9 @1 gfry
1 B AT BT &, T8 RIEH & FezH @ oY Ve AUl BRI € | IRl Bl $9ST Bl geal
B @ fory RfTee SuaxvT &1 SuaRT fhar a1 2 | UfRierr Sewl @ forg oifFersd o8 SeMic
IUAL 2 | ZHS It & 1%, WW@W(NOB@@?W@WWE%WW@
qd—waTed (—ARiRi) fHar S g1 R $9ge 7S &1 afie]or qenfimrR g1 fBar S
g | faa 1 U1y 9T U™ UiTell & Hof Hisel Pl g9 § |

Train & Augmentation
Validation

Image Acquisition

Training

Model
: @ Precision,
—/ Recall & F1

Score

Preprocessing

v v ¥

[ Bacterial ] Leaf Curl [LeafRust] Healthy ]

Predicted
Training
Model

Spot

o 1: yarfaa gvmell &1 sdie INY

Sce

& e faerst (Plant Village) STI [13] | g, & Wil @l gkl &7 Serie form 2 &Rk
TSI STRIC g & folg 897 |/O 18 STl Wl UHHA fbAT € | JF1 SeRic & Aol wa A
I A SeT H R 3R IR Wt @ aRk @) 3014 Bfat €| Seie @ N B AR
JRRT wWie, T, g, B Hel 3R b S & ©Y # i fhar T 8 | g AT qeaia
AT (SIgUe Afgaw) &1 ITANT I SeRIE 9 S aff Afed gRT aiffegd st & forg
Aed @ Gel IR A1 & UG BI i BT | SCIC & oy THd Mg, & Ul &I Bfddl &
HURGT A1 & T dlferel H <1 TS 8

&)\

a) S Wiz b) % Tt ¢) &6 &
= 2: fafr= M 9 o= sfaar
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difet®dT 1; Scc & vudl

T BT H THRd Bfadl & dwr
JFRIRTA i 2324
e T 151
b ol 181
TIRET 358
L 3014

Ser adfeT

9 Tfdhar # SUART # foTy S aTel STeT &I JdfeiiT &1 Sl 8 | 9 Sl & A1 Sugad gd
JUFTHE ofdel SIS ST & $9 oidall & AT | STel dl ey 31 21ef yar fohar Sirar § arfes #red
SO UG A AR FARH TPy GG B G | I8 ST THA1 BT Ul A 3R I8 ST R DI
T Al ufthar 2

ST gfg

9 fthan # U B3 & fore fAaf daga daiiet o o] faar T 8 | 39 ufthar # 25°,
40°, 65°, 120°, 185°, 240° 3R 300° BT W FATHR TJdH BIJ BT 3 IU—BIAT B 17 7T 2 |
39 UBR, Uh d91 Scric IR fhar a1 2| sa8 =ferRad de-idl &l STanT fhar 11 g
afasr 3R digaa Rive gfg

8IS SR dgaa Rive gig | aRT Adead B &AM AR AMR @1 gl 997 ofd &
fOeRTer 1 &St AT Sigad Y A ARG BRAT & | TAT B F99 Bfd & o il Hie fag
S 2, $AllY B & T AR BT 991 @ & oY Y Uit & oy e =1 &3 Sirel Siar
21 frm 39 <@ off 9&ar ® fF ggel anafa # uxh @ sy @ afow fawn # agfed wu @
(randomly) UeTeT 3T &, STaidh GAT MBI H SH HealeR A= (vertically) H Uelel T 2 |

i
2000 7006 - 7006 2006 7006 - 4’79%
5 EE PR e g — . sohe  na P —=ho
il
2000 buse 2050 2000 buge 4’ bose
56 w 000 w 2066 m 066 - ;;; ‘:—-ocﬁ -ﬁ:om -

EL 3 7m0 ] A6 3 AHG6 L Pt g #HG6

fora 3: dfaw @ik dgaa Rive gfg
gfaw 3k dvaa freu gfs:

&St 3R o gad ety 3THEIE &7 Haad = fb fUaied &1 J—a18T AT BiddH—drgol Radd
FRAT | T 4 ugell aMafa # &t ©U 4 3R TR # wigad ©9 A Wi & AfRT B gwfar € |
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o 4: dfas 3R d9ad ey A=
¥eH AeA ATHTI:
O Bfd P Aged U W TSI B A swerar AR fawn 4 garn o g, a9 ofd 4

g BI R D1 g [ DIv1 b gt o 6eb | 5 5 U Uil B Bid B Argfesd gArdl
@1 fazarar 2 o e ot Sft fAwed 09 180 fS3 d& =1 grem 2 |

frra 5: ¥su Rree af@IH=

argfed a9 gfE:
39 Ufhar & ©fdal B TcRT—3TeTT THd ORI & A1 Ica~ fhar 9rar & o -k o 6 °
fexgmar ar 2
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faa 6: argfees and qfy
gdIfad sl &1 SUART dX el A AN ST gdT o T AR N BT gaffevor

IR, Bell IR a9 &1 SfaA BT ST B diel § AT BT U1 9 3R BT B
# I=g aRM 74 & fory 10 AT TeiRen &1 s wU 9 STANT f6a1 7491 2 | 3N, &
qier @1 kTl o sfadl § AT BT gar I & 7T STT 9 B URURE HIYHud Arsd 3R
SR V3 B 1T UT8eIF &1 Aeradl | uiRfea faar war 2 | 59« forv Srer e &1 | 9
A geftepd foar Tar © alkierer (), amm (@frse) iR adierr (SRe) |

Dataset / Data Augmentation \

[ Horizontal and
,_V_, Vertical Shift

=
Data
Labelling Horizontal and Applying Traditional CNN Evaluation
> Vertical Flip deep learning\— (accuracy,
Y algorithms precision, recall, F1
Pre- Random Rotation [ Inception V3 ] score
Processing L )
-
\ 4 Random
(" Split data ) Brightness

into N—
training, [~
testing and
validation

\ sets /

fara 7: ywarfaa yomrell &1 faaromare <l IR
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Hge

P GRel -edd (HTAY) T Y A1 YNeA & fSIeT IudT Bfdl &1 ggar 3R
AT ST HTat 7 b STrar € | 98 fa9y U A faiel SeT & UGN (processing) @ forv feomeg=
foar T 7 | PrERE JifoRee s Bfd W U fiheex oM 1wt &, s A @ 8fd 9 3=
TR @ Uy Sl 8 | o 8 H JeiY Y AIGAe gid (fdbcder) & JJAR, $9YC oRR H Wil &
Bfd <1 S 8, [T IRMS ATBR 1481483 BIAT € | 39S d1& oI daleggd ok (Conv 1, Conv
2, Conv 3) T 391 dT% Heferd Ha fefT oR (Pooling 1, Pooling 2, Pooling 3) @7 WRART fawar 3T & |
S HAICgIE o™ BT Ie¥g Bid F AT TRl &1 fAemarail S fBri, Ued iR a9ee ol W $HRA
2, TTaf Ha™T gfelT oRR BT START WieR (fALrydT) Hsq &7 MHR =g oIl Agayqu! fIRmdmsil o 997y @
@ forv fvar SITelm 2 | 39 U¥dTd Udh UeleH (FHde) oRR BIeR A ®I Uh—AM! (One-dimensional)
e % uRafda &l 8, fO T 9 (el riacs) ok H ol SIdl 8 | S6 oRR (512 =R+ & 4reJ)
RepTen TS faRivarsll @1 gaiga o) aifiaRor &1 ufdar &1 Harferd well 7 | ifaH 3MSTYE oRR BT MHR
1x4 8, S §7Ye Bfd B IR 01 H qHipd HAT 2 | 39 AMfbcder H AlHAV BRI & TN *eadh ¥
RGN SieA @ oy T SURMST ok &1 WANT SRS & gara 2 far M 2| 39 UdR I8
ATT Sfdcaer Ui &) BRIl BT HIdTgdd fageryor iR aaffaxor Fear 2 |

Q*

V/

SAAA

Conv 1 Max Pooling 1 Conv2 Max Pooling Conv 3 Max Pooling 3
148*148%32 T4474%32 7474564 236*36°64 34%34%128 17*17*128

/ﬁ\

7

=

fora 8: dgags &1 Jo ¥l
AW V3

SAHRME d1—3 (Inception V3) IMETRT AfSd Udh I=Id di-alegdel I Acdd T,
T EsT SUART BiqAl H Iea—WRI IR B IARA AR Iv ailipd HA H fHAT Srar
2| form 9 ey 1Y afdcaeR & UR, $7YC & ®U H U<l & Bfd Afsd & UaH & )
2 | I8 Bfd ¥ad Ugel Inception V3 cdd W 8lbx okl &, S8l Bfd 4 bR, amepfd, de
IR gEe ol Sifee faRvd Fearad w9 4 IART ST © | I8 dfed diF di-alegzrad
TR (MR 32, 64, 128) A 991 &, UAH & d1& U A1HIUT Held (Yfaede ®aeH) ReLU
ATHR 3x3 AR ARTHTA—YAT URT 3MBR 2x2 BT AN AT & | NI ®Y Bl IR—FHAT
yfafafeeg & 9o & U T AfhIoT B &7 SUANT fhar Sdar 2 | s9¢ 918 UTd BIaR
A B Joled IR & ARIH W UH—IMATHT daex (1x18432) ® uRafida faar iar 21 a8
afshar ag—3marl (Multi-dimension) ST ®1 Udh AT WU H dEABR R B TOEMRI & oTg
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SUYTd I & | SHD UTATd I daex SN (T IR H WA ot 7, fTH 1024 FRA9 B
2| I8 IR arel T3 faRivare @1 Safd B o<l @ 8fa 9 Fefa Agwayet ded @
e @R ifferor @1 A IR &R & SR HRCAT 2 |

' —> Inception V3

faa 9: AWM &) Ya WX V3
3T =ROT 3, 3MITYT oRR (1x4 JATHR dTell) TTYC Bid I IR FAIIT a1 H afighel HRall
2| I R Arsa &1 i oga Fxall & & o<hl fe Soft § ol 8 | 39 UK, I Inception
V3—3eRa sffdhcaer TRl &1 BiIAT BT T8 fAReiyor R I Fldh wU I gHihd dR H He™
g

Dense
Flatten 1¥1024
1%18432

3G & ITEH P JAIIT B arel g1 SHIRAT & /g, & 9 Fa 31fdd J1fadd o=
qrel AN BT ST BT 8 | Uiel B IR IR S9d U9T & MR R M BT gI= fHar 7T o7 | 349
M BT A faaRor = & T arferer # fear I g

qIfer®T 2: Mg, & AT I HRYT IR AT

PH AT T BT M HRYT Rl TR e

1. JFIRT wWie Sar] | TR, Bl R seiR TRl @ AP
TR T B W 7 | Rl @ GRS
Tl BT SHad Yol 81 SI1ar © |
2. B P FHAG | A @ U @ gar ghrar RQed @
Sl 8 % hdl & BRUT dal AR
AT T B e fadfid 8 2 |
3. RIS FHAd | TR H ST S B BRI I, b U
@ gl R [T B F S § QIR
STedl AR STl €

gfemH

Q1 IR Al Sil foh uRuRe Ag=gd &R s9wE 41 3 8, & forg dewgei dfgas A
fag &
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bacterialspot 665 0 27 8 bacterialspot 672 3 25 8
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URIR®S JTATH 3R 3HWM V3 & do 8, Jied AihdT 1 = o v o 11 & a1 o
<grtar A & | o qeiiar g 6 30 g (R URET ST B Ub IR gRd edd |
ToIRAT) @ folg ATATT H 94.31% b1 UfRieror FEdHam iR 93.18% 1 HATUT ALThdT BIRIA B
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arfer®r 3: dRIe—R&Ta 3R F1 @I (CNN)

it IR Repter F1 PR
TRIRTS HWie 0.87 0.95 0.91
G Pel 0.51 0.76 0.61
Ap 0.65 0.93 0.77
ey 1.00 0.56 0.72

arfer®T 4: 9Ro-—Raid 3R F1 @R (S9RE V3)

it IR Repter F1 PR
TRIRTA wie 0.98 0.96 0.97
E Hel 0.69 1.00 0.81
dAp 1.00 1.00 1.00
TRy 0.99 0.94 0.97

a1 oo Afsall (G- &R S A1 3) @ URIET0T, T iR AU Acidbal & 44
Jor @1 g afdfafea i Ry v srfee o Ramr g |
Aisd gaT

B Training
1001 W Testing
 Validition 981

95

Inception V3

fora 13: gRuR® HgAyq IR s9=E V3 a fi9 o
IRAR® AT Hisel BT YRSV, ARG 3R Il Aihdl (TR HASE 94.31%,

93.18% 3R 84.78% T | SHD AT, SURE V3 & ATH § BRI, Jgmo- 3R Tefor Ferahar
PHAIT: 98.10%, 97.67% IR 96% 2 |

foreaef

Mg, & U ¥ T BT IaT o & foly Wanferd S0 AT R diee fawRed fasar Tan
21 g & Nl H AR W < T aTell O STRT—3TeT TR a1 IR ST UaT o T,
S 5 wwer JRIRTS Wie, oih &, 3R o e B 39 MY B oIy, T Q7 STeT—TerT
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STRIC | B B AR Uk g1 SSRIT 99131 — Udh HIHR & TTHIT &3 & 91 I W Uhiad

fhar 2 de ST 9 SiiFasT Aidl 9 Udhd fhaT © | 39 aRE @Ref 3R Hehfd o1, & uxii
DI F[eT 3014 BIAIT U DI T8 | 59 B BT G 6 311, B UM H S AR AiSell BT ST
PR RN BT YdT ST AT | 39 2Ny BRI 3 A1 ave &1 dRal &1 9ar a1 iR G vl

D TRRAT BT 9M & folg IRARS HIGAYA 3R SHRM d1 3 BT I ITANT BR JAHD AT
far a1 2| JRAIfad daeiiel | Ut UROMH SfRd SMeISid ail Feidbdl § HIgaed iR
SR 13 DI TRIET0T TRE! HAL: 84.78% IR 96% ol | TR, Rabfal 3R F1 TR S 31
AragSl d1 Al TOET B S | A [ABRIT Aiedd B Ta <2 H IATEHT g H AT 7N B

RS AT # U1 o H 98d 8 SRR Add 21T | 9= 7 3= Uil # o1 59 qohrileh Bl

START {HAT ST Fhdl & U 3= SIT -1 Al fabRid o IR &I Aeihdl bl el ol
Ghdl 2 | IE dob-Nal fagaa=g INT =1 & oy e G9ra=d i gordy 2 |

g U A ggad AU ekl d1 gl R wwmEdd
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GURACTY BT SUAN I2d YA 3R T91d & Heedqol U & oIy fbar Smar € |
Ni—TeITRT GuRSTArRI AT Inconel 600 3R 625 10+ HeTROT HfRIE & fog 99 9K € | G
JEIYT ATSCYC URIHAT & wU H A8 DI YRExIUT & AT sl 60 R 625 81 arqail o
M # g A & YAl BT gl BRaT & | $TbiTl 600 B foTU AfSrehe® e GRaxI
T U BT & o] B8 & (THRTR) 0.20 AT /39 3R @wret &1 i (Ae™) 75-90 Hiex /e
DI A1 H Bl &, Sdfd DIl 625 @ HH H PHaH FaIg YRR I T BT 8 oid
ZAHMA 600 B foIU B8 & (THIIR) 0.14-0.16 A /3T 8 IR dred & Tfa (wd) 115
Aex /e ¥ 31t © | I8 e 51 11 & {6 908 YREuT (THIR) BTs &R ¥ ghg & a1
AT € 3IR 39 UPR 39U 9 UG UTad & ®U H AT T ¢ | T ATRHDII SUHROT IRR0T
faeeiyor (grEn) & |rer g8 udr ge fb gedey Yo (R2 T97 R? (adj)) & 94 I8 FEiRa
P B oy qaia o & [Aaiad died valw o |

Abstract

Superalloys are used for critical applications of higher temperature and pressure. Ni-based
superalloys i.e. Inconel 600 and 625 are known for their corrosion resistance. The present study
evaluates the effects of dry turning in machining of Inconel 600 and 625 alloys with surface roughness
as the output response. It was noted that surface roughness (SR) improves with the increase of feed
rate and thus defining it as most dominant parameter. It was revealed with a statistical tool Analysis-
of-Variance (ANOVA), the values of correlation coefficient (R’ and R’ (adj)) were adequate to
determine that model developed was adequate.

& eq: 3D 600; TP 625; HAB BT YRERIU; YAT, TRL fafe |
Key words: Inconel 600; Inconel 625; Surface Roughness; ANOVA; Taguchi Method.
aR=g
TP (Sb) M8 &g Ni—3menRd guv st a1g 8 e b IdR & Sy 8 oY faare

axdTSH, WY exaTs faofell I3, TIRRUY 3R ITAIfHd ST | d GeTRT, JiTaR{TR0T, N7 31
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Sod dYHH 9fdd & Ui 319+ SRATEIRYT UfRIET & fore S St € [1] 1 39 et 600 3R 625 T
st e7g € R S afda 7707 &R o aroAE & i ufeRer 21 € [2] | 9% I8 wred | wfoe
A1 o1 2, Sl Fdg GRS (THIMR), THIRAR, for e+ iR F1ew arel 9o o™ fafieT qoif
1 wfawrarft R faveyor & forg fAf= sreaem fhy od 8| va srgas # 7eif R a7 <
AT b e BT @id SR Ui § FRaR € [3] | sreagHl = Favd fean fob vaaguer =1 faf= pon
& foy waram 7 QU [4] IR &1 Tore<T H# GuR & folg TARN # S & ATr—HA1 Hfaww,
THIAT SRAT RIS Theithl BT W SUART fHar S &7 & [7] | T AuEel ok SudRor
AR & 99 Gy @i w7 @ foru e @87 argeil 'R CBN SUSRUI &1 SWINT #Rd S5
ST @1 TS [8-12] | AIfec WAeTOT W UAT Foid @ b $18 < & forg 9ga &9 &M RuIE oy
Y 8 3R 98 W gAhAd 600 3R 625 HsT arqsil & TS eI | qaa NI ]
7T Reafol @ forw wién wie (ew), wIs Ye (THaR) 3R oe & Ty (SRIRY) 34
JTSIT—3TST ATYGS! §RT g WGREIUT (THIR) & METIT W Digd ¢ |
STyl

qAT BT feorsa

TN &1 | iRa & & forg, MINITAB 21 # Ui haciRael 1 IR iR S9a fe
TIRT ¥R &7 SUANT Bxap fSore= fbar T o Sy fb arferer 1[8] & faamar ar 8 | v &

e Bx= & forv Q1 WRTHIER e T—37elTT Wkl IR e fhy U o 3R Ueh urae ReR R We
fopar T e |

darferer 1. yrafire siia 9 grad

PR $Ye tRHIeR TR1 | W2 | ®R3
I I &I i (CS) (m/min) 750 1000 1250
il ®Ie & (FR) (mm/rev) 0.1 0.15 0.20
11 HEKT DI MRS (DOC) (mm) | 0.50 0.50 0.50

drRIvoIN Ud urafire desry

fors 1§ aftfa ugfer &1 STt BRd T fdy 77 | SuANT fby T Ao 7l By @
fafacer arferar 2 # aftfa € | 7T @ 91g, 2.5 A oe 3ife <fars @ arer Afga A 10 FHE
A8 YRR AU Aol SUDBRYT BT SUART A8 GRExU bl HU- & g fbar am o S fob
for 1[12] # fa@mn a2 |
arferer 2. Al 739 @1 a1 faRmreard

Description Remark
ENIBEET LX20T L5 (LMW)
Bl crgy BhJd FRAD (Sl ATg—<IuH)
R 3R ds 510 mm
b g™ 210 mm
Rusa Wre 3000 rpm
X 3187 185 mm
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I o, IR UG f. I a8, WA, TAET BT ST TS gAha 600 AR 625 At ergall &1

Z &7 560 mm
7T BT MHR 225*1650*1920 mm
HAMRT @1 Rerfa g Rerfal
ENIEECIECNE 3300 kg
—
|li!n|n!u|nM M:W"m M Eslection ol }ﬂﬁ i i F
- - put . Factoiisd Design i
|

Dapth ol Gt
Fasd Retn

e B

dnatyuin-

of-Vaildres

Furtace

Roaghnoss
Moasuremand

R 1. yaiT ugfy

g GRa)uA & forg aRomd

9 TR B IferdT 3 3 GAlag Sidils BT SWART PR [HAT 73T o | GROMHT BT fageryor
AT 21 AredIR BT IUANT SR fhar TAT o1 | 59 Farrar, ey 21 7 f[AaRad 95% &
freaa=TIdT WR &1 AT & A1 [ATATo—HET Bl ArScye AlfshaT & A1 Ha¥ 1S ywidd
el T RO B & fory ST foban i o | I8 o 2 | W © o Ade BT Grexu 600
@ AT 625 B AIF—HT BIS R & Hd oI & A1 9l o IR BT AT H ghg & A1
HH B T 2 |

arferat 3. 600 3R 625 fs1 a1g @1 Gds YRaUA (THIAR) & ferg aRoma

Turning cn

CrC

Haehing

Carbide

Waikpseie
L= 0
= 30 prmy
Tool Inseri

Coatad ingerte
Pl TT0eA 081

[ EPPY P Bl BiE X | IT0A 600 | SADA 625
PP (CS) (m/min) TI':R‘IS‘ (FR) @ fer ® ferg

(DOC) (mm) (mm/rev) | THIR (um) [ THAR (um)
1 71 0.5 0.10 0.743 0.971
2 71 0.5 0.15 0.763 1.018
3 71 0.5 0.20 1.406 1.340
4 95 0.5 0.10 0.682 1.255
5 95 0.5 0.15 0.813 0.690
6 95 0.5 0.20 1.342 0.623
7 118 0.5 0.10 0.634 0.840
8 118 0.5 0.15 0.736 1.460
9 118 0.5 0.20 1.160 0.815
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Inconel
600

Main Effects Plot for Surface Roughness (mircons)
Feted Meas

_Feed Rate (mniced)
.

Inconel
625

Main Effects Plot for Surface Roughness (mircons)
Feted Means

Lo Soeed (Tmw) feed Sate (mrnirey)

a3 2. s@id 600 3R 625 @ oIy Y& Y9E wile

T g Sl o 3 # JeIiY MY €, Sl & fob AT A= WHrae & a9 8, S g
2 & Ffedt wmm wu & faaRa & 718 | arfera 4 & a8 <@ 741 ® & ifdeaw a9 wie
TR BT 8, Sl 3 YORHE GIEIUA DI THIAT B dlel Fa TE IRFIER & w9 H G & |
@ 3fATdT, R? 3R R? (adj) A 80-100% & d19 &, S 9T YR & 3126 #eed &I Fold o
g | o 4 # ey 1Y $eR wife q2i & 6 $9aAa 600 & oy srftreas Ads FYRaERTU a9 IT]
BT & 919 B % (FR) 0.20 fH /@ Brar ® &R ®res &) i (CS) 75-90 Hiex /e @) i
# Bl B, 919 SHde 625 @ Al H A 600 & oy fiean ddg G a9 urd
BT § 919 WIs & (FR) 0.14-0.16 &+ /T &t 2|

O rom

Inconel Residual Plots for Surface Roughness (mircons) Inconel Residual Plots for Surface Roughness (mircons)
600  Moemal Probabiity Plot Versus fits 625  Normal Probabdty Plot Versus fits
‘ | J
H B | ¥ T
| I ! i §al i
=2 H H
i |
et et Veen e Foned Ve
Mistogram Versus Order Metogram Versus Order
: | =
i n| 3 gl X . i -
i | 4 Y p— : o
: | & e gl i
| |
\ [ \ \

faa 3. sA@iAa 600 3R 625 B Ade YUy d oy @l wife
AIfeTdT 4. STHA 60 3R 625 P g GISUA (THIR) & forg waor fageiwon

(g=ira)
BT 600 B forw THEr
rd DF Seq SS Adj SS Adj MS F P
PIe DI AT (CS) 0.02731 18 0.02731 0.01366 | 3.82 [ 0.118
(m/min)
%I & (FR) (mm/rev) 2 0.67000 | 0.67000 | 0.33500 | 93.78 | 0.000
Tl 4 0.01429 | 0.01429 | 0.00357
gl 8 0.71160
S =0.592893 R’ =97.99% R’(adj) = 95.98%
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I o1, IR UG f. I a8, SN, TAET BT ST GRS gAhiaal 600 AR 625 st ergalt BT ...

AP 625 P forg uHEr

R2

=97.95%

R’(adj) = 95.91%

rd DF Seq SS Adj SS Adj MS F P
PBIed P T (CS) 2 0.05434 | 0.05434 | 0.02717 | 7.68 | 0.043
(m/min)

%I aX (FR) (mm/rev) 2 0.62293 | 0.62293 | 031147 | 88.05 | 0.000
T 4 0.01415 | 0.01415 | 0.00354

FoT 8 0.69143

S=0.0594769

Irecoawed

Incoemed
&35

FIED RATE iy

L L1 L

FINTe RAT)

= [ =

LU L

CRITTING WPLE oo

3 4. 3T@I 600 AR 625 DT Hag YU & oy wH=a Y@ifaa

forsaef

JIAE B H, STBEA 600 AR 625 A argelt B gem Wl H waE gReud R
FAHfAfTEl ATUES] & YW BT IRTIF B BT VAT By T o1 | TAAT | I8 fepy e
T b Bie TR (THAR) ITIANTHAT GRERTU (THIAR) TR FI9 3D JHTG STl aTell HTeref o |
AP 600 & forg R? 3R R2 (adj) & AT HAI: 97.99% 3MR 95.98% &, SADMA 625 & forg
97.95% MR 95.91% &, SN Afeel 3R TANT & uITqar &I g9 2 |
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| qdD g &uor’ (farferer, REAUS) o1 | |Id H u3] (1) T HR U4 37 UL A
IuYT gf PR AN Wes O BT 8 | IR Teal H, Few', Ghariiexor 1 A’ B a9
HEd 8 | I8 ANTHS UIRMING oreg B | o1 Hely &l FHr 81 dad, JMfig od <1 a1 1 | AfE
Ug fHeTdR Ud US B ST &, A1 99 WA e © | FH 81 S IR 39 GHRIEE Y&l B IT:
fqufad srgee BXl &, TR SqD! 3ef F€l REdl & | I T RR & 9919 @1 Us wes AT wifadfasd
AR s fafda o SRl 8, 99 98 quic: a9 ¥ 99 ST © | o9 — Hiamrn: afd: = Hamf
(@ & ufd, i SIRM) | 99 gawdl b1 slar §, faswil &1 T8 | & A1 & q 3D
el /wel ga=d 1 FHed G & A1 FAR B & | §vg AA Dl BISHR al I &l A AfD
Ucl BT & A BT ©| 8 H a1 I1 A9 UKl BT Ud A1 FHN 81 ST 2 | oii—

1. ISRy

NTel: oW = X[OTYoN.
NISTYOYRT 3THTH = TS UITHTH (TS P goy Bl JITHHA)
2. EI?EQ!!‘\’H:

BReE, 8¥%d, o9 = BReVRa: (B8R, &% 3R %)

RERIqA): a1 FHME: Hafd, i St f59a d1er o/ &l Araar @ ¢,
I IS P A B AT AR BT © | JAT— IS GF: = I[O1YS: | F&f I GF B A1
3ffaa & —

SIRAR P RTST AR |
(TR BT Y ST B)

9 IR H TIRY BT GF B ARJ A9 T, AT Al BT THN BN SR YA — TIRAYS:
MR I3 ST # 3a & — RIo1g:, fheg IR BT ST & A1 3T &1 2, $fory 391 < ual
ST GATE e BIT | 37 A i /9ef gawil &1 BIa1 2 | Bl gad @l fas=d @& A1y
FHN ST ST & — UR 3P SR T | 39T UDbR, fd + 3rrelq = e | ifae & forg
AMIRS Ul & faUs &1 gaver @AHR0T H o $I Al & | gRE & 3fef H1 a1 HRE & oy
S TR AT UGTaell Ygad @ O €, S faug dEd § —
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qAATqagHarR] fays: |
¥ 9 difsaisdifeesafa fgar|

fIUE < UHR BT BT 2 | T allfcheh 3IR IR 3Tcll(hds | AT (clifhdd Fpd A1) H ST TANT
3nfe BT &, SN dlfdhd fAUg ®ed & | o — e Jou:

o9 ollfbes faUE BT A Ue ISTYoN: BT | 3Acllichep faUe YANT <€ ST, g8 ATehRoT
@1 AfehdT U & U €1 BT 8| RISTgRY BT IAcllfcbes faue & —

Ui S + 9 g

FAIfbep faUE YRS THRT BT GAT BRAT 8, IR clibep [AUE T BIT & ST HHAN deblouh
g | Ife w9 g 7 A1 difdsss fawrg ar a o & 21 SITan sreraT sRauefayrE faar ST € |
SRAUSIAUE H HHRAM Y&l I =1 uel & g7 f4ug S9ian SIem 2 | J01 — SUpW = HURY
FHIOH, JATEI(HRT — 2T SHIHRI, A HHI: UG dAlfdhes (AT % |

T b A —

AT A 1) &7 AW 2, i FART 31ef UR N3N 7 | 99 AW UG H AT aref
T 2| Sl MER WR T $ IR 9SG Bl © — AFAIHIE, Aoy, g8 3Rk dgdife, fb=y
RIGIPIYIPR o THN P UrF 98 A & — AT GHE: GoFHT | TF G940 9N |

HHH
' ! , I }

1. &dd G99
o1 qar &1 ®Is A9 e &0 & A, 98 D FH Bl 8 | JAT — Ydgd: (S gd H
3T %) |

2. G HH

S e AN B & g4 A 371y 7 2, fheg W B UR 371 81 Wi, a8 reriiTa HN
g | Mrgd: {5 999 # qaug o1 o1ef T U BT 2, S SRR dEd © | §9 9N
H U9 gdue 3y BT © IR STRUS Y, TR FAM Bl IR GHE] UG AT F Sl
g1 3o — ek (R )|

3. dYgey |uTH
T A | ITRUS BT 31 YT YT Il 8, S Acgoy AN HEd © | I8 AADRIT
3R ARSI 4E A & YHR B ¢ |

TYRY AT BT & Uh W Bl & — BHIRY |
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MBI SIGHR TG AR M, AP b AE? ()

AYTIHG: HHER: | AGOY: GHFTIHROT: HHERI: |
9 TYSY FAN § S U8 Ud &1 SIfaRYT (@) B dEd € A1 98 dHIRT THN Bl © |
AT — e + ST = Hicllcerd |

PRI BT U A8 BIT & — 87 | HHYRI FAN H Old Jaus A&IETEd s8Il & o S 87
A PEd ¢ | 53] T 3§ qaue Agrarad € gl g, fbwg dwararas a9l ue fgy & 78l
BT 2| O — UM T FHER: = US[ET J8T T Id e § |
4. «gdifz wara

e faeIu—faersy &1 W 8, fbg SH 31y uaTed ueme 2 | for o H EEE uel &
JfaRe fodl argue &1 31ef Urg: ygr Bl 2, S g4It FHN $ed § | FHN gCh
ey el fe b sifvad) wafd afe agdife: scael: | germ — QT sraRIfT I 3 Grefr:
@ a1 & Rieab, rrfq wear fawy)

5. && 9aN™

T 91 ® 1 g BT 1) Ui U 81T &, S g+ 9A1 dad © | Jfe a9 garef fobar
¥ ifad BT © 1 98 §8 Heddl & | S — IFHWI |

FAN B F93T T U 9gafad U4 9 Uel gftedd 3, e vardare 9 |/ gar—wal
BT A TR A Y89 fbar I Hebell & —
gRIShH fRM 9 @ 9 ¥ waawardiHme: |
qYTY HHERA AE | 98I |

AT BIS eI STEIOT IS & SRAR H STHR YT BT AT BT qU 39 YHR BT 2 |
g o § geg g H oo T8, afed WRI &1 W WROT—UINoT SRt et B | H Cfg o &
N W WA g9 W 2, a1 ufafes Raerr gedr 8, 1) o iR e, swifq @«
@ forg wdt B A 7E 2| gl B O Yoy aq ‘wHaRA, i VT B a, e
§ ‘qgdifg’ 9gd g arer 8 oS |

9t @& forg fFr=ifoRed axd eader € —
o A Il VR Wf¥ererel ugl # € AN qar ¥ srargnedt # w8 |
o  {IVUH FAMNAY™IES GF B UgRT BRI |
o Y AHEN B! WIUISd el (FfGaRTATed) Hx GuEgsaafanar: | gai / favfdai

HT A BT B

o TdUq B foR |
o 3= H wifcufdes WA BR fawfae w2 |

1. ddc AT — 19 AHRT BI PIg [IRIY Hi1 T1 D1 SR, T8 Dacl THN Bl & | q9f ga
BT A Ga B AT A BT © | U Gaw< g Gal P AR fdhed | FHN DI U Bl
g | AT B Wiufed G 8 SN & SR GHN B A9ud gui BT gl arguniafasmar’
& B ST § | T — Iayd: (qd P, S Ugel I Tl BT )
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ST TR G Ieq BT 3T B A1 AN B 8, U] THARIGIG [l o1 g & e |

HAH. | GaA I auTE et
1. arreft + EIUPIIEEE I8 3R 379 & Tg
2. Sfaes = e REGEREN

a2 & Anfavr o g Rifg & forg g8 e ol & Savug 8 w999 fafy

P S B | U fafyr a5 # B

ELEH ECEE ITUg LG aref
1. Tt TV, TR | g T e
2. fa + AT EERH AT &

JRAHE |9

o 1 9 qdug &1 o1f U1 M BT © S MG dEd © | gd H o1fd, I, o anfa
3T BN § qU WHRUS 3erd BT © | fawfaa, W, wafy (Rfg @ enfdve), gfy (Efg
BT I4ME), AATHTG (I BT ITE), AT (A BT/ 37T BT, BT (3@ o 1 B1+1)
YT UIgHId (W I Feprerdn uRfE), uedrq (dre) J«r (Arudn, ded, ueriEiigiy iR
|IGeY), AU (AR, HAE), AN (YHART BI1), WG, AR ((ITHY, AHE),
A (FRYUTdT) MR = (FAIG) 59 Alers 31l # F BT 71 aref # fed S oreqy ga=
&, 98 9 ga< & A I T B U BT ©§ SR g8 qA FIAMIE Aeih Bl © |
IE IR 99N ©, o1 Sl AT Al dlifhds fAUg BIar w18l a1 3aus faurg grm |

g vTd g & avae g fafeafaa & —

L.

AT AT & ST UG & 3T H 3, MBI A S, 5, T, U B § 3, &, 3, Al B 3 A
® P F Bl e

2. 3yiTg [T A 37ewd § o GUl Bl ‘JIITQTRY: A T 7 BIHR Y[l Bl BISHR gul
DI I ATQY Bl, U] I I MM JAIAT UG FeHl H Fgeral | 8l o |
3. FAMIEg Ife g A 8 Al S W YU BT HLAEIRE A A & |
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