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A Study on the Flank Wear of Carbide Tool in Machining SUS304
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Abstract

A Study was made on falnk wear in carbide tools in turning SUS304 steel, When an
austenitic stainless steel (SUS304 steel) is cut with the tool, saw-toothed chips are produced,
It is found that machining SUS304 steel would make a tool worn fast,

For increasing productivity, tool wear has to be predicted and controlled, An amended
cutting geometry consisting of a negative rake angle (-6’) and a high clearance angle (-17")
is proposed for decreasing carbide tool wear (flank) in the machining of SUS304 steel,

The amended cutting geometry is found to make the flank wear lower than a general
cutting geometry (rake angle 6', clearance angle 5"),

The effects of the three cutting variables (cutting speed, feed, tool radius) on the flank
wear analyzed by fitting a simple first-order model containing interaction terms to each
flank wear parameter by means of regression analysis and the predicted from first-order

regression analysis model equation of flank wear,
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Tablel. Machine and instruments used

1) Lathe
* high speed precision lathe
% spindle speed : 50-1850r. p, m.
2 390z
2 0. 05-3nn/rev.

¥ bed swing
* feed
2) Charge Amplifier
* Kistler instrument type : 5001
*0. 1-500, 000pc
1%

% measuring range
% accuracy of range :
3) Tool Dynamometer
* Kistler instrument type : 9257 A
* maximum measuring range : 5000 N
1<0.01 N
4) Profile Projector
: Nikon

* magnification range

* resolution

* model
©x 100
5) Toolmaker’'s microscope

: Nikon

* magnification range

% model
:x 30
16 bit AT computer

6) 8 bit computer,
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Table2. Cutting tools

Class : P20
Standard : TPGN 160304 KTP 20 ASA 321
TPGN 160308 KTP 20 ASA 322
tool holder : TGPN 2020 K16
o° 6° 60° 60° 0.4
Back rake angle —_— 0 -6° 60° 60° 0.8
Side rake angle .
End cutting edge angle
Side cutting edge angle
Nose radius
Table3. Chemical compositions (SUS 304), (Wt. %)
Cr Ni C Mn Si P S
18 8 0.08 2.0 1.0 0.045 0.03
ozl 377 Hadx, old W FF MG
Aol Aot 2L k& Table 49 2o},
Table4. Cutting conditions
Speed v (m/min) : Feed f (mm/rev) Nose Radius r (mm)

(210) = A, D X (1) 0.13 (1) 0.4
(140) = B, E, Y EE}-{:: }{
(70) > C, F, Z (2) 0.25 (2) 0.8

Mild steel : a = 6° B8 = 5 (XY, 2) fHh A-12
SUS 304 r a = 6° B = 5° (ABCQ) SUS304-& v 210, f
a =-6° B =17° (D,E,F) 0.13, r 0.88 #A}
2-2. Wi A& Hell TE#HHEE FEslT throw-away insert
KR 14 FYAN| 7He 8-S 2Hs AR tipg AHgste) A SUS304 & A A2

ol THAM(HEFA, &M L E 5 e I7F € Y3idlen, TREIG A 5718 I35t A
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Fuz Hepd 5 it _ v-140 _ _ £0.25  _ 108
Y=b,+b,x, +b,x,+b.xs+ b,x,x, + bsX, % + bex, : 140 ¢ 0.13 0.4
X, +bxixxs  (2) v o N f : feed r THRE¥ER
b(), bl! bZr blh b4v b.‘n bl’;u bT'Lo_: ﬂix}%t\g 0“
sl FaiHe AFEoln [ x,, x,, x. & 22 HIH|
W, feed, TRY¥R SHHPECL | x X, X, A (2) oM Do) AlE & YIHLERE, feed, T
Xy, XpXy XiXoXoir BNLBAEE o M ER O V1A B d9 FZrlo mh2 T RBE# ] 93 A58
3 Wargolt} olE el Aolrl A Wit -1 veldtl ANOVA (analysis of variance) table
14}ol e} ke g codestste), o|w Coding 22 & TAgste] Ao EMS golEs 7 Jom 13 3
o #r} A mdael FEMS By st REHRR
Table5. Coding of cutting conditions
v f r X1 X2 X3 X1 X2 X1X3 X2X3 X(Xz2X3
1 210 0.25 0.4 1.00 0,50 0.00 -1.00 0.00 =-0.50 0.00 0.00
1 210 0.13 0.4 1.00 0.50 -0.92 -1.00 -0.46 -0.50 0.92 0.46
1 210 0.25 0.8 1.00 0.50 0.00 0.00 0.00 0.00 0.00 0.00
1 210 0.13 0.8 1,00 0.50 -0.92 0.00 -0.46 0.00 0.00 0,00
1 140 0.25 0.4 1.00 0.00 0.00 -1.,00 0.00 0.00 0.00 0.00
1 140 0.13 0.4 1.00 0.00 -0.92 -1.00 0,00 0,00 0.92 0.00
1 140 0.25 0.8 1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1 140 0.13 0.8 1.00 0.00 -0.92 0.00 0.00 0.00 0.00 0.0
1 70 0.25 0.4 1.00 ~-0.50 0.00 -1,00 0,00 0.50 0.00 0.00
1 70 0.13 0.4 1.00 -0.50 -0.92 -1.00 0.46 0.50 0.92 -0.46
1 70 0.25 0.8 1.00 -0.50 0.00 0.00 0.00 0.00 0.00 0.0
1 70 0.13 0.8 1,00 -0.50 -0.92 0.00 0.46 0.00 0.00 0.00

Table6. First-order model of regression

Time: (1)10sec, (2)1min, (3)5min, (4)10uin (rake angle:6° , clearance angle 5° )

Y(1)=0.034+0.021X; +0.004X2-0.072X3-0.004X4~0. 082X5+0. 005X +0. 025X7
Y(2)=0.146+0. 107X +0,027X2-0. 104X3+0, 039X4-0. 009X5~-0.005Xs+0. 023X~
Y(3)=0.229+0. 238X1 +0,015X2-0. 136X3+0.012X4-0.099X5-0.034Xs-0. 063X7
Y(4)=0.308+0. 260X +0.027X2-0. 133X3+0.017X4-0. 085X5-0. 061Xs-0. 022X7

Time:(1)10sec, (2)1min, (3)10nin, (4)20min (rake angle:—6° , clearance angle:17° )

Y(1)=0.030+0. 012X, +0. 009X2~0. 003X3+0. 004X 4~0. 003X5+0. 002Xs~0. 000X 7
Y(2)=0.045+0,030X1 +0. 008X2-0.013X3~0. 001X 4-0.022X5-0. 004Xs-0. 018Xz
Y(3)=0.156+0. 207X +0.030X2~0. 036X3+0.033X41—0,054X5-0, 032X6-0. 047X~
Y(4)=0.221+0,297X1 +0.056X2-0,036X3+0.048X.~0.035X5~0.023X6~0, 022X~
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(coefficient of determination) & F#3t}, & HAb
QA Zhzhe] F3 YR AR HES dot
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Table 5= RE YIHEMHS codedtdt gholth

Table 62 AlZtol 2 48 374794 4-3E T
zbel 13} 517 md Aol 48 FRANAE F7
whesl FA dolung AZE 108744, $4E
FrzZr A e FutR st =8 7] A 208 7HA 2

YUetu], 48 3zl Mel 2& Fre 27 T
Q1M "o o 58 AR 2 Fo dojwtth

Table 72 ANOVA (analysis of variance)
tableg zt7t 48 F 7oA el 108, +38E 37
Ztol| A 9] 208 wle] Holt}h TablediA & 4 A%ol
Fy@hol Fa) B0k 27] diol Bl ete3s ¢
F Qa ARAS F(R*=0.9971, 0.9553) o] A7
o 12} 3 H Rl o] AFAFo] FL2E& U 5 U
o,

A sten) zizhel A Mgl ¥ 99l Fohee Table 8& AZga 13 84 RdHoR A58
wel gk (Y) o WAE Geelel 2 £ Avk U @ MEE Aolw 7T FAS t-testd sl
AEE(4)9F, feed (+) Y, FFWAC)Y T @olth Table 8olA ¥ 5 Qxol AXkY

&), & a2, 48 FFEgM 108 B A=kl 2olr}t piadtdrt oM 13 IH =Y
slE £%7b 70m/min F748 © 0, 26m E7b3 Nom 37 MuAe A5¥ F AL L Yok
1, feed?} 0. 13ma/rev 718 9 0, 027mn 37}3H Table 9% A|XI'E partial F-test ko 2 z}z} 9]

[

= wbA, Fko) 0, 4am S718HA 0, 133mm 22
g ojngirl
T 12 314 2ddolA gk bR

Hag Qe Q9% AaAASC] whEIF(Y) ) 1
A 9T AEE Vet 48 T7GAM BE
A 991 3 A= Haden FENA, feed

¢

e 271 F

FAA BHANTE X 5 A AR FEAAAE EolAw 7] QM YA (102) TANNE G
A A% F 1 RAESE AR Aol F48 B RE 2915 F TEUHe] AR G2 Fu 9

14 ST Aol WoldAT, £HE FEAGML  om, Azl Aol me} BT
to] 7T Folm FPAM B Fgol o}F A

o
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Table7. Analysis of variance (ANOVA)

Time:10min (rake angle: 5° , clearance angle: 6° )

Factor S.S d.f M.S Fo F( a¢=0.05)
A 0.2150 7 0.0307 196.6 6.09
E 0.0006 4 0.0002
T 0.2156 11 RZ = 0.9971

Time:20min (rake angle: -6° , clearance angle: 17° )

Factor S.S d.f M.S Fo F( @=0.05)
A 0.1810 7 0.0259 12.22 6.09
E 0.0085 4 0.0021
T 0.1894 11 RZ = 0.9553
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Table8. Comparison of values measured and values by first-order model of regression

( rake angle: 6° , clearance angle:5° )( rake angle:-6° , clearance angle: 17° )

measured| predicted interval measured| predicted interval
value value Jestimation value value value |estimation value

0.615 0.6142 0.5838-0.6445 0.433 0.4230 0.3113-0,5347
0.522 0.5145 0.4842-0,5448 0.390 0.3698 0.2582-0,4815
0.435 0.4383 0.4080-0.4687 0.340 0.3183 0.2067-0. 4300
0.399 0.4050 0.3747-0.4353 0.317 0.2962 0.1845-0. 4078
0. 440 0.4417 0.4225-0. 4609 0.237 0.2570 0.1864-0.3276
0.345 0.3600 0.3408-0.3792 0.181 0.2213 0.1507-0.2920
0.315 0.3083 0.2891-0.3275 0.141 0.1843 0.1137-0.2550
0.295 0.2830 0.2638-0.3022 0.128 0.1697 0.0990-0. 2403
0.270 0.2692 0.2388-0.2995 0.101 0.0910 -0.0207-0.2027
0.213 0. 2055 0.1752-0.2358 0.093 0.0728 -0.0388-0.1845
0.175 0.1783 0.1480-0.2087 0.072 0.0503 ~0.0613-0.1620
0.155 0.1610 0.1307-0.1913 0.064 0.0432 -0.0685-0.1548

Fla= 0.05) ( Time:1Omin ) ( Time:20min )

o] At Fof= feed?) YFHTH 258 HAER 7, feed 202 YEPGTE o]RAE A48 T olA
ok FWrAel A5 aH FFe] ¢ AR, uHA Bt} =AY FFdo el ol gt figo] =4 ¢
78 Q5L AY IS FA &S ¢ T Uk olgg TaFE .

FA"E FFgoA THER vAle 4% A= AlZbo] And4E THFEK Agrr) feedd
= PIHERE, feed, LAY &olth Qo] Fxt2 F78le 1080] AU feed FEo)

27 (102) dl¥= =& 2 2% feed9] FFo] TAE¥K 93rt AAE: A& & 5 AUtk 7|E
71 A 18 o] AVEAREEE s, Rt 9] 9AEL Ao dFE FA Yeth

Table9. Partial F-distrbution ratio
( rake angle: 6° , clearance angle: 5° )

10sec imin Smin 1Omin
bo 0.0004 0.0002 0.0002 0.0002
bi 0.5659 34,3841 134. 5407 216.3917
b2 0.0516 5.8918 1.3853 6.1594
bz 19.7727 99,9334 131.7922 170.7185
b4 0.0103 1.9829 0.1441 0.4100
bs 4.3143 0.1239 11.6400 11.5642
bs 0.0480 0.0855 3.4951 15.2323
b7 0.1697 0.3373 1.9981 0.3206

Appropriate Foa-Statistic F( 1, 4, 0.05) =7.71
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O & 3
( rake angle: -6° , clearance angle: 17° )
10sec 1min 10min 20min
bo 0.0000 0.0000 0.0012 0.0021
by 11.5187 11.8809 18.1386 20,8509
bz 16.6642 2.1297 0. 9955 1.8930
b3 2.6660 6.3538 1.6763 0.9021
b4 0.6400 0.0066 0.1905 0.2288
bs 0.3600 3.1947 0.6172 0.1448
bs 0.3325 0.3167 0.5587 0.1563
by 0. 0000 0.9538 0.1957 0.0237
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