i X

BRI LA dRhe o148 TR EXRiLiG 33

& Mehr,

VYT AM3F M4E 1986, 12
Journal of the Korean Society of Precision Engineering Vol. 3 ,No. 4 Dec., 1986

=% BB,

A3A M4z

W

B A&

A Study on the Detection of Tool Wear by Use of Cutting
Force Component in Orthogonal Cutting

Kim, Ki Choong,

ABSTRACT

Hyun, Chung Nam,

Jeon, Seung V/on ,

On the analysis of cutting mechanics in orthogonal cutting, each cutting

force component can be predicted.

By adding the flank face wear term to the

prediction equation for cutting force components, complete equations are obtained.
that cutting force components are incr-
eased linearly as flank face wear land is developed, in theory and experiment.

By making non-dimensional term ie. Fv/Fc, the width of variation of output
signal Fv/Fc is greately decreased compared with each cutting force component

Using these equations, it is shown

as cutting condition is varied.

Among these conditions, the variation of chip width in the range of more
than Imm and that of cutting velocity have little effect on the output signal
rv/Fc, that of Flank face wear land can be detected without difficulty.

Nomenclature

B ; clearance angle S 3
¢ ; rake angle P

component of the cutting force Sl ;

in the direction of cutting P1 ;
Fv ; component of the cutting force |

normal to the direction of cutting ¢
F. + component of Fc due to the finite R

cutting edge radius Qe
F\} ; component of Fv due to the finite

cutting edge radius [
ty ; uncut chip thickness
tc ; chip thickness

shear stress along shear plane AB
normal stress on plane AB

shear stress along plane OA
normal stress on plane OA

length of plane OA

Merchant shear plane angle
cutting edge radius

rake angle at which pure ploughing
of workpiece material occurs
length projected in the cutting
direction over which ploughing
occurs

* Zhokoi et g = ) A =

* % hoFeiatm o eb
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L, length projected in the cutting hv recovery height of workpiece

direction over which elastic re- material

COvery occurs e, coefficient of friction between
g ; flank wear length tool material and workpiece
W ; chip width material at the flank face
Pm ; pressure acting over region of Pf ; the normal pressure on flank

contact of tool and cut surface wear land

V ; cutting speed
h ; height of Point D
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(a)

Experimental set-up
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(b) Measurement system

Fig. 4 Experimental Apparatus
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& HERo) 4] #EBIHs SM45C 9 SM40C9)
HEE AHdslglon Bed B 9 SAA A
AL table 1 7 3}

Table 1. Chemical compositions and mechan ical properties of workpiece
ché'mical compositions (%) mechanical properties
work=
piece ) Y.P. T.S. E¢ HB
C Si  Mn P S Ni  Cr |Gghm)  (kgpmm) (96)
SM40C | 0.40 0.25 0.75 0.015 0,018 0.10 6.10| 33.5 55.0 22 187
SM45C 0.46 0.25 0.75 0.019 0.007 0.02 0.09 40 .8 69.0 28 198
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om 2 7%k 4L o Sa 7o
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ARkl om fig.5 ol 4 ko] blockdiagram

% by
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Table 2. Experimental data for shear angle

and cutting force

0.5 1 1.5

rig. 7 A piot of Fc vs.(2t1+|_)

mm
2t1+L

cutting Tty t, @ L 2t +L Fe F,
condition (um ) () C°)| (m) | (mm) Chkg ) | (hg)
SM45¢C 0.2 0.453 | 24.58 | 0.24 | 0.64 45.2 24
v =129 0.28 | 0.579 | 26.71 | 0.28°| 0.84 67 24.5
m/ min 0.39 0.708 29.71 0.29 1.07 84.3 25
W=1m 0.48 |0.855 | 31.10 | 0.32 1.30 98.3 26.4

a=5° 0.62 0.9 33.20 0.33 1.87 118 28
0.72 1.126 34.00 0.35 1.79 130.9 28
SM40C 0.2 0.496 | 2.61 | 0.28 | 0.68 40.9 20.7
V=146 0.28 0.626 24 .87 0.32 0.88 54.3 21.9
m/min | 0.39 |0.785 |°7.05 | 0.37 | 1.15 67.8 22
W=1m 0._49 0.915 29 .22 0.39 1.27 . 79.6 23.5
a=5° 0.62 11.065 | 31.42° | 0.40 1.64 91.7 25.2
0.72 1.185 32.58 0.41 1.85 105.2 26.0
Kol smasc
. esma4ocC k9| o Sm4sc
® °SM40C
Fv A
100~
508~
L L | 1 L 1 [l

36
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Fig. 8 A plot of Fv vs. L.
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Table 3. Experimental data of cutting force vs. flank face

wear land
cutting condition ¢ (am) F. (kg) F, Ckg) F./F(%)
SM45C (. 55 24 43.6
t,=0.22m 0.04 57 26 45.6
W=1m 0.075 59 27.8 47.1
V= 149-121 0.090 60 29.2 48.7
(m/min.) 0.118 60.3 30 49.8
0.155 64.2 33.4 52.0
v.192 66 36.3 55.0
SM40C 0 46 21 45.7
t, = 0.22mm ' 0.058 49.2 25.4 51.6
W=l 0.772 49 24.2 49.4
V = 165-140 0.105 51.5 27 52.4
(m/mn.) 0.120 52.4 29.1 55.5
0.147 52.0 29.8 | 57.3
0.186 55.5 32 57.7
% Fkgi_ . Fu/Fo SM45C %'T kgl xFv/Fc SM40C
sFc . R
o Fy iy

50 [F100, 501100

50 50

T , o
- 0.1 0.2 N 0.1 0.2
lf(mrn) If(mm)

Fig. 9 A plot of £, vs. cutting force ratio. Fig. 10 A plot of £, vs. cutting force ratio.
{SM45C) {SM40C)
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(c) wear land 0.155

wear land 0.072 (f) wear land 0.105
Fig. 11 Photograph of flank face wear land.
(a)(b)(c)-SM45C,(d)(e)(f}-SM40C,

(e)

38
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SM40C2] Aol = Py = TIOREDE 62 (kg
/mvﬂ) = o},

Pe o] 2H8 TCARS BERabAd ols] 2 A=
=5 REEA 94 54 gfset LA sl

WA= e Wleke shgateh

el 73 e BWS ek waine L
o o)l EE wAT WANE A4
3) .

F} +WS(2t, +L ) +¢ PW¢
= 9,5+1 X68( 2 x0.22+0.239) + 0.86 X 55
X1 X &

= 55.67 +47.34;
F,=F! +WP.L+P; W¢;

=11 +1 X 55x0.239 +55 X 1 X 4

= 24.15 + 554

PLE-P- SM4s Coll a3t gfil ) ol 44 o]
Zolgh ulwo g SM4oCel oial sl vm

F. =45.83 +49.6 ¢¢

F,=21.50+62 o A& &=k,

e UimiesEs, 2o Bkl sl AR
YIS table 3ol Fakech el A4lel A
- Aspet 4¥A S fige b figlo o v
Bl 2L UHlRAS] ES Fol7] A Wkl

hel mxREAE Bed 2 AaE 2"l o
Eb 3 ek

figllel= flank fioll o] BERel A3 =) =3}
A& zhzke| Mool wiste] debl gk

Table 4. Experimental data for chip width variation.
SM4C V=129 m/min. SM40C V=140 m/min
w Lty = 0.2 t; =0.2=m -
()
F. (kg ) F, (kg F. (kg) F, (kg)
3 90 38.6 85 349
2 77.8 33.6 .7 30.2
1.5 65.7 278 51.7 22
1 46 19.1 41.7 17.4
0.5 29 5.8 22.6 7.1
Table 5. Experimentai data for cutting velocity variation.
v SM45C t,= 0.2 mn \ SM40C t;, = 0.2mm
W= 1lm W= lmm
(m/min) (m/min )
F. Chg ) F, (ke ) Fo (kg ) F, Ckg)
64 53 23.2 73 42.2 20 .7
90 49.1 23.2 103 40 19.5
126 49.1 20.7 144 38.7 18.3
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Fig. 12 A plot of W vs. Fv/Fc.(SM 45C)
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Fig. 13 A plot of W vs. Fv/Fc. (SM40)
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Fig. 14 A plot of t,vs. Fv/Fc. (SM45C) 7ig. 15 A plot of t1'vs. Fv/Fe. (SM40C)
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10041004 © Fv "o
% xFv/Fc
oFc SM40C
°Fv
1001100}
=]
50} 50| S~
\o
Mo—e X 50\ 50| e,
0\0\_0
e,
\.
 ————— .
L | ! . L L ) L ! .
40 80 120 m/min 40 80 120 140Vm/m|n

s
Fig. 16 A plot of V' vs. Fv/Fc. {SM45C)

41

rFig. 17 A plot of V vs. Fv/Fc. (SM40C)
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