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A Study on Photoelastic Fringe Patterns in Cutting Process( 1)
Jeong-Du Kim and Yong-Seong Lee

Abstract

In this study the phenomenon of cutting stress which arises on cutting tools and work pieces
in cutting process is investigated by rake angle of cutting tools and feed for this measurement,
ps—1 (high modulus, photolastic Inc.) was used as a cutting tool, p;—3 (medium modulus,
photolastic Inc.) was used as work piece and reduction apparatus was attached to the head
stock, and orthogonal cutting was adapted as a cutting method and transparent glass was used
to block the strain in the orientation of thickness.

The followings are the results of this study.

(1) Photoelastic experimental equipments have made it possible to make dynamic measurement
and analyze stress distribution in cutting tool and work.piece surface which has hitherto been
conducted only in static measurement and analyzing method.

(2) The maximum stress arising at tools and work pieces in cutting process is on the tool edge
tip, and the maximum stress arising on the tip of cutting tools is equal to that on the
contacting area of work pieces in values.

(3) The distributions of maximum shear stress on certain parts of the cutting tools and work
pieces are as follows; for cutting tools, a=12°, a=0°, a=—12° in order, and for work
pieces, a=—12°, a=0°, @=12° in opposite order.
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Table 1 Physical properties of ps—1 and ps—3.

E:(psi) Vs K tc(inch)

Material type

Cutting tool (ps—1)
(high modulus, photo-
lastic Inc.)
Work piece (ps—3)
(medium modulus,
photolastic Inc.)
E, : Elastic modulus
K : K factor

t. : Thickness of test material

360,000, 0.38 0.15 0.12

30,000 0.5/ 0.02 0.08

v, : Poisson’s ratio
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Table 2 Measurement standard of Isochromatic fringe pattern!®.

Color Black | Gray | White |F aylrillow Orange | Dull red | Purple |Decp blue
Fringe order (N) 0 0.28 | 0.45 0.60 0.8 | 0.90 Lo | 108
Color blue green gr;%rlllow ‘ orange | rose red purple green gr;eerlllow red
Fringe order (N) l 1.22 ’ 1.39 1.63 1.82 2.0 ’ 2.35 2.50 ‘ 2.65
Color trx?:r{sition green pink g‘rtlelgr/l tr. | 8reen {
Fringe order (N) 3.00 | 310 | 36 | 400 | 415 |
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Fig. 6 Measurement and line of isochromatic fringe patterns.
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Fig. 5 Experimental results of isochromatic fringe

patterns.

t=0,05 "7,

t=02 '""/!;



PIRImIY etk Jpd A3 HR 165

R a=12°(Fig. 6(2)), a=0"(Fig. 6(b)), a= A YUHITAMEY HT AEE RISz A:s € F
—12°(Fig. 6(cNY =9 SEHe= Yehte Fig. 5 93, Fo2 BRF =28 Fol& SCRAZIS
(), Fig. 5(b), Fig. 5(c)% FEsted KRY Aolch.  BfeE flgleh o] Hme HK#o= st TREES
Aol 4 mhled Yebtbe SE@ANS FEERA X, HElM Sk Y 24 Table 33 Table 49
8 gikel el FebAle =g BRY Bl =k 2 e FEsigoh LAY 44 4xEd k|

Table 3 Numerical data for experimental results to o, —o, of cutting tool.

i \C\; V=15mm/min {=2,0mm (kg-mm-*)
) @ | a=12° a=0° a=—12°

No. \ L 0es |0 0.2 0.05 | 0.1 0.2 0.05 | 0.1 | 0.2
1 0 0.557| o.780| o.se2| 0.557| o0.780| o0.802| o0.557| 0.780| 0.892
2 1.5 0.468 | 0.762| 0.874| 0.415| 0.645| 0.750| 0.385| 0.560, 0.715
3 3.1 0.388 | 0.720 | 0.825| 0.347| 0.455| 0.602| 0.262| 0.406| 0.545
4 4.7 0.312| 0.675] 0.772| 0.250| 0.334| 0.485 0.165| 0.285 0.415
5 6.3 0.256 | 0.625| 0.740| 0.195| o0.247| 0.300( 0.120| 0.212 0.3%
6 7.9 0.213| 0.608| 0.698| 0.154| 0.175| 0.315| 0.075| 0.136| 0.275
7 9.5 0.189| 0.500| 0.670| 0.125| 0.126| 0.267| 0.055| 0.085| 0.223
8 1.1 0.154 | 0.574 | 0.640 | 0.095| 0.080| 0.225 0.050 | 0.184
9 12.7 0.135 | 0.565| 0.615| 0.075| 0.070| 0.202 0.040 | 0.154
10 14.3 0.120 | 0.550 | 0.590 | 0.065| 0.050| 0.175 0.030 | 0.136
11 15.9 0.115| 0.530 | 0.580 | 0.055| 0.030{ 0.150 0.020 | 0.110
12 17.5 0.110 | 0.525 | 0.575| 0.050 0.135 0.092
13 19.1 0.095 | 0.520| 0.565| 0.040 0.115 0. 070
14 20.7 0.092| 0.515| 0.562( 0.035 0.110 0.066
15 22.2 0.089 | 0.510| 0.560| 0.034 0.095 0. 045
16 23.8 0. 087 0.558

Table 4 Numerical data for experimental results to ¢,—o, of work piece.

\\\L V=15mm/min {=2, 0mm (kg-mm-~?)

: \\a a=12° a=0° a=-12°
#>) 0o | o1 | o2 0.05 | 01 | 0.2 0.05 | 0.1 | oz
1 0 0.557| o.780] o0.802] 0.557| o0.780] o0.802| o0.557| 0.780] 0.802
2 L5 0.295 | 0.475| 0.685| 0.230| 0.567| 0.714| 0.405| 0.627 | 0.782
3 3.1. | 0.192| 0.325| 0.495| 0.165| 0.398| 0.565| 0.200| 0.452| 0.650
4 47 0.125| 0.205| 0.330| 0.120] 0.284| 0.400| 0.198| 0.330 | 0.500
5 6.3 0.085| 0.145| 0.225| 0.085| 0.206| 0.295| 0.140| 0.265| 0.38¢
6 7.9 0.076| 0.085| 0.165| 0.070| 0.145| 0.204] 0.105| 0.184| 0.300
7 9.5 0.057| 0.054| 0.108| 0.065| 0.085| 0.142| 0.08¢| 0.125| 0.220
8 1.1 0.035| 0.035| o0.076| 0.055| 0.062| 0.105| 0.068| 0.074| 0.165
9 12.7 | 0.025| 0.025| 0.064| 0.03¢| 0.043] 0.075 0.062 | 0.105
10 14.3 0.024 | 0.020| 0.045 0.038 | 0.064| 0.045 | 0.085
u 15.9 0.018 | 0.040 0.035 | 0.050 0. 065
12 17.5 0.018 | 0.028 0. 042 0.054
13 19.1 0.020 0.038 0. 048
i 20.7 0.028 0.038
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Fig. 7 Stress of X-axis on the cutting tool.
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Fig. 8 Stress of Y-axis on the work piece.
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