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Abstract

Chip breaker selection analysis, only being possible through experimental process, was obtained
by a applied equation which used an orthogonal cutting model and a basic chip deformation. This
equation could present an analysis of the chip breaking phenomena without the use of an actual
experimetal method, and it was applied to computer simulation and proved the validity of theory
through actual experiments. From these results, an efficient method for finding the optimum
conditions of chip breaking was found through an optimized theory being applied to basic
program. A finite element model for simulating chip breaking in orthogonal cutting was devel-
oped and discussed. By simulation the animation of chip breaking is observed in process on the
computer screen.
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Table 2 Chip thickness ; to(mm)

Depth of cut | +6° rake angle | —6° rake angle
0.102 0.37 mm 0.36 mm
0.205 0.51 mm 0.54 mm
0.292 0.69 mm 0.74 mm
0.403 0.82 mm 0.86 mm
0.511 1.01 mm 1.03 mm

~Cutting Condition : V=100 m/min w=2 mm
-Cutting Tool:

1) CSBP R 2020 K-12 & SPGN 120304

2) PSBN R 2020 K-12 & SNMA 120404

Table 3 Specification of experiment chip breaker

Table 1 Chip thickness ; t.(mm) Tip 1 Tip 2
cutting s'peed +6° rake angle | —6° rake angie h 1.2 1.0
(m/min) 1 31 3.0
50 0.65 mm 0.77 mm - '
100 0.59 mm 0.60 mm Table 4 The experimental value of the chip radius
150 0.47 mm 0.50 mm Toq | Chip breaker T| Chip breaker I
200 0.43 mm 0.46 mm Integral type Integral type
250 0.42 mm 0.43 mm CSBP R In 31 1, 3.0
300 0.37 mm 0.42 mm 2020 K-12 h 1.2 h 1.0
-Cutting condition : t,=0.205 mm w=2mm Chip Radius 3.42 l?adius 3.35
back rake angle : —50 thickness| 0.55| thickness| 0.55

-Cutting Tool :
1) CSBP R 2020 K-12 & SPGN 120304
2) PSBN R 2020 K-12 & SNMA 120404

-Cutting condition : V=86 m/min
(diameter : 24.9 mm, rpm : 1100} t,=0.205 mm,
w=2mm
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Table 5 The change of shear angles according to cutting speed

To%l CSBP R 2020 K-12 (+6°) PSBN R 2020 K-12 (—6°)
cutting spee

(m/min) Cutting ratio Shear angle Cutting ratio Shear angle

50 0.311 17.75° 0.264 15.12°

100 0.345 19.63° 0.341 19.38°

150 0.435 24.39° 0.402 22.69°

200 0.474 26.49° 0.438 24.53°

250 0.483 26.85° 0.472 26.29°

300 0.543 29.82° 0.484 26.92°
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Fig. 2 The change of shear angles according to cut-
ting speed

Table 6 The change of shear angles according to depth of cut

Tool CSBP R 2020 K-12 (+6°) PSBN R 2020 K-12 (—6°)
Deggt:ut(mm) Cutting ratio Shear angle Cutting ratio Shear angle
0.102 0.274 15.68° 0.303 17.31°
0.205 0.346 22.52° 0.376 21.31°
0.292 0.399 24.45° 0.395 22.28°
0.409 0.497 27.56° 0.471 26.26°
0.511 0.502 27.83° 0.476 27.49°
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Fig. 4 Schematic of experimental apparatus
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Table 7 Specifications of experimental apparatus

Apparatus Specifications

Workpiece SM45C

Tool type PSBN R 2020 K-12
SNMA 120404

Chip breaker Attached type 45° slant

Tool Sambo electronic MFG Co.
Dynamometer Ast type

Strain Kyowa Electronic Instru-
Amplifier ment Co. Ser. HB 5010

A/D Labin Master

Converter sampling Time : 0.4 msec

Micro-computer | 486 PC
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- Cutting Condition -
Yorkpiece Dianeter ( an ) :7 58
RPN 7780
Cutting Speed : 189.9557 n / nin
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SELECY 197 OF CHIP BREAKER ( 1or 2 ) 372
n:=73
h=z12
[ ERK |

1. INTECRRL TYPL 2. ATTACHED TYPE

In x,n___1
,,_U l » _U v N

;\
| S

Fig. 6 Cutting condition Input and chip breaker select for simulation

ATTACHED TYPE

—~CHIP FLOW TYPE-
. In:3
TOOL: h:z
PSBN R-2020 b : 45.

—CUTTING CONDITION-
Cutting Speed : 88.96017
Depth of Cut : Q18mm
Cutting Width : 2mm

—Chip Deformation—

type:
Pe Shear angle :19.81038
small radiug|chip thickness :0.4781333mm)|
Chip width :2.124268mm
Chip Radius R :1.259897mm

Do you want one more time? (y or n)?|

Fig. 7 Simulation (small radius chip)

~CHIP FLOW TYPE-

o B =

TO0L: ln :
PSBN R-2020

—CUTTING CONDITION—

Cutting Speed : 88.96017
Depth of Cut : 0.15mm
Cutting Width : 2mm

—Chip Deformation—

"ypej . Shear angle : 10.08633
medium radius Chip thickness : 0.415042mm]

Chip width : 2.114348
Chip Radius R : 3.624254mm

Fig. 8 Simulation (medium radius chip)
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—CUTTING CONDITION—
Cutting Speed : 08.86017
Depth of Cut : 0.1mm
Cutting Width : 2mm

~Chip Deformation—

Shear angle : 17.82628
[Chip thickness :

Chip width :

Chip Radius R :6.521233mm

TOOL:
PSBN R-2020

o B

Do you went one more time? (y or n)?l

Fig. 9 Simulation (large radius chip)

Cutting tool

utting force

A

Fig. 10 Configuration of the finite element model
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Table 8 Input data used in the finite element model

Element type 4 node isoparametric solid
element

Young’s 200X 10® N/mm?
Modulus
Density 7.85%107¢ kg/mm?
Poission’s 0.3
Ratio
Yield 590 N/mm?
Strength
Stress-strain 590 N/mm?: 0.004
Curve 660 N/mm?: 0.02

= AR A A=A
71 #EA, wlge °iql
ANSYS(ver4.4) & A-&3tzich, A A=A 84
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6.2E+02
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8.9E+02
1.1E+03
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(a) Without chip breaker
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Fig. 11 Equivalent stress distribution of condition depth of cut 0.1 mm
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Fig. 12 Equivalent stress distribution of condition depth of cut 0.15 mm
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Fig. 13 Equivalent stress distribution of condition depth of cut 0.18 mm
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