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Abstract

To produce the bulk products in metal industry, tool path and cutting time are necessary to predict the amount of product that can be
produced within a certain time (throughout the tool life). The ways used so far are to sacrifice some of the product as an experimental
material. Using such a method will cause many losses, including much time to machining product by trial and error will cause the waste
materials. To solve problem above, this paper described solution to get the accuracy of tool path and cutting time. The solution offered is
to use software to simulate the machining process, so that losses due to time and wasted materials can be resolved.
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1. Introduction

In developed countries nowadays we have developed machining
industry with complete automation concerning the preparation of
work piece, tool, tool holder, and its management by using com-
puter in an integrated system called CIM (Computer Integrated
Manufacturing) which consists of hard and soft technology [1],
[2]. It aims, among others, to further improve the activity and
productivity of the machine. An investigation by Fallbohmer on
cast iron and Alloy Steel machining for die and mold manufactur-
ing reports that conventional machining compared to machining
using the Numerical Control (NC) Program can reduce machining
time (20 ~ 50)% [3].

By using CIM technology product quality can be improved, re-
peatability of manufacture can increase the quantity, work time
can be shortened, minimize human involvement, minimize work
piece damaged by human error factor, improve worker safety, and
efficiency can be improved [4].

2. Methodology

The simulated work piece is a cast iron with a chemical composi-
tion C = (2.5-4.0)%, Si = (1.8-3)%, Mn = 0.8%, S = (0.02 -0.25)%
P = (0.02-1.0)%. Mechanical properties: Tensile Strength = 52.5
K.Psi, Compressive Strength = 164 K.Psi, Modulus of rupture =
73 K.Psi, Tension = 18.8 - 22.8 M.Psi, Torsion = 7,2 - 8,0 KPSI,
Endurance limit = 21,5 K.Psi, Brinnel Hardness = 280 HB.. The
desired maximum surface roughness (Ra) is 2.4 pm (medium fin-
ish).

The equipment used is Personal Computer (PC) with software
simulation machining process. The tool used is uncoated carbide
with complex chip breaker CNMG 120412 EN-TM with chemical
properties: Co = 6.0%, composite carbides = 0.6%, rest and me-
chanical properties: HV = 1550, Tool holder PCLN / R 2525
M12-T with angle Kr = 95° [5].

The method used is to design a working drawing with CAD soft-
ware and then proceed with pulley machining process design is
done by wusing machining features that have been
standardized[6][7]. The machining features are then incorporated
into the machining simulation program [8][9]. There is some ma-
chining features that standardized:

1. The machining feature of the finish, machining on the side of
the work piece, machining process is done by cutting the work
piece to change the diameter of the work piece to b mm along
a mm (figure 1). The NC program used for the process is
shown in Table 1.

a

A

Fig 1: Machining Features

Table 1: NC Program of Finish Machining Features

N G X A F

01 b x 1000 -(a x 1000)

2. Groove machining feature (sloting), machining on work piece
to make groove with diameter b mm and width ¢ mm (figure
2). NC program for the machining process is shown in table 2.
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Fig 2: Groove Machining Features

Table 2: NC Programe of Groove Machining Features

N G X z D3 D5 [ F
86 | bx1000 1| 2
01 | ax1000 '(°+d)o"1°°° B
01 | bx1000
01 | bx1000 S
01 | ax1000 pla ey
-(c+2d)x1000

3. Face machining feature, is machining feature for cutting at-
work piece tip (from side of work piece to center point) as
shown in figure 3. NC program for machining process as
shown in table 3.

Fig 3: Face Machining Features

Table 3: NC Program of Face Machining Features

N G X Y4 F

01 (%52 X 1000) [)

3. Results and Discussion

The machining performed for each pulley product is carried out in
two machining stages. ie the machining of part 1 (figure 4) and the
machining of the other part, which is part 2 (figure 5). The ma-
chining of the pulleys that is:

a. Part 1 consists of machining features: face, finish and face.

Fig 4: Machining Features on Machining Part 1

b.  Part 2 consists of machining features: finish and Groove.

Fig 5: Machining Features on Machining Part 2

Pulley Cutting Simulation

Machining Simulation Part 1
In machining part 1 is done machining by entering data as follows:

tool type and geometry, cutting conditions, tool path.
cam Lathe Version 9,1 - C-UACAMIATHEMHCIPULLEY-2.MC9. R EEE S

mEErRCAaRFEERERERERR

3]
L | B aE 8 —— =

Fig 6: Pulley Machining Simulation Part -1

From figure 7. Obtained the time of face 1 machining =5 sec-
onds.

Operation  Tet fiekds I General}

Tite kext @ Lt Mdde O Right

Contents of bottom te fields:

Flet Date: 110245 - Tocloigin shif: =00 =0 000Z=0.000 v/
‘Pmiect 1 j ‘TDO| change point X=9,843Y=4.921 Z=25 j
Beoney REMZ LS - Geomety: CMCUALATHEMCIRAW? +|
‘Lalhe Fae j ‘Hapidp\ane 48000

‘Dperatiﬂn frne: 0 hours, 0 mirnes, B second j ‘TDU| nurber; 1

‘Spindle speett 2073 j ‘Tooldiametel: 0.000
‘Min. and max . 48.00043.000 j ‘Toolladius:T.ZDU
‘Min. andmax, ;2,200 25,500 j ‘Eulling feed rate 150

oK Cancel ‘ Apply ‘ Help ‘

Fig 7: Face 1 Machining time on Machining Part 1
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From Figure 8, Obtained the time of finish machining = 5 sec-
onds.
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Tiletest; (" Midde " Right
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Fig 8: Finish Machining Time on Machining Part 1

From Figure 9. Obtained the time of machining face2 = 7 sec-
onds.

&
Operation Test fields } General]

Title tet: B v & Left O Midde O Right
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Fig 9: Face 2 Machining Time on Machining Part -1

NC Part 1 pulley machining program

%

00001

G21

(PROGRAM NAME - RAW2-AA DATE = DD-MM-YY - 03-10-05
TIME = HH: MM - 00:01)

(TOOL - 1 OFFSET - 1)

(OD ROUGH RIGHT - 80 DEG. INSERT - CNMG 12
04 12 EN TM)

GO0 T0101

G97 S2033 M03

GO0 G53 X51. 748. M8

G99 G1 X-4.4 F.15

Z49.

M9

G28 U0. W0. M05

T0100

MO01

(TOOL - 2 OFFSET - 1)

(OD ROUGH RIGHT - 80 DEG. INSERT - CNMG 12 04 12 EN
™)

GO0 T0201

G97 S2033 M03

GO0 G53 X0. 0. M8

Z2.

X-4.

G120. F.15

Z-25.

X-1.172 Z-23.586
M9

G28 U0. WO. M05

T0200

MO01

(TOOL - 3 OFFSET - 3)

(OD ROUGH RIGHT - 80 DEG. INSERT - CNMG 12
04 12 EN TM)

GO T0303

G97 S1194 M03

GO G53 X84. Z23. M8

G1 X43.6 F.15

224,

GO X46.233

M9

G28 U0. WO. M05

T0300

M30 %

Machining Simulation Part 2
After the machining simulation of part 1 is completed, the machin-

ing simulation of part 2, ie the groove making (figure 10) for the
purpose of obtaining machining operation and NC Program.
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Fig 10: Pulley Machining Simulation Part 2

Figure 11 Obtained the time of finish machining =9 seconds.

(Operation  Test figlds 1 Generaw

Tiletest  |CMCAMBLATHEMCRPULLEY- =] & Leit ¢ Midde ¢ Right

Contents of bottomn test fields:

|Plot Diate: 09/30/05 | [Tool arigin shit: %=40.000 Y=0.000 2600 ~ |

‘F‘roieclﬂ j |TDDI change point: %=9.843 Y=4.921 Z=20 ﬂ

|Geametry: PULLEY-1.MC3 ]| [Geomety: CAMCAMPLATHEMCIFULL ~|

[Lathe Firish | |Rapid planc: 0.000 |

‘Dperation time: 0 hours, 0 mirutes, 9 secondﬂ |TUU| number: 2 ﬂ

‘Spindle speed: 1194 j |TDD| diameter. 0.000 ﬂ
| [Toolradius 1.200 -
j |Cutling feed rate: 0.150 ﬂ
0k Cancel ‘ Apply ‘ Help ‘

Fig 11: Finish Machining Time on Machining Part 2

Figure 12, Obtained the time of groove machining = 1 minute,
33 seconds.
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Fig 12: Groove Machining Time on Machining Part 2

NC program of Pulley Machining Part 2
SRAWMAT2.MIN%

00001

(PROGRAM NAME - RAWMAT?2)
(DATE=DD-MM-YY - 30-09-05 TIME=HH:MM -
01:20)

(TOOL-1 OFFSET-3)

(OD ROUGH RIGHT - 80 DEG. INSERT - CNMG 12

04 12 EN-TM)
G0 X170. Z200.
T0203

G97 S1194 M03 M41
GO0 XO0. Z0.

Z2.

X-2.

G95 G120. F.15
Z-25.

X.828 Z-23.586
GO X2.

Z-23.

GO0 X170. Z200.
MO05

MO01

(TOOL - 2 OFFSET -2)
(OD GROOVE CENTER - NARROW  INSERT —
CNMG120412 EN TM)

GO X250. Z250.

T0102

G97 S1194 M03 M41

GO X83.975 Z36.575

G95 G1 X50.4 F.1

GO X83.975

734.584

G1 X53.922

X51.391 734.971

G3 X50.4 735.64 1.205 K.669
G1 236575

GO X83.975

7°38.566

G1 X53.922

X51.391 738.179

G2 X50.4 Z37.51 1.205 K-.669
G1 236575

X50.798 736.376

GO X83.975

732.592

G1 X66.949

X53.922 734.584

X54.32 734.783

GO X83.975

740.558

G1 X66.949
X53.922 738.566
X54.32 738.367

G0 X83.975
Z30.601

G1 X79.975
X66.949 7232.592
X67.347 232.791
G0 X83.975
Z42.549

G1 X79.975
X66.949 740.558
X67.347 Z40.359
G0 X83.975
Z28.995

X82.687

G1 X79.858 230.41
X51.274 Z34.779
G3 X50. Z35.64 1.263 K.861
G1 X50.5 Z35.39
G0 X82.687
Z44.155

G1 X79.858 z42.74
X51.274 738.371
G2 X50. Z37.51 1.263 K-.861
G1Z37.29

X50.5 Z37.54

G0 X82.687

G0 X250. Z2250.
MO05

Mo02

%

Testing of simulation result by experimental.

The simulation result of machining process by using computer
software obtained simulation cutting time, also obtained NC pro-
gram which is then inputted into CNC machine to perform ma-
chining operation of product. From the results of CNC cutting
operations are also obtained cutting time per product. In table 4
can be seen the differences in time of machining simulation and
time of real machining are very thin.

Table 4: Machining Time of Simulation Compared with Real Time Ma-
chining

cc v F A t Simu-lation t
Real
1 300 | 015 | 05 0:02:53 0:02:51
2 300 | 015 1 0:01:59 0:01:58
3 300 | 025 | 05 0:01:43 0:01:43
4 300 | 025 1 0:0L:11 0:0L:12
5 500 | 015 | 05 0:01:43 0:01:43
6 500 | 015 1 00112 00112
7 500 | 025 | 05 0:01:03 0:01:04
8 500 | 025 1 0:00:42 0:00:44

In Figure 13, it can be seen more clearly the difference in graph of
machining time of each cutting condition from machining opera-
tion simulation and from CNC machining operation (experimental)
that the differences are very thin.
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Real Machining and Computer
Simulation Time
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Fig 13: Grafic of real machining and Computer Simulation Time

4. Conclusion

By entering the tool path, cutting condition, tool type and material
type of object work on the simulation software, then the simula-
tion of the cutting process can be programmed. From the execu-
tion of the simulation program obtained tool path and NC program
which later can be inputted on CNC lathe for application of actual
cutting process. Comparison of cutting time obtained from cutting
using computer simulations by cutting on CNC machines has no
significant difference.
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