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A Study on the Development and Surface Roughness of Roller Cam SCM415 by 5-Axis
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In this study, we carried out the each lines of section, using GC (green silicon carbide) whetstone,
the SCM415 material which separated by after and before heat treatments process, in 3+2 axis
machining centers for integrated grinding after cutting end mill works, the spindle speed 8000 rpm
and feed rate 150 mm/min. For the analysis of the centerline average roughness (Ra), we
measured by 10 steps stages. Using Finite element analysis, we found the result of the load
analysis effect of the assembly parts, when applied the 11 kg’s load on both side of the ATC
(Automatic tool change) arm. The result is as follows. For the centerline average roughness (Ra)
in the non-heat treatment work pieces, are appeared the most favorable in the tenth section are
0.510 um, that were shown in the near the straight line section which is the smallest deformation
of curve. In addition, the bad surface roughness appears on the path is to long by changing angle,
the more inclined depth of cut, because the chip discharging is not smoothly.

Key Words: Automatic Tool Change (ATC, At& &7 W &&X[), Surface Roughness (™ 7{& 7]), Displacement Vector
(#19| HE), Tool Change Arm (8 + uw & 2h), Roller Follower (22 $&%)
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Fig. 2 Internal configuration of the experimental system

Fig. 1 Schematic view of roller cam and tool change arm
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Fig. 3 Schematic illustration of the Surface roughness

measuring instrument
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Fig. 4 After drawing the first sample machining

3}stA AEL C 0.13~0.18%, Si 0.15~0.35, Mn 0.6~
0.85, P 0.03%, S 0.03%, Ni 0.25%, Cu 0.3% % ©]T}.
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Fig. 5 Dressing of GC hone tool

Table 1 Specification of ATC

No Tem Description
1 Method of joint Tool holder vertical position
2 Tool size Mas 403 BT-40
3 Weight of Tool 8 kg x 2ea
4 Radius of arm 240 mm
5 Weight of arm 8 kg
6 | Rpm of input axis (max) 225 rpm
7 Motor G3FB-22-10-040A (Nissei)
8 Lubrication Oil type
9 Cycle time 1.4 sec
10 | The ration on of reduction 1/46.875
11 Balance of arm axis +0.55 Target/R240 (90°)
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Table 2 Displacement conditions for a cam & rotating

follower

Section Cam Angle Motion Curve Type

1 0°~10.5° Dwell -

2 10.5° ~ 62.5° -70° Return | Modfied Sine

3 62.5°~122.5° Dwell -

4 122.5°~237.5° | -250° Return | Modfied Sine

5 237.5° ~297.5° Dwell -

6 297.5° ~349.5° | -180° Return | Modfied Sine

7 349.5° ~ 360° Dwell -

(Degree)
20°
cw
GCW MS
180°
MS
0 eow
MS
0°105° 625 1225 2815 2975 3495 360°

(Degree)

Fig. 6 The cam curve diagram
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Fig. 7 Design parameters of a roller gear cam &
rotating follower
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Fig. 9 Measurement position of surface roughness

Table 3 Measure surface roughness (Ra) by grinding of
heat-treatment and non-treated

No Non-treated Heat-treatment
1 0.970 um 0.870 um
2 2.070 /m 1.160 £m
3 0.940 gm 0.740 /m
4 0.891 /m 0.850 /m
5 0.590 /m 0.714 m
6 0.740 gm 0.780 /m
7 0.690 /m 0.800 /m
8 0.721 um 0.820 m
9 0.740 gm 0.760 /m
10 0.510 £m 0.652 /m

2.500

—a-non-treated (feed rate 150mm/min)
2000 - -#heat-treatment (feed rate 150mm/min)

1.500
1.000 4
[

0.500 -

Surface roughness Ra(zm)

0.000 . . . . . . . L
1 2 3 4 5 6 7 8 9 10

Section number
Fig. 10 Surface roughness by cutting of heat-treatment
and non-treated
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