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A Study on the Cutting Forces and Tool Deformation when Flat-ended
Pocket Machining
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ABSTRACT

Recently, the operation of precision pocket machining has been studied for the high speed and accuracy in
industry to increase production and quality. Moreover, the demand for products with complex 3D free-curved
surface shapes has increasing rapidly in the development of computer systems, CNC machining, and CAM
software in various manufacturing fields, especially in automotive engineering. The type of aluminum (Al6061)
that is widely used in aerospace fields was used in this study, and end-mill down cutting was conducted in fillet
cutting at a corner with end-mill tools for various process conditions. The experimental results may demonstrate
that the end mill cutter with four blades is more advantageous than that of the two blades on shape forming in
the same condition precise machining conditions. It was also found that cutting forces and tool deformation
increased as the cutting speed increased. When the tool was located at 45° (four locations), the corner was
found to conduct the maximum cutting force rather than the start point of the workpiece. The experimental
research is expected to increase efficiency when the economical precision machining methods are required for
various cutting conditions in industry.
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Fig. 3 Tool dynamometer and eddy-current system

Table 1 Experimental conditions for machining tests

Item Value
Spindle revolution (rpm) 1500
Feed rate (mm/min) 80
Depth of cut (mm) 2
End-mill diameter(mm) 6
End-mill 24
Number of the tool edge (ea) i
Cutting direction Up milling, Down milling
Alr gjection On, Off
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: procedure A B C condition =
1 1 010 |0 A4.5,G
2 2 0 0 1 AB G . . .
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Table 3 The experimental conditions of pocket machining

Factor & level conditions
. ..:| Number
NO.| Spindle Depth [End-mill .
o revolution| Feed | orout |diameter of tool A
(mm/rnin), edge |ejection
(rpm) (mm) (mm) (each)
1 1500 80 2 6 2 On
2 1500 80 2 6 2 Off
3 1500 80 2 6 4 On
4 1500 80 2 6 4 Off
5 1500 80 2 6 2 On
6 1500 80 2 6 2 Off
7 1500 80 2 6 4 On
8 1500 80 2 6 4 Off
35 by
A3 13,
i [: Starting point i ‘ Starting point
i ) e RS
0 o a 0 © (4]
Ol 4 \ O - !
1 ‘ 5 4493 ! 1 .‘ <L,4?3
(a) Up milling (b) Down milling
Fig. 4 Tool path for pocket machining
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Fig. 6 Tool deflections measured by eddy current sensor
system
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(a) Cutting force of x-axis
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Fig. 7 Cutting forces measured by tool dynamometer

Table 4 Maximum value average table of the tool

dynamometer
No. Cutting force|Cutting force|Cutting force| Average
of X-axis of Y-axis of Z-axis |cutting force
1 69 59 59 62
2 67 65 61 64
3 96 75 84 85
4 92 79 62 77
5 63 62 40 55
6 73 58 37 56
7 89 76 54 73
8 93 75 60 76
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Fig. 8 Maximum value average graph of tool dynamometer

Table 5 The maximum value of the average variance
of the tool dynamometer

Source DF |Seq SS|Adj SS |[Adj MS| F P

A

(Cutting direction 2450 | 2450 | 7.71 10.048

1| 260

B
(Number of the | 1 |684.50|684.50|684.50|181.06(0.107

tool edge)

1 | 98.00 | 98.00 | 98.00 | 25.9 |0.197

(Air ejection)

Error 4 | 15.00 | 15.00 | 3.75
Whole 7 [822.00
S =1.93649

R-Squared(square)= 98.18%
R-Squared(Correcton) = 96.81%

Table 6 Maximum value average table of the tool

deflection
N Tool deflection | Tool deflection | Average tool
0 of X-axis of Y-axis deflection
1 0.286 0.06 0.173
2 0.282 0.051 0.166
3 0.324 0.04 0.182
4 0.365 0.037 0.201
5 0.303 0.028 0.165
6 0.191 0.032 0.111
7 0.392 0.041 0.216
8 0.393 0.044 0.218
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04 T S 0393
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§ | o3
.ﬁ 0.25 — Tool deflection of X-axis
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Number of experiment

Fig. 10 Maximum value average graph of tool deflection

Table 7 The maximum value of the average variance of the
tool deflection

A B
- \ Source DF | Seq SS |AdjSS|AdjMS| F | P
0 e A
—— \ (Cutting dircctiom| | [0-00076(0.00001/0.00001| 120 |0.334
B
i : : ; . (Number of the | 1 [0.00510[0.00510{0.00510| 8.07 |0.047
0 1 0 1 tool edge)
[+
. (Air cjection) | 1 |0:00020[0.0002000.00020/ 0.03 (0.874
- e Error 4 {0.00308(0.00308/0.00077
& — Whole 7 10.00840
60
S =0.0277916

i} 1

Fig. 9 Main effects plot (mean data)

R-Squared(square)=63.26%
R-Squared(Correcton) = 35.70%
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