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Figure 2.40. Transform the view,

Figure 2.40(c) has been transformed using the following sequence:

1. Translate to location (a, b, ¢).
2. Rotate about X (—90°),
3. Mirror image on X,

The concatenated transformation matrix can be wrillen as follows. Let

= —90°:
I 0 0 0f]1 0 0 Oj[-1 0 0 0
0 1 0 0|0 «cosé@ sing 0 01 00
T= &
0 0 1 0]]0 sin@ cosf 0 00 1 0 2:33)
—a —b —¢ 1 0 0 0 1 00 0 1
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acess attributes, only a point estimator is used to predict the surface-finish
~c=pability. This point estimator can be taken from an existing data table such as
=2at shown in Figure 3.1.
Table 3.3 gives some example process-boundary data taken from Wysk
1 1977). As mentioned before, there is no universal process-boundary data. Each
==chine tool has its unique process capability.

INTERMEDIATE MATERIALS

2SIC MACHINING CALCULATIONS

Scfore we start the topic of process capability, it is worthwhile to discuss the
=asic calculations of machining. Our discussion is limited to drilling, turning, and
milling. Calculations for other conventional machining processes can be derived
“rom the ones discussed.

34.1 Feed and Feed Rate

Seed, f, can be defined as the relative lateral movement between the tool and the
workpiece during a machining operation. It corresponds to the thickness of the
<hip produced by the operation shown in Figure 3.18. In turning and drilling
operations, it is defined as the advancement of the cutter per revolution of the
workpiece (turning) or tool (drilling). The typical unit is ipr (inch per revolution).
1= milling, it is defined as the advancement of the cutter per cutter-tooth revolu-
“on: the unit is inch per revolution per tooth. Feed rate, Vy, is defined as the
speed of feed; the unit is ipm (inch per minute).

V= faN G.17)
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Figure 3.18. Chip [ormation.
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Figure 3.25. Contours of unit cost and the feasible region.
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where n = the number of teeth in the cutter, for milling; n = 1, for drilling ant
turning
N = rotation speed of the cutter (drilling and milling) or workpicce (tu
ing) in rpm

3.4.2 Cutting Speed

The cutting speed, V, can be defined as the maximum linear speed between
tool and the workpiece. The cutting speed for drilling, turning, and milling can t
determined as a function of the workpiece or the tool diameter, 1, and the rotatics
speed, N.
7DN s

V= TR (3.1
where V = speed, feet per minute

D = diameter, inches

N = rotational speed, rpm

3.4.3 Depth of Cut

The depth of cut is determined by the width of the chip (Figure 3.15). During
roughing operation, the depth of cut is usually much greater than that for
finishing operation. For turning, it is one-half the difference between the in
and the outer diameters of the workpiece.

D, — Dy
aﬂ = 2. 2 g (3.
where a, = depth of cut, inches
D, = outer diameter, inches
D; = inner diameter, inches

3.4.4 Metal-Removal Rate

The metal-removal rate (MRR) is a measurement of how fast material is remove
from a workpiece. It can be calculated by multiplying the cross-sectional arca
the chip by the speed. A large metal-removal rate (MRR) produces a short pr
cessing time, and a low MRR yields a long processing time. However, the
also affects the life of a cutter. The effect of the metal-removal rate to tool life
discussed later. The unit of the metal-removal rate is usually expressed as ¢
inches per minute. A different formula is used for different processes. For dr
ing, the cross section area of the chip is 7D2/4.

wD? aD?

MRR = ==V, = T fN (
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Figure 3.26.

The end of the part described in Review Question 3.9 is to be faced. The spindle rpm
is set s0 as not to produce a cutting speed higher than the suggested speed (450 fpm).
Whalt are the feed speed, spindle rpm, MRR, and cutting time?

A volume of 10in. long, 5 in. wide, and 0.5 in. thick is to be removed by a face-milling
cutter. The cutter is 3 in. in diameter and has six teeth. The maximum depth of cut is
0.5 in. What are the feed speed, spindle rpm, and cutting time?

When a 0.5-in. high-speed steel (HSS) drill on SAE 3140 stcel at a feed of 0.03 ipr is
“sed, the tool-life equation can be expressed as

6.16 x 1012
L= —

The hole drilled is 2 in. deep. If the selected speed is 200 [pm, how many holes can be
Zrilled before we need to change the drill? i
When a HSS tool is used to turn a stainless-steel shaft, the cutting force can be

predicted:
F. = 151,000 /0874096

The recommended speed is 200 fpm and the feed is 0.03 ipr. The diameter of the
workpiece is 3 in. and the final diameler is 2.8 in. The part is 4 in, long. A 10-hp
=otor is used to drive the machine. The machine elficiency is 0.90. What is the
=aximum depth of cut based on the power-consumption constraint? How long will it
“=ke {0 finish the workpicce?

“Assume the workpiece in Review Question 3.9 is made of alloy steel. What is the
s=guired cutting power? Use Figure 3.23,
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where D = drill diameter, inches
V¢ = feed rate, inches per minute
[ = feed, inches per revolution
N = rotational speed, rpm

Since
2v
N== (3.21)
MRR =T 2 2Y _ opnry (3.22)
4 wD

For turning, the chip width is (D, — D;)/2, where D, and D, are outer
2nd inner workpiece diameters, respectively. The cross-sectional area is
=D? — D}/4. Therefore, the metal removal rate is

MRR - 705 = )y, = 05 o D oy (3.23)
= W(Dﬂlivbm (3.24)
MRR = 6(D, — D) fV (3.25)

For milling processes, the chip cross-sectional area is (Figure 3.19)
A= a,w (3.26)
MRR = a,wV; = a,wfnN (3.27)
MRR = 240 py (3.28)

wD

where a, = depth of cul, inches

w = width of cut, inches

n = number of teeth on the cutter .
D = cutter diameler, inches

[ = feed, inches per tooth per revolution
V = speed, feet per minute

245 Machining Time

zchining time is the total amount of time it takes to finish a workpiece. Machin-
=z time is a function of workpiece size, depth of cut, feed, and speed. It can be
~alculated by dividing the tool-path length by the feed speed. The tool-path length
s determined by the length of the workpiece, overtravel of the tool for clearance,



