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Machining (7] A 7}%)

» Machining is the broad term used to describe removal of material
from a workpiece.
= Cutting (42}713)
= Abrasive processes (Y4 A7}-¥)
= Advanced machining processes (57| A 7}3)

FIGURE 8.1 Examples of
cutting processes.

(a) Straight turning

Cutter

Ref.
(c) Slab milling (d) End milling S. Kalpakjian, "Manufacturing Processes for Engineering Materials",
3rd/4th ed. Addison Wesley



High speed machining

FIGURE 11.1 Integrated product and process design allows this aerospace component to be completely
machined from the solid as shown in the lower photograph (Courtesy of Dr. Donald Sandstrom, The
Boeing Company)

Ref.
S. Kalpakjian, "Manufacturing Processes for Engineering Materials",
3rd/4th ed. Addison Wesley



Chip formation (&

/\é)

Orthogonal cutting (¥ 242}
Oblique cutting ("4 A2 4}

Positive Rake angle (3 A}2})
= Chip away from the workpiece
Negative Rake angle
= Sturdy

Ref.

S. Kalpakjian, "Manufacturing Processes for Engineering Materials",

3rd/4th ed. Addison Wesley
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FIGURE 8.2 Schematic
illustration of a two-
dimensional cutting process,

WO[kpicce also called orthogonal
(3:]_ 11:_]_-7_]-) cuitting.
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Orthogonal cutting model

Rake angle a (90° — ¢ + a)

(b)

Shear plane

Workpiece FIGURE 8.3 (a) Schemaric

illustration of the basic

C mechanism of chip
A & A formartion in cutting.
: \\/ (b) Velocity diagram in the
e (¢ — a) cutting zone.
OB

(a)

Ref.
S. Kalpakjian, "Manufacturing Processes for Engineering Materials",
3rd/4th ed. Addison Wesley



Shear-angle relationships — Merchant model
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Strain hardening

= Machined material (chip) has higher hardness than
uncut material due to high strain hardening (shear

strain, 7 ~20)

= Vickers indentation test :

Ref.
S. Kalpakjian, "Manufacturing Processes for Engineering Materials",

3rd/4th ed. Addison Wesley




Secondary shear zone
1Secondary shear zone

Workpiece

Primary shear zone

Primary
shear zone —

Low shear
strain
High shear ¢
strain

L._.-.wx“_,y 3

(d)

FIGURE 8.4 Basic types of chips produced in metal cutting and their micrographs: Ref

(1) continuous chip with narrow, straight primary shear zone; (b} secondary shear zone at H " i H i 1 "
the tool—chip interface; (c) continuous chip with built-up edge; (d) continuous chip with S Kalpakjlan’ . ManUfaCtu rlng Processes for Englneenng Materlals ’
large primary shear zone; () segmented or nonhomogencous chip; and (f) discontinuous 3rd/4th ed. Addison Wesley

chip. Sonrce: After M. C. Shaw, P. K. Wright, and S. Kalpakjian.



Chip morphology (34} (2)

= Continuous chips (3£3 )

High cutting speeds / high rake angles
(secondary shear zone)

Good for tool life & surface finish (may
need chip breaker)

Ductile materials with low coefficient of
friction

= Built-up Edge chips (BUE, -4 214)

High friction coefficient — workpiece
weld on the tool edge

Periodical separation of material - bad
surface

It can be reduced by increasing the
cutting speed and the rake angle,
decreasing the depth of cut, using a
tool with a small tip radius and effective
cutting fluid.

» Serrated chips (U & F)

Nonhomogeneous / segmented chips
Zones of low and high shear strain

Ti : sharp decrease of strength and
thermal conductivity with increased
temperature

» Discontinuous chips (¢4 %)

Brittle materials (ductile materials with
high friction coefficient) : Cast iron,
bronze

Chatter, vibration



Chip morphology (H34) (3)

= Depending on :
cutting speed, temperature,
tool angle, friction, vibration

Chip breaker

Clamp
Rake face ;
_Chip
of tool breaker
™ Tool
(a) (b)

Rake face

FIGURE 8.7

(a) Schematic illustration of
the action of a chip breaker.
Note that the chip breaker
decreases the radius of
curvature of the chip.

(b) Chip breaker clamped
on the rake face of a curting
tool. (¢) Grooves in cutting
tools, acting as chip
breakers.

Radius Positive rake

(c)

FIGURE 8.5 Shiny
(burnished) surface on the
tool side of a continuous
chip produced in turning

—
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Oblique cutting (3 A2 2})

= Inclination angle (7]%2}), |

Tool

Workpiece

o Top view O s ) s sy 3 s o 1
(a) (b) (c)

FIGURE 8.9 (a) Schematic illustration of cutting with an oblique tool. (b) Top view,
showing the inclination angle, i. (c) Types of chips produced with different inclination angles.

Ref.
S. Kalpakjian, "Manufacturing Processes for Engineering Materials",
3rd/4th ed. Addison Wesley



Turning tool

. —Toolholder
. Cl f
Eléd-cutmrg Side k-l_,\‘ s:rTwE [
cdge angle  pake angle, + ¢
{hC‘EA) (SR) 4 ! Clamp
L Fa , - Cutting edge
-~ ace
—— T “~—— Back rake angle, +
/ = (BR} Insert —__|
Axis | T~ Flank
\ -y “Ai“‘
| L Side relief angle X
i T \L .
I \\ —————— Side-cutting edge angle Seat or shim
‘| \ (SCEA)
T B 4
Axis —» 4
Nt e Clearance or end relief angle
I
(a) {b)

FIGURE 8.10 (a) Schematic illustration of a right-hand cutting tool. Although these tools
have traditionally been produced from solid tool-steel bars, they have been largely replaced
by carbide or other inserts of various shapes and sizes, as shown in (b).

Feed (mm/rev or in./rev)

FIGURE 8.19

Terminology used in a
turning operation on a lathe,
where f is the feed (in in./rev
or mm,/rev) and d is the
depth of cut. Note that feed
in turning is equivalent to
the depth of cut in
orthogonal cutting (Fig. 8.2),
and the depth of cut in
turning is equivalent to the
width of cut in orthogonal
cutting. See also Fig. 8.42.

Rate of removal =Vfw

e LDepth of cut (mm or in.)

Where
V : cutting speed (m/min)
f :feed (mm/rev)

w: depth of cut (mm)
Ref.

3rd/4th ed. Addison Wesley

S. Kalpakjian, "Manufacturing Processes for Engineering Materials",



Temperature

FIGURE 8.16 Typical
temperarure distribution in
the cutting zone. Note that
the maximum temperature is
about halfway up the rake
face of the tool and that
there is a steep temperature
gradient across the thickness
of the chip. Some chips may
become red hot, causing
safety hazards to the
operator and thus
necessitating the use of safery
guards. Source: After

Temperature

(°C)

G Vieregge.
Chip Tool
Secondary zone of heat generated on tool
Work material —= b 4
Pr1mary..¢iildﬂ
-ZONne ------ i
heat h Tertiary zone of heat generation with blunt tool

source

Ref.
S. Kalpakjian, "Manufacturing Processes for Engineering Materials",
3rd/4th ed. Addison Wesley



Tool wear (& 7-7}3)

= Flank wear
= Crater wear
= Chipping

Flank wear

Depth-of-cut line

Workpiece

—
L=

Flank wear

: . i wear in metal cutting.
wear Depth-of-cut line Figure 4.1 Regions of tool wea g

FIGURE 8.21 (a) Crater
wear and (b) flank wear on a
carbide wol. Saurce: ]. C.
Keefe, Lehigh University.

Ref.

S. Kalpakjian, "Manufacturing Processes for Engineering Materials"
3rd/4th ed. Addison Wesley



Flank wear

= F. W. Taylor’s tool life equation

VT"=C
logV =logC —nlogT

n(HSS) =0.15, V =50m/min
n(Tungsten Carbide) =0.25, V =70m/min

Tool life

Speed (ft!nlin;

log T (General observation
= straight line
1
7]
log C \
I I log V
r C -‘-1\
Ref.

S. Kalpakjian, "Manufacturing Processes for Engineering Materials",
3rd/4th ed. Addison Wesley



Tool condition monitoring

FIGURE 8.26 mm  in. in. mm o
Relationship berween mean =
flank wear, maximum crater = 1.5 + —0.15 5
wear, and acoustic emission O ’ e
{noise generated during = 0.050 + 0.005 _g
cutting) as a function of e - N dn =
machining time. This 5 1.0 0.040 L 0.004-0.1 8
technique is being developed &= 0.030 0.003 o
as a means for monitoring o | i E
wear rate in various cutting 8 0.5 -0.020 B 0.002+0.05 =3
processes without E 0.010 | 0.001 g
interrupting the operation. ’ - ) -
Source: After M. S. Lan and 0—~—0 0——0 g
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S. Kalpakjian, "Manufacturing Processes for Engineering Materials",
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Surface finish

Roughness (R.)

pm 50 25 12.5 6.3 32 1.6 0.8 040 020 0.10 0.0§ 0.025 0.012
Process pin. 2000 1000 500 250 125 63 32 16 § 4 2 1 0.5

Average application

[ Less frequent application

| | |
Flame cutting

Snagging (coarse grinding)

Sawing

Planing, shaping

Drilling

Chemical machining

Electrical-discharge machining

Milling

Broaching

Reaming

Electron-beam machining

Laser machining

Electrochemical machining

Turning, boring

Barrel finishing |

Electrochemical grinding :#:

Roller burnishing [

Grinding

Honing I

Electropolishing

Polishing,

Lapping
Superfinishing

FIGURE B.27 Range of surface roughnesses obtained in various machining processes.
Note the wide range within each group. (See also Fig. 9.27).

Ref.
S. Kalpakjian, "Manufacturing Processes for Engineering Materials",

3rd/4th ed. Addison Wesley



Machinability (4 2}A])

» Surface finish & integrity
= Tool life
= Machinability rating: cutting speed per 60min, e.g. 100 = 100ft/min (0.5m/s)
= Force and power requirements
= Chip control
= Free-machining steel (| 2}7})
= Steel with : lead, bismuth, sulfur, calcium
= Easy to machine : aluminum, brass, magnesium
= Difficult to machine : wrought-copper, titanium, tungsten



Cutting-tool materials

= Carbon steels os 100 300 ) 500 700
= High Speed Steels (HSS, 1 =7} —

= (M and T series) 0
= Cast cobalt alloys o5k

= Carbides (X3 +)
= WC (tungsten carbide)

<
T
= TiC (titanium carbide) 2 751
= Inserts £
m -
= Easy to replace tools T 70
65 |-
60 |-
55 | | 1 | L L
0 200 400 600 800 1000 1200 1400

Temperature (°F)

FIGURE 8.31 Hardness
of various cutting-rool
materials as a function of
temperature (hot hardness).
The wide range in each
Ref. §mup ;:f mar_crialsfrcSullts

.. " . . . T rom the variety of too
S. Kalpakjian, "Manufacturing Processes for Engineering Materials", compotitions wnd toeatments

3rd/4th ed. Addison Wesley available for that group.

HRC



Coated tool (¥ &3 )

= TiN, TiC, TiCN
= ALO,(&FH|1 )
= Diamond

* Jon implantation
= Multiphase

l:—>‘ ! Coated

> Uncoated

FIGURE 8.36 Wear
patterns on high-speed-steel
uncoated and titanium-
nitride-coated tools. Note
that flank wear is lower for
the coated tool.

Ref.

S. Kalpakjian, "Manufacturing Processes for Engineering Materials",

3rd/4th ed. Addison Wesley

Flank wear.

Machining time (min)

FIGURE 8.35 Relative
time required to machine
with various cutting-tool
materials, with indication of
the year the rool materials
were introduced. Source:
Sandvik Coromant.

100

26
15

1.5

0.7

FIGURE 8.37 Multiphase |

coatings on a tungsten-
carbide substrate. Three
alternating layers of
aluminum oxide are

separated by very thin layers .

of titanium nitride. Inserts

with as many as 13 layers of §

coatings have been made.
Coating thicknesses are
typically in the range of
2—-10 pm (80-400 pin.}.
Source: Courtesy of
Kennameral, Inc., and
Manufacturing Engineering,
Society of Manufacturing
Engineers.

Carbon steel

High-speed steel

Cast-cobalt-base alloys

Cemented carbides

________________ Improved carbide grades

First coated grades
First double-coated
grades
First triple-coated
grades
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1900°10°20°30°40°50 °60 *70 *80 90




Cutting Processes

TABLE 8.7

General Characteristics of Machining Processes

Process

Characteristics

Commercial tolerances
(£mm)

Turning

Boring

Drilling

Milling

Planing

Shaping

Broaching

Sawing

Turning and facing operations are performed on all types of
materials; requires skilled labor; low production rate,

but medium to high rates can be achieved with turret lathes and
automatic machines, requiring less skilled labor.

Internal surfaces or profiles, with characteristics

similar to those produced by turning; stiffness of boring bar is
important to avoid chatter.

Round holes of various sizes and depths; requires

boring and reaming for improved accuracy; high
production rate, labor skill required depends on hole
location and accuracy specified.

Variety of shapes involving contours, flat surfaces,

and slots; wide variety of tooling; versatile; low to

medium production rate; requires skilled labor.

Flat surfaces and straight contour profiles on large

surfaces; suitable for low-quantity production; labor

skill required depends on part shape.

Flat surfaces and straight contour profiles on relatively
small workpieces; suitable for low-quantity production;
labor skill required depends on part shape.

External and internal flat surfaces, slots, and contours

with good surface finish; costly tooling; high

production rate; labor skill required depends on part shape.
Straight and contour cuts on flats or structural shapes;

not suitable for hard materials unless the saw has carbide
teeth or is coated with diamond; low production rate;
requires only low labor skill.

Fine: 0.05-0.13
Rough: 0.13
Skiving: 0.025-0.05
0.025

0.075

0.13-0.25

0.08-0.13

0.05-0.13

0.025-0.15

0.8

Ref.

S. Kalpakjian, "Manufacturing Processes for Engineering Materials",
3rd/4th ed. Addison Wesley



Lathe-round shape

. Depth

r'd

(b) Taper turning

(e) Facing

FIGURE 8.40 Various
cutting operations that can

‘ be performed on a lathe.

(c) Profiling

(f) Face grooving

(g) Cutting with a form tool  (h) Boring and internal grooving

f

(j) Cutting off

(k) Threading

(i) Drilling

Workpiece

(1) Knurling

Ref.
S. Kalpakjian, "Manufacturing Processes for Engineering Materials",
3rd/4th ed. Addison Wesley



Lathe components

Spindle speed  gi e _Tool post ~ — Carriage
selector —— Y (with chuck) - f f Ways
Headslgtl)ck [ [ Compound/ / 4 — Dead center
daS85€IT f
Yy —/ / rest / [ Tailstock quill

— Tailstock assembly
Hand wheel

/
/—CI.‘OSS/ ,f’

FIGURE 8.44 The
components of a lathe.
Sowurce: Courtesy of

MAKINO GmbH. ;
i :
J
/ / f
Feed { [ Chip [ Apron- o\
selector — f an — . \ Lead screw
Clucch Split nut— | - Clurch )
\ o Feed rod
Ref. \  Longitudinal and
S. Kalpakjian, "Manufacturing Processes for Engineering Materials", “— transverse feed control

3rd/4th ed. Addison Wesley



Drill

) | Drill
y diameter
Tang Point anglé”
Tang drive Body diameter Clearance

_ clearance diameter
Lip relief Chisel edge

angle \ angle ™

 Flutes Helix anglg\ ‘ A= Cgisel N
edge
Shank {4
diameter
Shank length Flute length———— Ma.rgiy
a Body . Lip
= ————— Owerall length - >
(a) Chisel-point drill (b) Crankshaft-point drill

FIGURE 8.48 (a) Standard chisel-point drill, with various features indicared.
(b) Crankshaft-point drill.

Ref.
S. Kalpakjian, "Manufacturing Processes for Engineering Materials",
3rd/4th ed. Addison Wesley



Drilling operations

Countersinking
Center drilling

Gun drilling

:

Reaming

High-pressure
coolant

Core drilling
) Step drilling
Counterboring

=10’
fi=
=
-

FIGURE 8.49 \Various
types of drills and drilling
operations.

Ref.

S. Kalpakjian, "Manufacturing Processes for Engineering Materials",
3rd/4th ed. Addison Wesley



Milling

= Depth of Cut (DOC)

= Width of Cut (WOC) O
DAYy
= Slab milling (42 %) ‘DOC ,,,,,,,,
= Conventional  Milling  (up l g/J YDOC
milling, 32 2}) i
= Recommended, clean surface woc

before machine
= Climb Milling (down milling, 3}
)
= Efficient cut (larger chip)
= Less chatter
= Production work

E Work table 5 ; Work table
A B
Figure 11,32
Methods of feeding work cn milling machine. 4, Conventional or up milling.
B, Climb or down milling.



Material removal by milling

= Cutting speed (m/min)
= V =7aDN
(D : diameter of cutter(m), N : rotational speed of the cutter(rpm))

= Material Removal Rate (MRR)
« MRR =WOC *DOC * f ‘ Cutting Tool
= f=feed rate (mm/min)=n*N * t - Cross section

= Example
= V=50m/min, t=0.1 mm/tooth, number of tooth (n)= 2,
= D=4 mm, DOC=0.2, WOC = 3, Cutter RPM (N) = 50000/(1rx4) = 3979
» f=2*3979* 0.1 =796 mm/min, MRR =3*0.2 * 796 = 4776 mm3/min




Burr Formation

TYPEL TYPE

TYPE 111

Burr Type Uniform with a drill cap

Crown

Burr Hetght(mm) ~().15 013~1.0 (1 1=1.50d/ 2y
Height/ Thickness (.8~1.6 |.5~3.2 3.8~53
Table | Burr classifications.
i
['.[

P LA _
%am i Vah N

Figure 2 Two types of drlling burr of stainless steel
(a) Uniform burr with drill cap (b)) Crown burr

http://Ima.berkeley.edu/tools

i s O 0

[mitial fracture
() Dinll -:-.u‘.n"”fr

iy

. Burr
by Initial fracture

Figure 3 Proposed burr formation mechanism [ 3]
(a) Uniform burr with drill cap (b) Crown burr

0.07

0.06 4 Conditions for

. general drilling
0.05 4 S
0.04 4 | Conditions for
0.03 minimized burr
0.02 - DA = 5x107 (F T
0.01 4 Type -[. /r Type 1l \—\_].E;m__‘
0.00 , , , , : :

000 001 002 003 004 005 008 007
Fn

Figure 4 Drilling burr control chart.



FEM Simulation

= Demo: EMSIM
= http://mtamri.me.uiuc.edu/testbeds/emsim/html/index2.shtml

(g) Steady-state (h) Initiation (i) Pivoting (j) Final (k) Burr



Cost Estimation

The cost to produce each component in a batch is given by

T T
Cperpart = WIT, + WT,, + WTR[—;I} + }"[?H} (7.16)

In this equation, the symbols include

L]

W = the machine operator’s wage plus the overhead cost of the machine.
WT,; = “nonproductive” costs, which vary depending on loading and fixturing.

-

L]

WT,, = actual costs of cutting metal.

WTy = the tool replacement cost shared by all the components machined.

This cost is divided among all the components because each one uses up Ty,
T

minutes of total tool life, 7, and 1s allocated of ?M of WTh.

Ty
* Using the same logic, all components use their share 7 of the tool cost, y.

Ref.
S. Kalpakjian, "Manufacturing Processes for Engineering Materials",
3rd/4th ed. Addison Wesley



Turning conditions

TABLE 8.8

Approximate Ranges of Recommended Cutting Speeds for
Turning Operations

CUTTING SPEED
WORKPIECE MATERIAL m/min ft/min
Aluminum alloys 200-1000 650-3300
Cast iron, gray 60-900 200-3000
Copper alloys 50-700 160-2300
High-temperature alloys 20-400 65-1300
Steels 50-500 160-1600
Stainless steels 50-300 160-1000
Thermoplastics and thermosets 90-240 300-800
Titanium alloys 10-100 30-330
Tungsten alloys 60-150 200-500

Note: (a) The speeds given in this table are for carbides and ceramic cutting tools. Speeds for high-
speed-steel tools are lower than indicated. The higher ranges are for coated carbides and cermets.
Speeds for diamond tools are significantly higher than any of the values indicated in the table.

(b) Depths of cut, d, are generally in the range of 0.5-12 mm (0.02-0.5 in.).

(c) Feeds, f, arc generally in the range of 0.15-1 mm/rev (0.006-0.040 in./rev).

Ref.
S. Kalpakjian, "Manufacturing Processes for Engineering Materials",
3rd/4th ed. Addison Wesley



Drilling conditions

TABLE 8.10
General Recommendations for Speeds and Feeds irj. Drilling . L

SURFACE FEED, mm/rev (in./rev)

SPEED DRILL DIAMETER RPM

WORKPIECE 1.5 mm 12.5 mm 1.5 mm 12.5 mm
MATERIAL m/min ft/min (0.060 1n.) (0.5 1n.) (0.060 1n.) (0.5 in.)
Aluminum alloys 30-120 100-400 0.025 (0.001) 0.30 (0.012) 6400-25,000 800-3000
Magnesium alloys 45-120 150-400 0.025 (0.001) 0.30(0.012) 9600-25,000 1100-3000
Copper alloys 15-60 50-200 0.025 (0.001) 0.25 (0.010) 3200-12,000 400-1500
Steels 20-30 60-100 0.025 (0.001) 0.30 (0.012) 4300-6400 500-800
Stainless steels 10-20 40-60 0.025 (0.001) 0.18 (0.007) 2100-4300 250-500
Titanium alloys 6-20 20-60 0.010 (0.0004) 0.15 (0.006) 1300-4300 150-500
Cast irons 20-60 60-200 0.025 (0.001) 0.30 (0.012) 4300-12,000 500-1500
Thermoplastics 30-60 100-200 0.025 (0.001) 0.13 (0.005) 6400-12,000 800-1500
Thermosets 20-60 60-200 0.025(0.001) 0.10 (0.004) 4300-12,000 500-1500

Note: As hole depth increases, speeds and feeds should be reduced. Selection of speeds and feeds also depends on the specific surface finish required.

Ref.
S. Kalpakjian, "Manufacturing Processes for Engineering Materials",
3rd/4th ed. Addison Wesley



Milling conditions

TABLE 8.11

Approximate Range of Recommended Cutting Speeds for
Milling Operations

CUTTING SPEED

WORKPIECE MATERIAL m/min ft/min
Aluminum alloys 300-3000 1000-10,000
Cast iron, gray 90-1300 300-4200
Copper alloys 90-1000 300-3300
High-temperature alloys 30-550 100-1800
Steels 60-450 200-1500
Stainless steels 90-500 300-1600
Thermoplastics and thermosets 90-1400 300-4500
Titanium alloys 40-150 130-500

Note: (a) These speeds are for carbides, ceramic, cermets, and diamond cutting tools. Speeds for high-
speed-steel tools are lower than those indicated in this table.
(b) Depths of cut, d, are generally in the range of 1-8 mm (0.04-0.3 in.).
(c) Feeds per tooth, £, are generally in the range of 0.08—-0.46 mm/rev (0.003-0.018 in./rev).
Ref.

S. Kalpakjian, "Manufacturing Processes for Engineering Materials",
3rd/4th ed. Addison Wesley



Broaching(X2.Z3) & Sawing(52%])

FIGURE 8.62
Terminology for a pull-type
internal broach used for
enlarging long holes.

Rear
pilot
Shank s Cutting 2
length teeth Semifinishing | &
Front teeth &
pilot Roughening e
teeth 5
()
: Follower
i Pull Root diameter
end diameter

| Overall length -

FIGURE 8.63

(a) Terminology for saw
teeth. (b) Types of saw teeth,
staggered to provide
clearance for the saw blade

fBacl( edge

| bpacqxi‘

| /

Tooth” /

face Tooth
back
(flank)

s to prevent binding during
sawing.
4

Tooth back .\ Gullet depth
clearance ’4 hp
angle Tooth rake |

angle (positive)

Wave tooth F

(a) (b)
Ref.

S. Kalpakjian, "Manufacturing Processes for Engineering Materials",
3rd/4th ed. Addison Wesley



Micro Machining System

Micro endmills

g
Spindle

/ 1.4 r
.'-I' Il

4 28KYU X4

Tip of 127um e

‘mi|| wm

Unit : Micro Meter

= Positional resolution : 1 un
= Tool diameter : 50 #m~1000 #m
= High speed : 46,000 RPM
» Tool material : HSS & TiN coating

= Work piece : Metal, Polymer, etc

Precision stage



Prototyping Size & Time

Typical
Feature Size 4

1m

\

Injection
Molding

o

O MEMS )

0 1 10 100 1000 (Days)

100mm

10mm

1mm

100um

10um

1um

Typical
Prototyping
Time



DFM - Micro Milling

= 10mm endmill
= 10um stage error
= 0.1% for slot cutting

A tip is not exact edge in micro scale

= 100pm endmill
. 1O|“|m Stage error ® average A TiAIN coating
= 10% for slot cutting

Tool Cost (W)

4NN NNN

e m
[ ] e ﬁ
[ ] [ J Amm-’
. N ®
= Cost structure of micro .
.- . . . 10,000 - Y
machining is different from o, b bamele
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= Tool cost dominates
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Spindle run-out

Run-out effect on the final geometry is critical in micro machining

Total run-out = TIR (Total Indicator Reading) + Error Terms
(vibration, thermal deformation, etc)
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< Concept of run-out > Tool length (mm)

< Result of Total Indicator Reading (TIR) >
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< Total Indicator Reading (TIR) Measurement >



Micro walls

21 Rib width: 60um
Height: 500 4m
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| DOC: 25um
. Feed rate: 1004m/s
Time: 3hr 28min
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Geometric error: ~ 5 4m (including error of microscope)



Micro machined mold
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From Concept to Part

r-ak 00, 158530 tom kTt
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Specification CAD design
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Rotor with
micro channel

Micro injection

molded rotor

Total time: 5 days




More Meso/Micro Parts

Micre rotor

Micro pyramid




Micro Tools
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Flute Length

+0.2mm

Owverall Length —0.0mm
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Head Length Diameter

+0.2mm — 0000
+0.010mm

Shape of Micro drill

Langer q Shorter

t Difference
Froper length
+ Entry board

« PINB

= Backup

Board
| Axial rigiaity | [ Axial rigidity |

1
Strongl

= End mill
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Omrm +0.5mm .
Overall Length L —0.0mm <
L 38.10mm =£0.1mm
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Diameter
+0.00mm

~0.03mm



CNC Lathe

= CNC lathe can achieve multi-functional machining using attached milling turret, sub-spindle,
etc.

Cutting tool Turret

B
Spindle L -

2

Workpiece

Chuck Turret

Cutting Milling tool \‘ﬁ[

Cutting + Milling ]:.':'—9—'




Dynamometer (3-7-% 2 A))

Measured Signal
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The whole system configuratio_n
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Calculations

Fx = Fx1+2 + Fx344

Fy = Fyi+a + Fy243

F2 = Fz12 + Fz344

M = b e (Fz112 — Fz314)
M:; =

Outpui
210
Ch1 Fasz
Che Fuiag
Ch2 Fyra
Cha Fss
hs Fz

be(-Fup2+Faa)+ae (Fy‘|+d - Fy2+3




