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CONSTRAINTS

INPUTS

Manufacturing process—continuous vs interrupted

Condition & capabilities of available machine tools (rigidity)

¢

Geometry, finish, accuracy, & surface-integrity requirements

Workholding devices (rigidity)

Required processing time—production schedule

OUTPUTS

Work material—hardness,
composition, & metallurgical state
Type of cut—

roughing vs finishing

Y

Part geometry & size—rigidity

Lot size—small batch vs mass production

Machinability data—tool life/specific HP

CUTTING-
TOOL
SELECTION
DECISION

Selected tools—specific tool material,
grade, shape, and tool geometry

Speed (rpm)

Y

Feed

Y

Depth of cut

Y

Cutting fluids

Quality/capability needed

Past experience of decision maker
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1

Availability

(available materials, their composition, properties
and applications, available sizes, shapes, and
geometry, availability, delivery schedule, cost and
performance data)

\eljko Samardzic




Cutting Tool Company.)

ME-215 Engineering Materials and Processes

Diamond—natural/synthetic
Sintered cubic boron nitride—CBN
CVD-titanium carbide

Sintered silicon carbide
CVD-titanium nitride carbon nitride
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to abrasion and erosion. RN

P/M tool stoels microstructure
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Toughness

Toughness (as idered for tooling mators
alg) is the relative resistance of a material to
breakage, chipping, or cracking undor impact
or stress. Tough may bo thought of os.
the opposite of brittieness. Toughness testing
is not the same as standacdized hardness
testing. It may be difficult to coreelato the ro-
sults of differont test methods. Common
toughness tests include Charpy impact tests
and bend frocture tests,

Wear Resistance

Alloy elements (Cr, V, W, No) form hard car
bide particles in tool steel microstructuros.
A & type infi WO 1o

sistance,

Hardness of carbides:

* Haedoned steo! * 6065 HRC
+ Chromium carbides * 6668 HRC
« Moly, tungsten carbides = 72/77 HRC
« Vanadium carbides *82/84 HRC

Microstructure of P/M tool steel versus con-
vontional 1001 steels shows the fine carbide
distribution, uniformly distributed.
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FIGURE 21-5

Carbon and Sintered
Low-/Medium- High-Speed  Cemented Coated Coated Polycrystalline
Alloy Steels Steels Carbides HSS Carbides Ceramics CBN Diamond

Toughness Deereasing
Hot hardness Increasing

Impact strength Decreasing

Wear resistance Increasing

Chipping - Di¢creasing
resistance

Cutting speed > Increasing

Depth of cut Light to Light to Light to Light to Light 10 Light 1o Light 1o Very light for
medivm heavy heavy heavy heavy heavy heavy single-crystal
diamond
Finish obtainable  Rough Rough Good Good Good Very good Very good Excellent
Mecthod of Wrought Wroughtcast,  Cold pressing PVD" after CvD® Cold pressing High-pressure~ High-pressure~
manufacture HIP sintering and sintering, PM forming and sintering or  high-temperature  high-temperature
HIP sintering sintering sintering
Fabrication Machining and  Machining and  Grinding Machining and Grinding before  Grinding Grinding and Grinding and
grinding grinding grinding,coating  coating polishing polishing
Thermal shock | 3 Increasing B
resistance
“Tool material > InCreasing e
cost
“Overlapping characteristics exist in many cases. Exceptions to the rule are very common. In many classes of tool materials, a wide range of compaositions and propertics are obtainable.
* Physical vapor depasition,
{Chemical vapor deposition.
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TABLE 21-1

Process Method Advantages Limitations
Black oxide HSS cutting tools are oxidized in a No change in Prevents built-up edge formations Strictly for HSS tools.
steam atmosphere at 1000°F ( in machining of steel.

Steel surface is coated with nitride High production rates with bulk Can only be applied to steel,
case layer by use of cyanide salt at Casc depth: handling. High surface hardness Process has embrittling cffect
hardening 9007 10 1600°F, or ammonia, gas. 0.0001 Diffuses into the steel surfaces. because of greater hardness

or N; ions. 10 0100 in. Simulates strain hardening, Post-heat treatment needed
for some alloys

Electrolytic The part is the cathode in a T0-72R: Low friction coclficient. antigalling, Moderate production: picees
clectroplating chromic acid solution; anode is 0.0002 to Corrosion resistance. High must be fixtured. Part must

lead. Hard chrome plating is the 0.100 in. hardness. be very clean. Coating does
MOST COMMON Provess for wear not daffuse into surface, which
FENIMANE. <an affect impact properties.

Vapor Depasition of coating material by ToS4 R Large quantitics per batch, Short High temperatures can
depasition chemical reactions in the gascous 0.0002 to reaction times reduce substrate affeet substrate metallurgy,
chemical phase. Reactive gases replace a 00004 in. stressexs Execlient adhesion, requining post-heat
vapor protective atmosphere in i vacuum recommended for forming L0ols treatment, which an cause
deposition <chamber, At temperatures of Multiple coatings can be applicd dimensional distortion
(CVD) 18007 to 1200°F, a thin diffusion (ANCTIC AL O)). Ling-of-sight {execpt when coating

zong is created between the base not 3 problem. sintered carbides). Necessary

metal and the coating. to reduce cffects of hydrogen
chloride on material
properties such as impact
streagth, Usually not
diffused. Tolerances of
+0.001 required
for HSS tools.

Physseal Plasma 1s gencrated in o vacuum ToS4R.: A useful expenmental procedure Not a high-production
vapor <hamber by ion bombardment to To 0.0002 in. for developing wear surfaces. Can method, Requires care in
despasition disloclge particles from a target thick <oat substrates with metals alloys, ¢leaning. Usually not
(PVD made of the coating material, compounds, and refractories. diffused,
sputtering) Metal is evaporated and is Applicable for all tooling.

condensed or attracted to
substrate surfaces
PVD A plasma is generated in vacuum ToS4 R Can coat reasonable quantitics per Parts require fixtuning
(clectron beam) by evaporation from a molten pool  To 0.0002 in. batch cycle. Coating materials are and oricntation in
that is heated by an electron. thick metals, compounds, atloys, and linc-of-sight process.
beam gun. relractorics. Substrate metallurgy Ultra-cleanliness
is preserved, Very good adhesion, required,
Fine particle deposition.
Applicable for all tooling.

PVIYJARC Titanium is evaporated in & ToSSR.. Process a1 W0'F preserves Parts must be fixtured for line-

vacuum and reacted with nitrogen To 0.0002 i, substrate metallurgy. Excclient ofsight process. Parts must
Gas Resulting titanium nitride thick <oating adhesion, Controllable be very clean, No
plasma is ionized and clectrically deposition of grain siz¢ and by-products formed in
attracted to the substrate surface, growth. Dimensions, surface reaction. Usually only
A high-cnergy process with finish, and sharp cdges are minor diffusion.
multiple plasma guns. preserved. Can coat all high-

speed steels without distortion,

*Rockwell hardness values above 65 are estimates
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Ball
Tungzten ~ Carburize mill
powoer blending

Y

ess for Cobalt Compacting

doi . Carb(;)n and other pill press
e Inser powaer powders (paraffin)

Y

Finished Coat Grind or Liguid:phase

insert TiC, TiN hone il
in vacuum furn

A
A
A

Tungsten is carburized in a high-temperature furnace, mixed with cobalt and blended in
large ball mills. After ball milling, the powder is screened and dried. Paraffin is added to
hold the mixture together for compacting. Carbide inserts are compacted using a pill
press. The compacted powder is sintered in a high-temperature vacuum furnace.The solid
cobalt dissolves some tungsten carbide, then melts and fills the space between adjacent
tungsten carbide grains. As the mixture is cooled, most of the dissolved tungsten carbide
precipitates onto the surface of existing grains. After cooling, inserts are finish ground and
honed or used in the pressed condition.
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Insert
holder size

e

Insert type and size

Insert screw

Adapter
size

!

AN 2 .| Groove width
FIGURE 21-7 Boring head \
. ) ) . Groove \ Groove depth

with carbide insert cutting tools. angle 4

These inserts have a chip groove "W:_:

that can cause the chips to curl tand_ P | ” }

. . width |

tightly and break into small, m

easily disposed lengths. Coating thickness

0.005 mm (0.0002 in.)
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Triple Coated Carbide Tools

FIGURE 21-8 Triple-coated
carbide tools provide
resistance to wear and
plastic deformation in
machining of steel,
abrasive wear in cast iron,
and built-up edge
formation.

Titanium carbide remains as the basic

material covering the substrate for strength
and wear resistance. The second layer is

aluminium oxide, which has proven

chemical stability at high temperatures and
resists abrasive wear. The third layer is a

thin coating of titanium nitride to give the
insert a lower coefficient of friction and to

reduce edge build up.

Titanium
«—— nitride coating
<—— Aluminum
oxide-2nd layer
<—— Titanium
carbide-1st layer

Relative
thickness
of coatings
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Titanium nitride
coating—low
coefficient of
friction

Aluminum oxide
2nd layer

Titanium carbide (TiCN)

[<— Carbide
substrate

as first layer—strength
and wear resistance

Al,O3

Aluminum oxide
2nd layer—chemical
stability at high
temperature—resists
abrasive wear
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/{1311 Properties of Cutting-Tool Materials Compared for Carbides,

Transverse
Hardness Rupture Compressive Modulus
Rockwell (bend) Strength Strength of Elasticity
AorC (X10° psi) (X10° psi) (e)(X10° psi)
Carbide C1-C4 90-95 R 5 250-320 750-860 89-93
Carbide C5-C8 91-93 R, 100-250 710-840 66-81
High-speed steel 86 R, 600 600-650 30
Ceramic (oxide) 92-94 R, 100-125 400-650 50-60
Cast cobalt 46-62 R 80-120 220-335 40

“Exact properties depend upon materials, grain size, bonder content, volume.
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0005 0.0

0.015

0020 0.025 ipe

| Feedrate and tough
< Woar resistance inceease |

Tool Material Group

General Applications

Versus Cermaet

PCD
(potycrystal
diamond)

CBN
{cubic
boron nitride)

Ceromics
{cold press)

Ceramics
{hot press)

Ceramics
(silicon nitride)

carbide

Carbides

High-speed machining of
Tuminum alloys, nonf
maotals, and nonmaotals,

Hard workpieces and
high-speed machining on cast
irons.,

High-speed wning and
groaving of steels and cast iron,

Turning and greoving of hard
workpioces; high-speed finish
machining of stoels and irons.

Rough and semirough
machining of cast irons in
terning and milling applications
at high speeds and under
unfavorable conditions,

General-putpose machining of
steels, stainless steels, cast
iron, etc,

Tough material for lower-$spoed
applications on various
materials.

Cormets can machine same materials, but at
lower speeds and significantly less cost per
corner,

Cermets cannot machine the harder workpieces
that CBN can. Cermats cannot maching cast
iron at the speeds CBN can, The cost per cormer
of cermets is significantly less.

Cermets are more vorsatile and loss expensive
than cold press ceramics but cannot tun ot the
higher speeds.

Cermets cannot machine the harder workpieces
or run at the same speeds on steels and irons
but are more versatilo and loss oxpensive,

Cermets cannot machine cast iron at the high
spoeds of silicon nitride ceramics, but in
moderate-speed applications cermets may be
more cost effective.

Carmats can run at higher cutting spoeds and
provide better 1ol lifo at less cost for
semiroughing to finishing applications,

Cermets can run at higher speeds, provide
better surface finishes and longer tool life

for semicoughing to finishing applications.
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Raw material from
sintering and
compacting

Laser dicing
disk into
segments

Carbide inserts
with precision
pockets to

: : .
lamond inserts. They are g
restricted to simple geometries.

Standard tungsten
carbide insert

Segment

After the segment
is brazed to the
carbide insert, the
insert is ready for
use

Compax blank (0.020 in. Chamfer
10.51 mm)] thick Braze line

diamond layer with

carbide substrate)
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TABLE 21-3 o5 (€e)yi]orl ) chining Liner Bores in 1500 Engine Blocks?

4 & : .
Ceramic TNG-433  PCBN BTNG-433

Cost per insert $14.90 $208.00
Edges per insert 6 3
Cost per edge $2.48 $69.33
Time per index (6 tools) 0.25 hr 0.25 hr
Cost per index at $45 per hour $11.25 $11.25
Indexes per 1500 blocks 43 3
Indexing cost (indexes X $11.25) $483.75 $33.75
Insert cost for 6 spindles $638.34 $1248.00
Labor and tool cost $1122.09 $1281.00
Cost per bore $.125 $.142
Total number of tool changes 43 3

- X 0.25 hr X 0.25 hr
Downtime for 1500 blocks 1075 br 075 hr

*To see the economy of using PCBN cutting tools, it is important to consider all factors of the operation, especially
downtime for tool changing.
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TABLE 21-4 V.-t

l— -y

Applicable Tool Material

Carbide-Coated Ceramic, Cubic Diamond

Workpiece Material Carbide Cermet Boron Nitride Compacts
Cast irons, uninterrupted finishing cuts

carbon steels X X
Alloy steels,

alloy cast iron X X X
Aluminum, brass X X X
High-silicon aluminum X X
Nickel-based X X X
Titanium X
Plastic composites X X
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of tool from cutting
edge, (c) top view of
turning with single-
point tool, (d)
oblique view from
shank end of single-
point turning tool.

End cutting-edge angle /*~

(ECEA)

. Face
Nose radius Nose arigla Top
: . view
Side cutting-edge angle{\
(SCEA)

Back rake angle (BRA)
]

Side rake L
angle (RA) a(

Side view
Front
end view

Heel

Side relief angle -I
(SRA)

;s Side
End cutting-edge rake angle, +

angle (ECEA)

Cutting edge

Back rake angle
(BRA)

" ?L
L side relief angle (SRA)
\*/—Side cutting-edge angle

(SCEA)

Z Axis
\— Clearance or end relief angle

(b}
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T
Sl >

ECEA End cutting-edge angle

Location of side rake

Location of resultant
rake

Location of
inclination

SG

Inclination

Refe,e"ce oo/

7
2 ace )

Side cutting-edge angle
Location of back rake

Tool point

Work

Tnchination pland

=y

ane
Side rake

p/,,,e
Back rake

a /
Resultant
(d)

\eljko Samardzic



ME-215 Engineering Materials and Processes Veljko Samardzic



Electric coating furnace

D A : |
i T o e T e
Ho+ CHs =" $06°0050 ]

I E e
| e e O A )
LNy gy et @ @ |

Gas mixing chambe
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. Tool

A - O] —» A/
lA - |O| — Al
0] - |O| —> EI\
© —=— |0 — © T Graphite
A —~— [0 == A | shelves
e — )
© - |O| —/ 0
<> - |O| —/» <O
 ——von ool

Gas outlet
—_— L—-> —

To scrubber
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Plasma
=

Evaporator

"

Neutral gas —»

Substrate

1/
—-—— Reactive gas

AF—

—_—
Vacuum

|_pump

Vacuum
chamber

Coating material /
Evaporated material

FIGURE 21-13 Schematic of PVC arc evaporation process
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L

i

Power supply
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Comparison of PVD Process Characteristics

Ion implantation

Ion plating, ARE

Sputtering

CVD

200-400, best <250
for N

RT—0.7T,,
of coating. Best at
clevated temperatures.

RT—0.7T,, of
metal coatings.
Best >200 for
nonmetals.

300-2000,
usually 600-1200

Line-of-sight

Moderate to
good

Line-of-sight

Very good

(a few simple alloys/
a few simple
compounds)

Usually N (B, C)

lon plating: Al, other
metals (few alloys)
ARE:TiN and other
compounds

Metals, alloys, glasses,
oxides. TiN, and other
compounds

Metals, especially
refractory TiN and
other compounds:
pyrolytic BN

Processing Throwing Coating Applications and
Process Temperature, °C Power Coating Materials Special Features
Vacuum evaporation RT—700, usually <200 Line-of-sight Chiefly metal, Electronic, optical, decorative,
especially Al simple masking.

Wear resistance for tools,
dies, ete. Effect much deeper
than original implantation
depth. Precise area treatment,
excellent process control.

Electronic, optical, decorative.
Corrosion and wear resistance.
Dry lubricants. Thicker
engineering coatings.

Electronic, optical, wear
resistance. Architectural
(decorative). Generally thin
coatings. Excellent process
control.

Thin, wear-resistant films
on metal and carbide dies,
tools, etc. Free-standing
bodies or refractory
metals and pyrolytic
Cor BN,

RT= room temperature: ARE = activated reactive evaporation: 7, = absolute melting temperature. (a) Compounds: oxides, nitrides, carbides, silicides, and borides of Al
B, Cr, Hf. Mo, Nb. Ni, Re. Si.Ta, T, VW, Zr.

Source: Advanced Materials and Processes, December 2001,

FIGURE 21-14 Comparison of PVD methods for depositing thin flms on microelectronic devices

as well as cutting tools.
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Chipsin
edge of tool A
Depth-of-
",cut line Crater depth, K1

Nose radius
Crater

Wear on —{HHLPTT7 wear in
flank Vo Y rake face

A

Groove at DCL or
outer edge of cut

o
Cutting
edge

Cross section AA

Failure Cause
1-3 | Flank wear Due to the abrasive effect of hard grains contained in the work material
4.5 | Groove Due to wear at the DCL or outer edge of the cut
6 Chipping Physical | Fine chips caused by high-pressure cutting, chatter, vibration, etc.
Partial fracture Due to the mechanical impact when an excessive force is applied to
the cutting edge
8 Crater wear Carbide particles are removed due to degradation of tool performances

and chemical reactions at high temperature

9 Deformation Chemical | The cutting edge is deformed due to its softening at high temperature
10 | Thermal crack Thermal fatigue in the heating and cooling cycle with interrupted cutting
1 Built-up edge A portion of the workpiece material adheres to the insert cutting edge

FIGURE 21-15 Tools can fail in many ways. Tool wear during oblique cutting can occur on the flank or
the rake face; t = uncut chip thickness; kt = crater depth; wf = flank wear land length; DCL = depth-
of-cut line.
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wy values for general life

determination (for cemented carbides)

Width of Wear in.

Applications

0.008

0.016
0.028

0.040-0.050

Finish cutting of nonferrous
alloys, fine & light cut, etc.

Cutting of special steels

Normal cutting of cast irons,

steels, etc.

Rough cutting of common

castirons

Flank tool wear (inches)

ME-215 Engineering Materials and Processes

0.030

0.025

0.020

0.015

0.010

0.005

Wy

distribution
at wy= q.025 in. L
Flank wear :

distribution
— 0.013 pw, Ow %

1

|
ool wear,

at 35 min.,

!

30 35 40
Cutting time, T, minutes
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Flank wear (inch)

5 inch

=

1‘\Wear limit .02

until the limit is reac
Vi> Vo> Vo> V.
V, e 1\/2 that, the wear subst
) V3 increases.

T4<T3<T2<T1 V1

|
T, T
172 i =
 Primary or , Secondary wear zone s Tertiary or N
it AR - c9s1 B L
' Initial wear Steady state region Accelerated wear zone
zone

Cutting time, T, minutes ———
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Flank Wear Crater Wear
-~ Y4
7] c =
5 8= 8=
& % T Va ‘/7 V2 Vi % T
3| °% G0 ar
é’ g g Wrl /- 7 ________ g gKT
K : W | n_Inlos| |
— Cutting time (mm) — Cutting time (mm)
LOG LOG
= V = Vi
g O)-g Vg @\OE— V3
= £ L V. £ 2y
(&) £ o 2 E o A
) S O V1 S5 O V1
= 938 Loc| Y38 LOG
bo T T T T fo T T T, T
—Tool life (min) —Tool life (min)

FIGURE 21-18 Construction of the Taylor tool life curve using data from deterministic tool wear
plots like those of Figure 21-17. Curves like this can be developed for both flank and crater wear.
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Size of Cut (in.)

Source  Tool Material Geometry Workpicce Material Depth Feed  Cutting Fluid  » C

1 High-carbon steel  8.14,6.6,6.15, 3/64 Yellow brass (.60 Cu, 050 0255 Dry 031 242
40 Zn.85 NI, 006 Pb) 100 0127 Dry me 299

1 High-carbon steel  S.14,6.6.6,15, 3764 Bronze (.9 Cu..1.5n) 050 0258 Dry 086 190
100 0127 Dry A1 232

1 HSS-18-4-1 8.14.6,6.6.15, 264  Cast Iron 160 Bhn 050 0258 Dry g0 1R
Castiron, Nickel, 164 Bhn 080 0255 Dry A1l 186

Cast iron, NI-Cr, 207 Bhn 050 255 Dry 88 102

1 HSS-18-4-1 8.14,6.6,6.15,364  Stell, SAE B3 CD. 050 0127 Dry 080 260
Stell. SAE B1112C.D. 050 0127 Dry J0S 225

Stell, SAE B1120 C.D. 050 0127 Dry 00 270

Stell, SAE B1120 + Pb C.D. 050 0127 Dry 060 290

Stell. SAE B1035 C.D, 050 0127 Dry 410 130

Stell, SAE B1035 + Ph C.D. 050 0127 Dry 10 147

1 HSS-18-4-1 8.14,6,6,6,15364  Stel. SAE 145 C.D. 100 0127 Dry 4100 192
814,6.6,6.13,366  Stell, SAE 2340 185 Bhn 00 0125 Dry 147 143

8.14,6.6.6.15,3064  Stell, SAE 2345 198 Bhn 050 0255 Dry 05 126

8.14,6.6,6,15,3/64  Stell, SAE 3140 190 Bhn 00 0125 Dry Jd60 178

1 HSS-18-4-1 8.14,6.6,6.15,3/64  Stell, SAE 4350 363 Bhn 0125 0127 Dry 080 181
Stell. SAE 4350 363 Bhn 01258 0255 Dry 25 146

Stell, SAE 4350 363 Bhn 0250 0255 Dry 125 95

Stell. SAE 4350 363 Bhn 00 0127 Dry 410 7S

Stell, SAE 4350 363 Bhn 100 0255 Dry 110 46

1 HSS-18-4-1 8.14.6,6.6,15,3064  Stell. SAE 4140 230 Bhn 050 0127 Dry JA80 1%
Stell, SAE 4140 271 Bhn 050 0127 Dry 180 159

Stell, SAE 6140 240 Bhn 080 0127 Dry AS0 197

1 HSS-18-4-1 8.22,6.6,6.15, 364 Monel metal 215 Bhn 00 0127 Dry 080 170
150 0258 Dry o0 127

100 0127 Em 080 185

100 oma7 SMO 105 189

1 Stellite 2400 0.0.6.6,6.0,3/32 Steel, SAE 3240 anncaled 87 031 Dry 4% 215
125 031 Dry %0 240

062 031 Dry 90 270

031 031 Dry A% 310

1 Stellite No. 3 0.0,6,6,6.0,3/732 Cast iron 200 Bhn 062 031 Dry 50 208
1 Carbide (1 64) 612,55, 1045 Steel. SAE 1040 anncaled 062 025 Dry A56 800
Steel, SAE 1060 annealed 125 025 Dry 167 660

Stecl. SAE 1060 annealed 87 025 Dry 167 615

Steel, SAE 1060 anncaled 250 025 Dry 167 560

Steel. SAE 1060 annealed 062 02 Dry 167 850

Steel. SAE 1060 anncaled 062 042 Dry Jd63 510

Steel, SAE 1060 annealed 062 062 Dry A62 400

Stecl. SAE 2340 anncaled 062 025 Dry 162 630
2 Ceramic not available AISIA150 A60 016 Dry A0 2000
AlSL4150 160 016 Dry 2000 620

Sources: 1+ Fundamentaly of Tool Desipnr. ASTME.AR. Konceny, W. L Potthofl 2« Theory of Meta! Cutting, PN. Black
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300 .

. %&m steel

E [
Q o L
A7 — Low- . -
< < Ow-alloy medlum-carbon steel
3 s :
8 100 - i

P—_____, High-all .
2 A2y Medium carbon seey
£ \
3
© 50l ol -

Decreasing C with VIit=C
Y n=0.141t00.16
20 L1 l |

1 10
Tool life, T, minutes
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Coefficient of variation
or Mean failure

Cy= T 0.3t0 0.4 / time (min)

Log normal oT = standard deviation
distribution of

failures

Frequency of failure

Tave
Tool life or time to failure

FIGURE 21-20 Tool life viewed as a random variable has a log normal distribution with
a large coefficient of variation.
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drills. Life based on
the number of holes
drilled before drill
failure.

Cumulative % failure

L 1000 rpm

65.5 sfpm
90 0.006 ipr
70
50
30

",

O Bright finished twist drills-uncoated ®TiN coating by company D

ll @ CTD black-oxide drill oTiN coating by company B
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No. of holes drilled

Drill performance based on the number of holes drilled with 1/4-in.-diameter
drills in T-1 structural steel.
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s C = total cost
§ 7 per piece
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g g C1, Machining |
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8 = per E
. . iece
for a machining process versus e i
cutting speed. Note that the i
“C” in this figure and related |
equations is not the same A :
“C” used in the Taylor tool life Nonproductive cost |
(equation 21-3). per piece C4 Tool-changing
cost per piece C3
0
Vm Vincreasing —
Cutting speed (sfpm)
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TABLE 21-6

FPR I

Uncoated TiC-Coated

Al 30 3‘C03ted

eces per Cutting Edge

ALO;LFG

Cutting speed (surface ft/min) 400 640 1100 1320
Feed (in./rev) 0.020 0.022 0.024 0.028
Cutting edges available per insert 6 6 6 3
Cost of an insert ($/insert) 4.80 5.52 6.72 6.72
Tool life (pieces/cutting edge) 192 108 60 40
Tool-change time per picce (min) 0.075 0.075 0.075 0.075
Nonproductive cost per piece ($/pc) 0.50 0.50 0.50 0.50
Machining time per piece (min/pe) 4.8 2.7 1.50 1.00
Machining cost per piece ($/unit) 4.8 2.7 1.5 1.00
Tool-change cost per piece ($/pc) 0.08 0.08 0.08 0.08
Cutting-tool cost per piece ($/pc) 0.02 0.02 0.03 0.06
Total cost per piece ($/pc) 5.40 3.30 2.11 1.64
Production rate (pieces/hr) 11 18 29 38
Improvement in productivity

based on piecesthr (%) 0 64 164 245

Source: Data from T, E. Hale ¢t al,,"High Productivity Approaches to Metal Removal.” Materials Technology. Spring 1980, p. 25,
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/— VT"=C, V=100

Vi"=C, V=70

+ > Lo
60 9
Tool life, T, minutes
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TABLE 21-7 nts

Category Contaminants Effects
=olids Metallic fines, chips scratch product's surface
rease and sludge Flug coolant lines
Diebris and trash Produce wear on tools and machines
Tramp fluids Hydraulic cils {coolant ) Decrease cooling efficiency
Water (ails) Cause smoking
Clog paper filters
Crrow bacteria fester
Biologicals Bacteria Acidity coolant
( coolants) Fungi Break down emulsions
Mlcld Cause rancidity, dermatitis

Fequire toxic biocides
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DIRTY FLUIDS
oils or coolants
contaminated
from usage

HYDROCYCLONE (coolant)
or FILTER (oil)
removes solids to
15-30 microns

AUTOMATIC DISCHARGE
HIGH-SPEED CENTRIFUGE
removes solids to 1 micron and
tramp fluids to 1/4 of 1%

o

pa

/

o
MESH FILTER PASTEURIZER CLEAN FLUIDS
removes all reduces biologicals available for
coarse solids to levels of immediate
fresh coolants reuse
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