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Figure 10.41 CAM (a) tool definition icons and (b) pop up menus.
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Figure 10.42 CAD part drawing reduced to required CAM profile curves. Figure 10.44 CRT display entering CAM for machining option and inch/metric output. a—
mill programming icon; b—Ilathe programming icon; c—punch programming icon; d—flame
cut programming icon; e—inch program output icon; f—metric program output icon.
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Figure 10.45 Part curve display in CIMCAM.
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Figure 10.46 CRT display of part, turret, and tool data indicating common datum point.
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Figure 10.47 CRT display of part, turret, and tool data after completion of computer setup
statement. The setup statement is completed by using the indicated pop-up menu.

COMPUTER-AIDED PART PROGRAMMING 403

to machine all spans or any percentage of a given span. This kind of freedom
allows for any type of machining pass to be created.

Now that the CAD data are generated, the programmer can enter the CAM
system to start the creation of machining paths. The machining system is en-
tered by typing in the command CIMCAM. The computer systém responses
by asking for part data and tool library input files and a name for the output
file. The CRT will then display the screen in Figure 10.44 so the type of ma-
chining to be performed (milling, lathe work, punching, or flame cutting), and
inch or metric output for the machine tool can be selected. The majority of
CAD/CAM systems today will allow options as to inch or metric output, and
at least milling and lathe work selections. The selections on this system are
completed by selecting icons with the mouse or typing the command.

Once CIMCAM is entered, the programmer can then display the machining
curves or the machine’s tool curves or both as in Figures 10.45 and 10.46.
Using the top six icons the programmer can show and close-up on just one
curve or show all curves at once. Figure 10.47 indicates the programmer’s next
task of properly orienting the part and machine tool turrets of tools. Figure
10.47 shows this operation completed. The programmer could then use the
system to dimension Figure 10.48 and give it to the machine operator as setup

instructions.
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Figure 10.48 CRT display of part, turret, and tool setup dimensions.
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The task to perform now is to create the machining paths that you would
like the computer to create for you in the machine tools language. In order to
do this, the program must enter the machining sequence mode by activating
the geometry index icon to switch to the sequence or operation mode index
icon display, Figure 10.49. With the sequence mode icons active, the pro-
grammer selects a new operation and enters a operation number, automatically
going into the machining mode.

With tool path generation icons active, the programmer then goes step by
step through the process allowing the computer system to generate the needed
tool path. Figures 10.50-10.61 and computer program (Fig. 10.62) show the
computer commands and program statements generated and the graphics com-
mands used to do so.
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Figure 10.51 Screen display after the setup statement (Fig. 10.47) in pop-up menu has been
completed. Turret display icon has been activated.
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Figure 10.52 Interactive CRT display of facing operation and computer icons. (See Figure
10.62 for computer statements generated, GOTO commands—sequence 10, lines 11 and

13.).
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Figure 10.53 Interactive CRT display of computer-generated roughing passes. (See Figure
10.62 for computer statements generated by GO CLEAR command—sequence 10, line 23.).
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Figure 10.54 Interactive CRT display of computer-generated semifinish profile pass. (See Figure 10.62 for computer

statements generated by profile command—sequence 10, lines 26, 27, and 28.).
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Figure 10.55 Interactive CRT display of computer-generated drilling cycle. (See Figure 10.62
for computer statements generated by the drilling command—sequence 20, line 11.).
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Figure 10.56 Interactive CRT display of computer-generated grooving operation. (See Figure
10.62 for computer statements generated by the GOTO command—sequence 30, lines 12,
17, and 22.).
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Figure 10.59 Close-up interactive display of computer-generated finish profile cut on bore.
e J (See Figure 10.62 for computer statement generated by the PROFILE command—sequence
L J 50, line 21.).
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Figure 10.57 Interactive display of computer-generated finish profile pass on part. (See Fig-
ure 10.62 for computer statements generated by the PROFILE command—sequence 40, lines
15, 16, and 17.).
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Figure 10.58 Close-up interactive display of computer-generated rough boring of tapered

hole. (See Figure 10.62 for computer statements generated by the GOCLEAR command—
sequence 50, lines 11 and 12.).

Figure 10.60 Interactive CRT display of computer-generated threading operation. (See Fig-
ure 10.62 for computer statement generated by THREADING command—sequence 60, line
12.).
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5= 5 % g b= g % g &g A “‘cg = The machining path commands when finished are placed in one master file
Q*g 2 e E = = =g g E :: by filing out of the sequence mode of operation (see Figure 10.63). The pro-
2] - .
8= __g g v g s S g Pg S grammer now has a file of computer commands that will generate a CNC ma-
g o0 S s g & g 2o 8‘%0 cog chine program. The machine program is created by running the computer pro-
‘; = £ O *g oo 8.5 g-' = gram through a postprocessor program in the computer. The postprocessor
k) %m.)) 5 & & & E ..E: = '::% 3 program is a translator that converts the computer program to a CNC program
2 = Jol- e &= = © g 5 for the particular machine you will be using. There is normally a postprocessor
Q?, B o S f@ hs °; file for each different machine you have. This process is very simply completed
- @Y E by activating first the program to convert and then the postprocessor required,
% = EEE through typed in commands. The output of our example program for the screw
x IO = ) . s . < _—
5 ?51 = 5.8 jack can be seen in Figure 10.64. It is also indicated on the CNC program what
= 0o
S8 g OF8
gL E
2
)
(a2
— &
\ o I
L0 W0 i SR -
™ ™ ™ CT R IS
=~ Q"= W S |
@) Jonooadogy =%
= O oo OIn =L o
O 00000 A o0 b
oS0 2
— NDOIFTODONOD_I O B |
© rCrortrmrmoog o2

Figure 10.63 FILE icon command used to exit the tool path generation mode creating a mas-
ter computer machining file.
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Oct 1 17:35 1990 tc1 Page 1
###SHEAB 1
###DATE 09/20/90 TIME 19:29 HRS

### PARTNO/Jack Screw 87231-2
CNC Machine Commands

|
2

N0010G70
N0020G90

NO030G00T00
N0040T0700
NO050T0101

NO060G95 }
N0070G92X4.575.203
N0080G9751000M03
NO090G00X1.112Z.03
NO100M08
NO110G01X-.03F.01
N0120G00X.07Z.13
NO130X1.05Z.1
N0140G01Z-3.625
NO150X1.15
NO160G00X1.05Z.1
NO170X1.

NO180X.925
N0190G01Z2-2.8354
N0200X.95887-2.8824
N0210X.98382-2.9157
N0220X1.Z-2.9394
N0230G00Z.1
N0240X.85
N0250G012-2.7137
N0260G03X.9257-2.835411.244K.6827
N0270G00Z.1011
N0280X.775
N0290G01Z2-2.5543
NO300G03X.85Z-2.713711.319K.5233
N0310G00Z.1022
NO320X.7
N0330G012-2.2962
NO340G03X.775Z-2.554311.394K.2652
N0350G00Z.1033
N0360X.6319
N0370G01Z-1.53

#G'0L—25°0L sainbi4 win] 9 8oe4—ybnoy o | # 8ousnbeg

Date and time of run—File name
Postprocessor name

Date and time of computer
source file Figure 10.62

Part identification

Computer statement

Generating CNC Command

Rewind Stop Code

Setup SEQ. 10—Lines 1-7

Line 8
Line 9—80° right-hand turning tool

Lines 1-7
Line 7
Lines 10 & 11
Line 12
Line 13 Rough face part

Lines 14 & 15
Lines 16 & 17

Lines 18-25—
Rough turn part

Figure 10.64 Postprocessor output of CNC data for jack screw example to run on a Sheldon

lathe.
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N0380G02X.675Z-1.6561.1629K.126
N0390G012-2.031
NO400G03X.7Z-2.296211.419KO0.
N0410G00Z.1044

N0420X.5639

N0430G01Z2-1.4732
N0440G02X.6319Z-1.531.0949K.1829
N0450G00Z.1054
N0460X.41762.061
N0470G01X.40732.02
N0480G02X.4431Z.00511.0003K.051
N0490G01X.5051Z-.0569
NO500G02X.52Z-.0931.0361K.0361
N0510G01Z-.906
N0520G02X.5161Z-.92551.051KO0.
NO530G01X.5051Z-1.2449
N0540G02X.52Z-1.2811.0361K.0361
NO0550G012-1.4876
N0560G02X.645Z-1.6561.051K.1684
N0570G01Z-2.031
NO580G03X.93482-2.900411.449K0.
N0590G01X.95987-2.9337
N0600G02X1.02Z-3.11431.2408K.1806
N0610G01Z-3.406
N0620G02X1.00512-3.44211.051KO0.
N0630G012-3.4949
N0640G02X1.02Z-3.5311.0361K.0361
N0650G012-3.6107

N0660X1.12
N0670G00X1.22Z-3.5107
NO680M09

NO0690X4.525.203T0000

—NO0700T0505

NO710G95
N0720G92X-4.522.06
N0730G97S500M03
N0740G00X0.Z.1M08
NO0750G01Z-.4905F.01
NO760G00Z.1
NO0770Z-.461
N0780G012-1.022
NO790G00Z.1
NO80OMO09

| 8inbBi4 uoneladQ ||UQ Og# @ouanbag

S0
z
[@]
2
o
N
nNo

4y N0820X;4.522.06TOOOO

Figure 10.64 (Continued)

Lines 25-28—
Semifinish part profile

Line 29—Face clear of part
Lines 30 & 31—Clear part
Line 32—Turn coolant off

Lines 33 & 34—
Send turret to tool change

SEQ. 20—Line 1—
Index rear turret to .500 drill

Lines 2—7—Setup information

Lines 8—10—position drill to part

Line 11—Drill part—0.500 in. dia. hole

Line 12—Turn coolant off
Lines 13 & 14—Clear tool from part
Lines 15 & 16—Send turret to tool change



—NO0830T0303

N0840G95
N0850G92X3.30424.929

% N088OMO8

NO890G94
N0900G01X.375F200.
NO0910GO04F2.
N0920X.525
N0930G00X.55Z-1.125
N0940G01X.375
NO950G04F2.
NO960X.525
N0970G00Z-.975

© N0980G01X.375Z-1.125
&  NO990GO4F2.
N1000X.525
N1010G00X.625Z-1.025

| @inBl4 uonesadQ Buirool

N1020M09
N1030X3.30424.929T0000

—N1040T0202

N1050G94
N1060G92X4.525.203
* N1070G97S1000M03
©  N1080G00X.55Z0.
N1090M08 }

w
o
Ee]
C
@
=
(@]
@

usiui4

N1100G95

= N1110G01X.22F.01
N1120G00X.32Z.1
N1130G01X.4289Z-.0091

O N1140X.4909Z-.0711
N1150G02X.5Z-.0931.0219K.0219
N1160G01Z-.906
N1170G02X.4909Z-.92791.031KO0.
N1180G012-1.2591
N1190G02X.57-1.2811.0219K.0219
N1200G01Z-1.5031

a N1210G02X.625Z-1.6561.031K.1529
~ N1220G01Z-2.031
N1230G03X.91882-2.912411.469K0.
N1240G01X.94382-2.9457
N1250G02X1.Z-3.11431.2248K.1686

Figure 10.64 (Continued)

| @inbi4 uonelad

~

SEQ. 30—
Line 7—Index front turret to parting too]

Lines 1-8—Setup information

Lines 9 & 10—Position groove
Line 11—Turn coolant op

Line 12—Cut groove

Line 13—Dwell at bottom of groove
Line 14—Clear part

Lines 15-24—Cut remaining groove area

Lines 25 & 26—Clear part
Line 28—Turn coolant off
Lines 27 & 29—Send turret

to tool change

SEQ. 40—Line 8—Index front turret
to 35° finish turning tool

Lines 1-7—Setup information
Lines 9 & 10—Position for finish face
Lines 11 & 12—Finish face part

Lines 13 & 14—Move clear of part

Lines 15-17—
Finish profile part

650l Pue 850 sainbi4 aiog ysiul4 pue ybnoy OG# @ousnbeg
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N1260G012-3.406

N1270G02X.9909Z7-3.42791.031KO0.

N1280G01X1.Z-3.531
N1290Z-3.631

N1300X1 1

N1310M09 }
N1320G00X1.27-3 531

N1330X4.525.203T0000

—N1340T0606

N1360G92X-4.71222.8
N1370G97S1000M03
N1380G00X-.24Z.1
N1390M08
N1400X-.26
N1410G01Z-.74F.01
N1420X-.25
N1430G02X-.24Z-.7510.K.01
N1440G01Z-.848
N1450G00Z.1
N1460X-.28
N1470G01Z-.74
N1480X-.26
N1490G00Z.0995
N1500X-.3
N1510G01Z-.74
N1520X-.28
N1530G00Z.099
N1540X-.32
N1550G01Z-.5487
N1560X-.3041Z-.74
N1570X-.3
N1580G00Z.0985
N1590X-.34
N1600G01Z-.3087
N1610X-.32Z-.5487
N1620G00Z.098
N1630X-.36
N1640G01Z-.0687
N1650X-.34Z-.3087
N1660G00Z.0975
N1670X-.3747
N1680G012-.0339
N1690X-.362Z-.0557

N1350G95 }

Figure 10.64 (Continued)

Line 18—Face off of part
Lines 19-21—
Move clear of part/coolant off

Lines 22 & 23—
Send turret to tool change

SEQ. 50—Line 7—
Index rear turret to boring bar

Lines 1-6—Setup information

Lines 8—9—Position to drilled hole

Line 10—Coolant on

Lines 11 & 12—
Rough Bore Figure 10.58
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uoneledQ Buipealy] 09# @ousnbeg

09'0} @inbi4

N1700X-.3607Z-.0599
N1710X-.36Z-.0687
N1720G00Z.097
N1730X-.3893
N1740G01Z-.0084
N1750X-.3747Z-.0339
N1760G00Z.0966
N1770X-.25Z-.751
N1780G01Z-.75
N1790X-.3133
N1800Z-.7498
N1810X-.2633Z-.6998
N1820G00X-.31952.057
N1830X-.4095Z.0559
N1840G01X-.405820.
N1850X-.3707Z-.0607
N1860X-.3133Z-.7498
N1870X-.2633Z-.6998
N1880G00X-.2157Z.2425
N1890M09
N1900X-4.712Z2.8T0000

—N1910T0404

/N1930G92X4.575.203
/N1940G97S300M03
/N1950G00X4.5Z.1M08
/N1960X.6
/N1970X.49077.0369
/N1980G33Z-1.07K0.0417
/N1990G00X.6

/N2000Z.1
/N2010X.4813Z.0315
/N2020G33Z-1.07K0.0417
/N2030G00X.6

/N2040Z.1
/N2050X.4727.0261
/N2060G33Z-1.07K0.0417
/N2070G00X.6

/N2080Z.1
/N2090X.4685Z.0241
/N2100G33Z-1.07K0.0417
/N2110G00X.6

/N2120Z.1
/N2130X.4652.0221
/N2140G33Z-1.07K0.0417
/N2150G00X.6

/N2160Z.1

Figure 10.64 (Continued)

/N1920G95 }

Lines 14—-18—
Finish face counterbore

Lines 19-22—Finish bore Figure 10.59

Lines 23 & 24—Retract from bore
Line 25—Coolant off

Lines 26 & 27—

Return turret to tool change position

SEQ. 60—Line 8—Index front turret
to threading tool

Lines 1-9—Setup information

One thread pass

Lines 10-13—
Threading operation
with operation skip option

COMPUTER-AIDED PART PROGRAMMING 433

/N2170X.4652.0221

/N2180G33Z-1.07K0.0417

/N2190G00X.6

/N2200Z.1

N2210M09 Line 14—Coolant off

N2220G00X.7Z.2 Lines 15 & 16—Move clear of part

N2230X4.525.203T0000 Lines 17 & 18—

Return turret to tool change position

¢ —/N2240T0303 SEQ. 70-Line 6—Index front turret
2 to parting tool
8 /N2250G95
8  /N2260G92X3.30474.929 } Lines 1-9—Setup information
#* /N2270G97S300M03
©  /N2280G00X1.1Z-3.5 Lines 10 & 11—Position tool to part
9 /N2290M08 Line 12—Turn coolant on
S, /N2300G94
o /N2310G01X0.F200. Line 13—Cut part off
®  /N2320G00X1.2 Lines 14 & 15—Retract clear of part
5;1_ /N2330M09 Lines 16—19—Turn coolant off return
S /N2340X3.304Z4.929T0000 } turret to tool change position
é"! N2350M02 End of program
c %
@
o Figure 10.64 (Concluded)
o

computer statements generated what machine statements. By using a few more
commands to the CAD/CAM system, we could transfer the information to the
machine tool by electronic means or punch a tape and take it to the machine
control.

You have now seen the basic powers of a CAD/CAM system, but they are
far beyond what you have seen. Systems can have the cpability of creating
complex three-dimensional programs for three- to five-axes CNC machining.
Three-dimensional programming is common in both the toolmaking (forming
die and mold) and aircraft manufacturing industries. In these industries the
three-dimensional shapes must be cut from solid blocks of material.

Figure 10.65 shows an example of a five-axes machining problem where a
tapered boss intersects a bullet nose shaped surface. The programmers objective
is to machine the side of the boss and the intersection of the boss and bullet
nose at the same time. To do this the cutter axis must be tilted while moving
the machine in the X, ¥, and Z axes. Many machine tool statements are required
to perform this operation but only a few computer statements need to be cre-
ated. Now you can see the power and importance of a CAD/CAM system’s
geometry and tool path creation capability to industry. We are now able to
make things never thought possible a few years ago.
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Ball nose end mill for cutting side of
boss and boss/bullet nose surface
intersection

Tapered boss geometry shown in
wire frame

Bullet nose surface shown in
wire frame

Partical display
of CNC cutter
path indicating
tilt of cutter
axis required

(Courtesy of Computervision Corp., Woburn, MA, ©1982. All rights reserved.)
Figure 10.65 Example of five-axes tool path display on three-dimensional operation.
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QUESTIONS

10

11

12

List the advantages of computer aided part programming when compared
with manual part programming.

List and briefly describe the main stages in the CAPP process.
Make a block diagram to illustrate a basic ‘stand-alone’ CAPP system.

Explain what is meant by ‘time-sharing’ and list the advantages and dis-
advantages of using such a facility.

Describe three methods that may be used for menu selection from a digi-
tizing tablet.

Describe three methods of cursor control that may be used to identify graphic
features on a CRT screen.

Describe three general methods for geometrically defining a point, a straight
line and a circle or curve.

List the various data that would be included as tool change data statements
during the preparation of a part program.

Explain what is meant by “cutter location data.”

Explain the function of “postprocessing” and state how a range of machines
having a variety of control systems would be accommodated.

Describe two ways in which computer graphics are used as an aid to part
programming.

Describe briefly the meaning of CAD/CAM.



11

ADVANCED TECHNIQUES

The power of a computer’s calculation ability continues to grow at a constant
rate. With the computer’s growth comes added programming techniques for
CNC equipment. This chapter will give an overview of some of the additional
programming abilities that exist today. One needs to follow the computer in-
dustry news in order to keep abreast of new developments and stay current in
the field of programming.

PARAMETRIC PROGRAMMING

A parameter is a quantity that is constant in one particular case but variable in
others. A simple engineering example of a parameter is the length of a bolt.
One version of the bolt will have a certain length; all other versions will be
identical, that is, they will have the same thread form, diameter, and hexagon
head, but they will all vary in length. Thus the length of the bolt is a parameter,
constant in one particular case but variable in others.

Parametric programming involves defining parameters and then using those
parameters as the basis for one part program that may be used to machine not
only the original component but a number of variations as well.

Figure 11.1(a) shows a component the dimensional features of which have
been defined as parameters using the symbol # and a number: #1, #2, #3,
and so on.

Figures 11.1(b)—11.1(g) show six variations of the component, the variations
being indicated. A range of components such as this is referred to as a family
of parts.

The machine movements necessary to machine each of the variations are all
included in the original component. Some components require exactly the same
movements, but with varying lengths of travel. Other components do not re-
quire all of the movements to be made. Using the more usual programming
techniques, the production of each component would require a separate part
program. Using the parametric part programming technique, instead of defining
each dimensional movement individually in the X and Z axes, the parametric
reference is programmed. Thus, to turn along the stepped diameter, the entry
in the main program, referred to as the “macro,” would read as follows:

NO7 GOl X #4 Z #2

436

(b)

(d)

ADVANCED TECHNIQUES

50.00 (2) (#1)

30.00 (1.2) (#2)

1.09 (0.04Q) (#5)

(a)

30.009 (1.29) (#3)

22.000 (0.99) (#4)

#2 increased

(e

#5 not required

#2 not required
#4 not required

|..—-.

_ — 4 — — —

— — — - — — =

#1 decreased
#2 decreased

#2 decreased

(g)

#2 decreased

Figure 11.1 A “family of parts.” (Inch units are given in parentheses.)

437
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This entry would suffice for all components requiring a stepped diameter.,
Equally, one entry using parametric identification would suffice for facing all
the components to length or drilling the hole.

Having programmed all movements and the sequence in which they are to
occur, it remains to dimensionally define them. The dimensional details are
entered as a list at the start of the part program. Thus the parameters and their
dimensional values for the original components would read as follows (in met-
ric units):

#1 = —50.00
#2 = —30.00
#3 = 30.00
#4 = 22.00
#5 = 10.00

As each parameter is called in the program, the dimensional entry made pre-
viously will be invoked.

To machine any of the variations in the family of parts requires a simple
amendment of the original parametric values. The parameters (in metric units)
to machine the component shown in Figure 11.1(b) would be:

#1 = —50.00

#2 = —40.00 (amended)
#3 = 30.00

#4 = 22.00

#5 = 10.00

and to machine the component in Figure 11.1(f):

#1 = —40.00 (amended)

#1 —20.00 (amended)
#3 = 30.00
#4 = 22.00
#5 = 10.00

Now consider the components where the programmed movements necessary
for machining the basic component are not required. By using a relatively sim-
ple programming technique, the control unit can be caused to skip the redun-
dant blocks. The necessary program entry involves the use of certain condi-
tional expressions in which assigned abbreviations are used, such as the following:

EQ = equal to

NE = not equal to

GT = greater than

LT = less than

GE = greater than or equal to
LE = less than or equal to
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Consider Figure 11.1(d) and assume the #1 and #3 have been machined. In
the program the next call will be to machine the stepped diameter. To avoid
this, blocks must be skipped so an entry in the program will read as follows:

N15 IF [#4 EQ 0] GO TO N18

This statement says that if #4 is zero, move on to block number 18. Since #4
is nonexistent in the component, the parametric value will be entered as zero
and, consequently, the control unit will move ahead.

The preceding description of the use of the parametric programming tech-
nique is a very simple one. It is in fact a very powerful concept and its full
application is quite complex. For instance, parameters may be mathematically
related, that is, they may be added together, subtracted from one another, and
SO on.

In addition, the parametric principle may be extended to include speeds and
feeds, when all the likely variations for roughing, finishing, etc. may be given
a parametric identity and called into the program as and when required.

Parametric-type programming although not uncommon is not standardized
in its methods between machines or programming systems, so vendor manuals
should be consulted.

DIGITIZING

Digitizing is the name given to a technique used to obtain numerical data direct
from a drawing or model. To obtain numerical data from a drawing, which
may or may not be dimensioned, it is placed on a special tablet, or table, and
a probe is traced over the drawing outline. This movement is received by a
computer and is transformed into digital or dimensional values. Only two-di-
mensional data can be obtained from a drawing. For three-dimensioinal data a
model of the component is required, and a probe, which is electronic in op-
eration, is traced over the surface of the model, this movement being recorded
by the computer as before.

Numerical data obtained by digitzing can be used as the basis of a numerical
control program. The numerical data entered into a computer, on the other
hand, can be used to create the geometric data for a three-dimensional data
base. This data base can then be used to create three-dimensional contouring
cutter paths, using CAM/surfacing programming. The technique is only suit-
able for certain types of machining, such as profile milling, but the concept is
likely to be developed to cater to a wider range of machine-shop activity.

FLEXIBLE MANUFACTURING SYSTEM

A flexible manufacturing system (FMS) is a computer-controlled machining
arrangement which will cater to a variety of continuous metal-cutting opera-
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tions on a range of components without manual intervention. The objective of |

such a system is to produce components at the lowest possible cost, and in |

particular components that are required only in small quantities. Thus a prime |

requirement of such a system is flexibility, that is, the capacity to switch from

one type of component to another, or from one type of machining to another, 1

without interruption in the production process. l programs data transport preparation transport ]
Production costs per unit item decrease as the number of components re-

quired increases. Large production runs justify extensive capital expenditure [_ I _J

on special-purpose machinery that does a particular job very efficiently and

quickly. Machines of this type, however, are rarely adaptable to other types l [ V

of work: they lack flexibility. When flexibility does exist—one skilled worker

and one machine, for instance, where single components can be handled in ‘ _ =t — = — - — — = —_-—_ = — = — 4

computer

F il 1 I
Machine Tooling Tooling Work Work
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DATA CONTROL Master l
|

random order—the production rate is slow and therefore costly. Modern flex- Load
ible manufacturing systems aim to bridge the gap between these two extremes. ‘

Flexible manufacturing systems have been made possible by the fact that
modern machine control units can store in the computer memory a number of
part programs which can be activated via a master computer program in random
order, a system referred to as direct numerical control (DNC). The same master
computer is also able to control the supply of workpieces to the machine. The

Toolroom Jat
station

l
l
| L | e el
|

| CNC machine tools of varying types

third important factor, tooling, will be controlled by the part program itself, | PRODUCTION
but if a wide range of machining is to be carried out the tooling magazine will ‘ Bt
be required to accommodate a large number of tools; for milling operations at Figure 11.2 Computerized control of a manufacturing system.

least 60 and perhaps more than 100 may be necessary. To solve the problems
of tool search time and maintenance of large tool conveyors some machine tool
builders have made the conveyors themselves changeable.

A flexible manufacturing system will include at least two machines. When

just two or three machines are involved, the arrangement is sometimes referred _
to as a “machining cell.” A fully integrated system will include more machines A | e Paching
than this and they will vary in type. Figure 11.2 illustrates the principle. In- 'l'—‘_‘:j
stallations of this nature are, of course, very costly, but are becoming com- 'T—I? i
monly used, at present. However, the modular approach to building such a ‘H’ ‘H‘
system, that is, starting with two machines and then adding additional machines ]
as and when investment funds are available, would suggest that the concept is L j'_]
set to become a dominant feature of machine-shop engineering.
The automatic supply of work to each machine is an essential feature of any Robot _ (
system, large or small. The use of pallets is the most favored method, partic- i‘/; J
ularly for machining centers as opposed to turning centers, although they are _h_.- i
also used for turning work. When pallets are used for turning work, the final sy
loading of the machine usually involves a robot. Figure 11.3 shows how one r_-l; 4
robot may be positioned to service two machines. Ilr"l
The way pallets are used for milling operations will vary according to the ——%273—— [ Waching 3
type of work being handled and the space available. Figure 11.4 illustrates the

use of a rack or storage retrival system. Such a system as this is relatively
simple and capable of modification and extension as and when required. More Figure 11.3 Robot loading of turning centers.
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Figure 11.4 Flexible manufacturing system using racked palletized work supply.

complex systems involve the use of pallet conveyors and automatic guided
vehicles (AGV) moving about the factory along predetermined routes, guided
by inductive control wirés buried in the workshop floor or computerized pro-
grammed controls. Each machine will have its own load/unload station and
there will be a master load /unload station to which each pallet or AGV returns
at the end of a journey. Figure 11.5 illustrates the principle.

Pallets may be fed to the machines in a predetermined order which means
their positioning in the work queue is critical, otherwise a workpiece may be
subjected to the wrong machining cycle! More commonly today, though, they
are fed to the machine in random order and identified, usually by a photo-
electric device responding to a bar code number attached to the pallet, when
they arrive at the machine. On being identified the correct machining program
for that workpiece will be called.

The preparation of work pallets is generally a manual operation. Their po-
sitioning and clamping in the machine are totally automated and, as a result,
monitoring of their installation is necessary before machining commences. Limit
switches or proximity sensors are a common feature of such control, and one
method involving a combination of pneumatic and electrical principles is il-
lustrated in Figure 11.6. Photoelectric cells, mechanical limit switches, and
tactical sensors are also commonly used to check pallet and part locations.

Mention was made earlier of the high cost of flexible manufacturing systems
which has, to date, limited their introduction. An intermediate approach to total
automation is the use of automatic pallet-loaders dedicated to one machine.
The pallet pool may involve two or more pallets and be designed in parallel
rail, rectangular, oval or round form and when fully loaded will provide for
an extended unsupervised production run lasting several hours, perhaps over-
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Figure 11.7 Processing center providing unmanned production runs.

night or throughout a weekend. Figure 11.7 illustrates such an arrangement,
referred to as a “processing center” by the manufacturers; its flexibility is in-
dicated by the range of components shown in position on the pallets. Figure
11.8 shows a robot-loaded turning center where work chutes provide a similar
capability. Due to the costly nature of automation/machining cells computer
software has been developed to draw up a complete animated system for test-
ing. This software is called simulation software and allows for completely ana-
lyzing the system for bottlenecks and problems before the system is engineered
and built.

ADAPTIVE CONTROL

Adaptive control is the term used to describe the facility that enables a machine
control unit to recognize certain variations from the original conditions which
may occur during a machining process and to make a compensating response.
Unless such a response is made, the effect of the variations may be to damage
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Figure 11.8 Robot loading facility providing unmanned production runs on a turning center.

the machine, tooling, workpiece, or cause the part to go out of prescribed
tolerance. Adaptive control is basically a data “feedback system” rather like
the closed-loop facility described in Chapter 1, which monitored slide posi-
tioning.

A number of unacceptable things can occur during a metal-cutting operation.
For example, a tool may lose its cutting edge. On manually operated machines
this would immediately be obvious to the operator, who would react accord-
ingly. It is this type of response that adaptive control endeavours to emulate.

Now supposing the tool becomes dull on an automatic machining process.
What is the likely effect? At least three things are likely to occur. First, the
power necessary to turn the machine spindle is likely to increase, that is, there
would be a torque variation. Second, there is likely to be a build-up in tem-
perature between the cutting tool and the workpiece, as the tool tends to rub
rather than cut. Finally, the tool itself is likely to deflect. By monitoring, that
is, measuring, these variations and taking corrective action damage can be averted,
and good parts consistently produced.

Torque monitoring of spindle and servo motors is one method of adaptive
control that is used. The power consumption is monitored electronically and
the application of the technology involves programming the control unit with
data that will define the maximum and minimum torque values permitted for
any particular operation. Assume that during a metal-cutting sequence the max-
imum torque value at the cutting tool is reached, indicating perhaps that the
tool is dull or the component material is harder than anticipated. The control
unit will respond to the feedback signal by lowering the feedrate and/or varying
the spindle speed.

Consider another situation where, after modifications to feed and spindle
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speed, the torque continues to increase to a point where the spindle is over-
loaded. In this case the control unit would inhibit the sequence and indicate a
“warning” signal on the CRT screen. The problem can then be investigated
and the conditions rectified.

The torque monitoring feature can also be used to detect the minimum torque
that is programmed to occur after a certain length of slide travel. If the pro-
grammed torque does not occur, there may be two possible reasons. One is
that the cutting tool is broken and has not made contact, a broken drill for
example; the other is that the workpiece itself is not in position. Total inhibition
of the machining process may be the necessary response, or alternatively a
duplicate tool, referred to as a “sister” tool, already in the magazine or turret
could be called.

Torque monitoring taken to its extreme means that spindle speeds and feeds
can be omitted from part programs. Provided the control unit is programmed
with the values of the maximum permitted speeds and feedrates, it is possible
for the adaptive control to adjust them to suit the prevailing cutting conditions.
For instance, when the torque is high, the feed would reduce, but when it is
low, as for example when no cutting is taking place, the feed would be rapid.

Another approach to adaptive control is one which concerns itself with mon-
itoring the presence of workpieces by the use of surface-sensing probes. Such
a probe is illustrated in Figure 11.9 and is used in milling operations. The probe
is mounted in the tool magazine alongside the cutting tools and can be called
into operation via the part program, in the same way as a cutting tool, and be
mounted in the machine spindle. The probe is electronic in operation and the
stylus is interchangeable to accommodate different applications. It can be pro-

Figure 11.9 Precision surface sensing probe.
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grammmed to detect the presence, by touching on, of a surface in three axes
and, if the surface is not present, it will inhibit the machining cycle.

Probes can also be programmed to check stock size and automatically cause
the work datums to be offset to locate the finished part within the bounds of
the stock material, thus ensuring that the final work surface is completely ma-
chined. If insufficient stock is present, the machining is not performed. This
facility is particularly useful when machining castings or forgings.

Another application of a probe is to speed up a cycle by preventing non-
metal-cutting passes of the cutting tool. For example, when machining casting
or forgings, the part program will need to cater for all possibilities and may
well include passing cuts that will be necessary only when there is excessive
stock to be removed. If the probe detects that no metal is present, the feedrate
will automatically be maximized or a program block may be skipped.

An interesting method of detecting the presence of cutting tools is a device
that combines pneumatic or light, and electronic principles. It is designed pri-
marily for use on machining centers to monitor small-diameter drills, taps, and
reamers, which are very prone to break. The device is in the form of a simple
caliper, which is positioned at a convenient point on the machine bed. The
location of the caliper is predetermined and after use the cutting tool is moved
via the part program so that it positions within the caliper. When in position,
a jet of air is blown or light beam is shown from one side of the caliper and
if the cutting tool is missing this jet of air or light beam will blow on to a
pressure-sensitive /light-sensitive electrical device housed in the opposite arm
of the caliper. This will generate a signal to the machine control unit that will
result in either the machining process being halted or the tool being replaced
in the program by a sister tool already housed in the magazine. If the tool is
present, then there will be no air flow between the two arms of the caliper and
the tool will automatically be replaced in the tool magazine to await a further
call. Figure 11.10 illustrates the technique.

Another method of detecting broken or dull tooling involves the use of sound
sensors. A cutting tool that is cutting properly will emit a certain sound. If the
tool loses its edge or breaks, the sound it makes as it attempts to cut metal
will be different from the original. The sound sensors detect the variation and
will cause the program to be stopped or, alternatively, will call in a sister tool
to replace the original.

Adaptive control is an area of computerized numerically controlled machin-
ing that is the subject of much research and experiment, and it is an area in
which there are liekly to be further very interesting developments.

IN-PROCESS MEASUREMENT

In-process measurement is the term used to describe the automatic measure-
ment or gauging of a component while it is in position on the machine, and
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Figure 11.10 Broken tool detection unit.

while the correction of errors is still possible. It is not a new concept. The
need for automatic measurement went hand in hand with the development of
automatic machining processes, and fully automated machines performing a
variety of operations were around long before the advent of computerized nu-
merical control.

In-process measurement presents many difficulties. A machining area, with
its accumulation of chips and coolant, is not an ideal place to carry out pre-
cision measurement involving delicate instruments or monitoring devices.
Nevertheless, a number of very successful devices have been developed over
the years, their method of operation being based on mechanical, pneumatic,
optical, laser, and electronic principles.

Many of the earlier devices, though not all, were “open loop,” that is, there
was no feedback of data to the machine controls and so there was no automatic
adjustment of the machine setting to compensate for unacceptable size varia-
tions. Correction was possible only by manual intervention, but at least this
was usually possible without halting the machining process.
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On modern CNC machines the accuracy with which slide movements are
generally made and monitored can, in the case of some classes of work, elim-
inate the need for further control, since the slide movements, and therefore the
relative tool movements, are made to an accuracy which may well be within
the dimensional tolerances of the component. In other cases this degree of con-
trol is insufficient and, as was stated in Chapter 2, transducers which monitor
slide movement or leadscrew rotation may not give an accurate indication of
the tool and work relationship. For instance, a tool may wear, thus affecting
the dimensional size of the component, but this will have no connection with
slide movement and no compensation will be made. Similarly, the workpiece
may not be precisely located, or may be impossible to locate precisely, so again
some monitoring and correction of movement may be necessary to ensure that
surfaces are relatively positioned. These are the sorts of situations that in-pro-
cess measuring can monitor.

The modern in-process measuring device is electronic in operation. It con-
sists of a probe, laser or vision, and is capable of monitoring positional vari-
ations in three axes. The way in which it is applied will depend on the machine
type, but it can be applied to the measurement of internal and external diam-
eters, lengths, depths of slots, hole centers, and so on. Programmed air blasts
are used to clean the work prior to measurement.

One method of using touch sensors requires reference to be made to an es-
tablished datum, which may be a surface which is part of the machine structure,
for example a tailstock barrel, or a surface on the component. The program
will bring the sensor into contact with the reference face and record its position
as zero. It will then be moved to the surface being checked and the resulting
move will be compared by the machine control unit with a pre-programmed
value. If there is a variation, a compensation in the relative tool offset will be
made.

Features such as a bored hole diameter can be measured by touching it on
each side of the hole, and the resulting movement, plus the stylus diameter of
the probe, will indicate the hole size. The necessary calculation will be made
by the control unit and again a comparison will be made with a pre-pro-
grammed value and tool offsets initiated as required. The technique is illus-
trated in Figure 11.11.

Measurement of this nature is not completely divorced from the machine
slide movement, and its accuracy can never be better than the resolution, that
is, the smallest increment that can be determined by the control unit of the
machine.

COMPUTER INTEGRATED MANUFACTURING (CIM)

It has been shown that computers are all around us in the CNC manufacturing
area: Design “CAD,” engineering analysis, CNC programming “CAM,” sim-
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Figure 11.11 In-process measurement by electronic probe.

ulation of machining and manufacturing cells, and adaptive controls. We also
know that computers are used in the area of business and management for
accounting, order processing, forecasting, sales analysis, production schedule
planning, inventory management, materials requirements planning, machine
capacity requirements planning, production control and costing, purchasing,
production monitoring, payroll, financial analysis, general ledger, and accounts
payable.

Computer-integrated manufacturing (CIM) is the concept of a totally auto-
mated factory in which all business, engineering, and manufacturing processes
are linked and controlled by a computer system. See Figure 11.12 for a graphic
representation. CIM enables managers, production planners and schedulers, shop
floor floremen, and accountants to all use the same database as production
designers and engineers. Owing to the short lead times and complexity of man-
ufacturing, all areas of a business must work together to make a profit.

The enterprise model of a computer system, which allows business, engi-
neering, and manufacturing to share information and work together, is shown
in Figure 11.13. The inner ring depicts the computer hardware, software, and
database. The middle ring indicates the decision making level of management
and computer support staff (report generation). The outer ring indicates the
users and suppliers of information that must work together. All areas of busi-
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Figure 11.12 The three areas of a corporation that must work together and share data in
order to make a profit

ness are indicated in the three rings, and information can flow between any of
the areas. As in any business venture there should be improvements or goals
to achieve. In implementing a CIM plan one would be looking for gains in the
following areas:

* A reduction in product lead time.

» Faster, more reliable availability of quality information.

° The ability of process monitoring and tracking.

* Improved product delivery information and quality.

» Improved supplier performance and the ability to track historical perfor-
mance and make predictions.

° Faster information flow and simultaneous engineering to reduce product
cost.

e Improved communication of business plans to employees creating im-
proved attitudes and quality consciousness.

The idea of CIM revolves around the center ring of shared information and
people working in teams, simultaneously. The old method of passing infor-
mation from department to department upon task completion is outdated and
slow. To be responsive manufacturers we must keep from duplicating efforts
and help each other for the common good of supplying products in a short
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Figure 11.13 The three rings of computer information. (Courtesy of IBM.)

period of time. Figure 11.14 shows in simple terms the interaction of infor-
mation within a business.

In Chapter 10 we discussed the use of a CAD/CAM system for part design
and CNC programming. The tasks involved in product design, tool design, and
manufacturing engineering are much more involved than that. A product must
be conceived first but then it must be analyzed for failure and determined how
best to make it. It is here that the product, tool, and manufacturing engineers
need to work together and share information to solve all the problems to get
a product manufactured. At the same time marketing and sales need to be in-
volved in order to see if the product will sell. As sales are projected, we then
need to make plans and order materials to build the product. When orders come
in, the product needs to be tracked through its processes so, as delays occur
and changes must be made, the right people in engineering, business, and man-
ufacturing are informed. As the end product leaves the manufacturing arena
and is distributed to customers, billing must occur. During this whole time
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Figure 11.14 A CIM view: the business, engineering, and manufacturing units.

accounting and payroll continue. Now you can see the advantage of maintain-
ing one shared computer database for all. Figure 11.15 shows the entire work-
flow of an enterprise, and it is easy to see how complex the information flow
would be using paper instead of computers.

Looking further into business planning (Figure 11.16), we see three levels
of management planning that the computer can help with. The top or first level
of management deals with the future business plans, sales forecasting, and set-
ting of future production levels. The second level is operations management,
which takes care of monthly master schedules for production, makes plans for
material needs, and checks capacity requirements (production equipment avail-
ability) to the master production schedule. The third level of management is
operations execution at the production floor. This final level schedules the pro-
duction floor day to day in order to supply the proper product at the right time.
This person is in charge of initial quality and wants to know about daily de-
liveries of vendor parts. A common computer database for all these manage-
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Figure 11.15 The Enterprise workflow. (Courtesy of IBM.)
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ment levels makes sure everyone has the same information for planning and
problem solving.

In Figure 11.17 are the modules of a computer software package developed
by IBM to take care of the previously mentioned business tasks in a company’s
development of CIM. The package diagrammed is called MAPICS (Manufac-
turing Accounting and Production Information Control System) and is made
up of 16 modules, which can be broken down into four major areas. The dia-
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Figure 11.17 The MAPICS applications (showing major interfaces only).

gram shows you how various types of information will cross applications in
the database use.

The first application is Plant Operations, which is made up of inventory man-
agement, production control and costing, production monitoring and control,
and purchasing. Inventory management improves plant productivity through
reduced and improved accuracy of parts inventory. Production Control and
Costing allows management to track production orders. The computer will
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highlight excessive material and labor costs for correction, pinpoint part lo-
cations, show production time remaining, and report daily quantities com-
pleted. This module will allow daily priority reports to be created so work can
be sequenced for meeting delivery requirements. Production Monitoring and
Control through timely and accurate shop reporting helps ensure work is pro-
gressing, and orders are met promptly. This application receives orders that
can be added to, modified, or split, and then print shop instruction packets.
The Purchasing section allows for maintaining valid quotes giving buyers more
time to negotiate, and analyzes vendor performance. The system also allows
for the tracking of purchase orders and validating of vendor invoices.

The second MAPICS area of application is Marketing and Physical Distri-
bution, which is made up of the Order Entry and Invoicing, Sales Analysis,
and Forecasting modules. The order entry point is the key starting point of a
manufacturing organization. Detailed reports can improve cash flow, help man-
age inventory costs, and analyze product performance. The order entry updates
both inventory and accounts receivable records. From sales records analysis
reports can be generated to forecast/predict future sales and needs. This soft-
ware will help ensure reasonable ship dates, coordinate inventory and produc-
tion requirements, and automatically price customer orders.

The third MAPICS application is Production Planning made up of Master
Production Schedule Planning, Material Requirements Planning, Capacity Re-
quirements Planning, and Product Data Management. Production planning sup-
plies information for optimizing resources and minimizing costs, so production
stays on schedule and meets forecasts. Master production schedule planning
allows production plans to be analyzed according to inventory levels, sales
projections, and resource projections so that a master production schedule can
be generated. Material requirements planning software creates a purchasing or
manufacturing order recommendation report to be able to meet the master pro-
duction schedule. Capacity requirements planning is used to calculate the future
demands on machinery and manpower, both long and short range, to help re-
duce bottlenecks. Product data management is used to maintain the information
database for engineering, manufacturing, and accounting. This file maintains
information on all part numbers, bill of materials, work stations, and routings.
With the product data information, cost simulations and analyses can be per-
formed.

The last MAPICS application is Financial Management and Business Control
made up of General Ledger, Financial Analysis, Accounts Payable, Payroll,
and Accounts Receivable. It is here that up to date financial information is
maintained for management decision making. This financial database gives tighter
controls while making sure everyone gets the same fast, accurate information.
General ledger allows you to get clear reports on the company’s operating per-
formance. Financial analysis will report on significant trends so additional pro-
duction planning can occur. Accounts payable gives accurate, timely infor-
mation on invoice due dates, vendors, and amounts. Accounts payable software
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is a flexible way to manage cash outflow and analyze vendor performance. The
payroll unit performs all payroll tasks as well as attendance reporting and pay-
roll cost monitoring. Accounts receivable helps minimize collection periods,
monitor cash flow in, and maintain records of good and bad customers.

It is easily seen that it would be a major advantage to have one computer
system and database to control all the business functions. Everyone has the
same up to date information to do their own planning and report generation.
This IBM product runs on a midrange business computer. It should be noted
that other companies also supply similar forms of software. The size of the
computer running the software will have an effect on its capabilities. Software
for some or all of these abilities are available on computer systems from per-
sonal size to main frames.

Remember, it is when we combine business control systems, engineering
computer systems (CAD/CAM and computer-aided engineering analysis) and
automated plant floor systems that we actually have true CIM. Many companies
start out with pieces of CIM and will be building a system over a number of
years. It is the computer that puts speed and ease into integration but it will
take human integration also for the process to work.

QUESTIONS

1 What is a flexible manufacturing system?

2 What characteristic of computer technology makes the concept of FMS fea-
sible?

3 What do you understand by the term in-process measurement? Explain how
it might be applied to checking the size of a turned diameter.

4 What is torque monitoring? State two instances where its application may
be useful in an automated machining process.

How are sound sensors used to monitor cutting-tool condition?
What is a sister tool?

Describe the technique of digitizing.

(= -IEE - Y |

Describe parametric programming and explain the advantages of the tech-
nique.

9 Write a brief description of CIM.
10 What three major areas of a company make up the three rings of CIM?

11 What is it that takes place in a computerized business control system such
as MAPICS?
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ELECTRONICS INDUSTRIES ASSOCIATION
SPECIFICATION

EIA Standards RS-274-D, “Interchangeable Variable Block Data Format for
Positioning, Contouring, and Contouring/Positioning Numerically Controlled
Machines,” and RS-358-B, “Sublet of American National Standard Code for
Information Interchange for Numerical Machine Control Perforated Tape” are
two standards that contain useful information pertinent to the subject matter of
this book. Copies of these standards may be obtained from the Electronic In-
dustries Association, 200 Eye Street, N.W., Washington, DC 20006.

APPENDIX B

CUTTING SPEED AND FEED INFORMATION,
CARBIDE GRADES, AND POWER
REQUIREMENTS FORMULAS
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Information Sheet

(surface feet per min-

How to Calculate Revolutions per Minute when the Cutting Speed is Given

ute)

From the past experience and tests, the following values of cutting speeds (CS) for the materials and

p. These values are given to

operation shown in the tables will be used as maximum values in this sho

use for high-speed-steel tools:

_ 4 (CS) — D(RPM)

RPM

D

diameter of tool.

D:

Shaping &

Milling Reaming

Drilling

Turning

Material

APPENDIX B
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Lathe cutting speeds for carbide tools (surface feet per minute)

40 ft/min
50 ft/min
25 ft/min
25 ft/min
20 ft/min
70 ft/min
50 ft/min
35 ft/min
100 ft/min
200 ft/min

70 ft/min
90 ft/min
40 ft/min
40 ft/min
40 ft/min
125 ft/min
100 ft/min
60 ft/min
200 ft/min
400 ft/min

80 ft/min
90 ft/min
45 ft/min
45 ft/min
40 ft/min
120 ft/min
100 ft/min
70 ft/min
250 ft/min
400 ft/min

/min

/min
250 ft/min

/min
/min
/min
/min
/min
100-125 ft/min

Q0 f
50 f
50 f
45 f
150-200 f
75 f

100 f
400 ft/min

Mild Steel or Cold Rolled Stee_l

S.A E 1144

S. A E. 4130

1% Carbon Steel
High Speed Steel
Wrought Aluminum

Rolled Brass
Cast Brass

Cast Iron
Cast Aluminum

Depth Feed per Surface Feet
Material of Revolution per
Machined Cut (in.) (in.) Minute
Aluminum .005-.015 .002—.005 700-1000
.020-.090 .005-.015 450-700
.100-.200 .015-.030 300-450
.300-.700 .030-.090 100-200
Brass, bronze .005-.015 .002—-.005 700-800
.020-.090 .005-.015 600-700
.100-.200 .015-.030 500-600
.300-.700 .030-.090 200-400
Cast iron (medium) .005-.015 .002—-.005 350-450
.020-.090 .005-.015 250-350
.100-.200 .015-.030 200-250
.300-.700 .030-.090 75-150
Machine steel .005-.015 .002-.005 700-1000
.020-.090 .005-.015 550-700
.100-.200 .015-.030 400-550
.300-.700 .030-.090 150-300
Tool steel .005-.015 .002—.005 500-750
.020-.090 .005-.015 400-500
.100-.200 .015-.030 300-400
.300-.700 .030-.090 100-300
Stainless steel .005-.015 .002—.005 375-500
.020-.090 .005-.015 300-375
.100-.200 .015-.030 250-300
.300-.700 .030-.090 75-175
Titanium alloys .005-.015 .002—.005 300-400
.020-.090 .005-.015 200-300
.100-.200 .015-.030 175-200
.300-.700 .030-.090 50-125

Note: Cutting speeds obtained depend on operation setup and machine tool.
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g
Em TOUWLWOLODOUOITNNITITITITITITOODTOM
°; [cjolololololololololololoNololololoNolNe Ne]
"3 olejolojolojlolslolslclololololololoNeNeNe)
o l
o Cutting data for drilling (meters per minute)
=
Qo
=
2 I BR=3=2=%=! IS83I88IITEB8IIIIBISY (Reproduced by kind permission of Guhring Ltd.)
=] [elslolojololclslslclolclolcolololoNeNeNe)
(8]
;
|18
B 9 MO OOWOWWWOWOMMWMNNMNOOMNMNNOLWMNLWLW
e = ol cleolol JoloNololololoNololoNoNeNe]
ko] Material of workpiece Drill type Material Point Cutting Feed Coolant
c 0 of drill angle speed scale No
= mpermin.  (see p. 468)
oS DANANANNSONNNONDOOOWOWOWIN WO W — S - — -
c O T mOO0O0O - 000000000 OO0 Free-cutting mild steel hardness N/GT 50 HSS 118 30 — 50 4 Soluble oil
;% OO0 OOO0COOOOOOOODODOOOOOO up to 500 N/mm? -
'6 (3 Non-alloyed carbon steel with N HSS 118 20 - 30 4 Soluble oil
a <7 0.4% carbon < 800 N/mm
Non-alloyed carbon steel with ™ 0.4% N/GT 100 HSS 118 16 — 20 3 Soluble oil
carbon, hardness 800—1000 N/mm?
— and purified alloy steel with a
Sa NCOCOOBRENOr—rWr-rOx-9Y \ hardngss & 700 Nimm? - ]
- = Sl e A QO r— T YY" Yy Y Yy v v — P _
35| 058555855555555558588 | g r T
» z refined alloy steels with a hardness
i of 700—1000 N/mm?* - o o o
g Alloyed tool steels hardness 800— N/GV HSCO (HSS) 118 10 — 16 2 Soluble oil
=1 [} g OO oOoONODNDDLVAISTOTTTNOTOO 1000 N/mm? and refined alloy steels (130 )
O 8: 588865585555556555555 with a hardness of 1000—1200 N/mm.
o | & = - Refined alloy steels with a hardness N/GV HSCO 130 5- 8 1 Soluble ail, cutting oil
@ of > 1200 N/mm? - B
& Chrome-molybdenum. stainless steel N HSCO 130 8 —12 1 Solubte oil. cutting o1l
= /Sl—a\riless‘ é;slenwnc_ nickel-chrome, N/TE HSCO 130 3-8 1 Cutting oil or cvum';vrg
D heat resisting steels (Specials) oil with molybdenum
2 disulphide additives
-E >Ménganese steels contai;vvng up to H THSCO 130 ) 3 j5 R ' Dr; preh;at 10 N
a 10° o molybdenum (Specials) 200 —300
o . Spring steels T N/Gv HSCO (HSS) 130 5-10 1 Soluble oil, cutting ol
—~ - S
E I 8 Nimonic alloys W/Ti HSCO 130 3-8 1 Cutting ol or cutting
— = (Specials) oil with molybdenum
E @ T g) o T~ % disulphide additives
£ N =2 c . T O o Ferro-tic N/Ti HSCO 1187/130 3- 5 1 Dry: compressed air
= c —~m|mT = o o c = - B T
@ o 9 T < N = o) Titanium and titanium alloys Ti HSCO 130 3- 5 1 Cutting oil or cutting
o= O o _- O Al m <
B= m N SN m o | o = O (Specials) oil with molybdenum
e c 8 el o = o 8 8 5 g disulphide additives
je 9 N (@] | o © | < © Grey cast iron upT(EG 26 N HSS (HSCO) 118 /90 16 — 25 5 Dry: soluble oil
£ c — <
"5 %) c @ S oo (IO) (ep] $ — O | = = and malleable iron (double angle point]
— — 3 ibiotisidii B - - S — S
[] 8‘ N O 5 | ’:/ cl) Lt (Ol e] CRJJ 8 D o] Hard cast iron up to 350 brinell N HSCO 118 /90 8 —12 4 Dry: soluble oil
= = g % o ~ " L oO—® o < (double angle point)
b é S T © g &, g ?} C‘/:) o 5o H 3 Brass to MS 58 H HsS 118 60 — 80 6 Dry: cutting oil
_g' c 3m o 2 =292 . HBépo = 3 ® % % 8 Brass from MS 60 H (N) HsS 118 30 — 60 5 Soluble o, cutting oil
(] ® = @) % O] 02w e c c _9 <=T 2 9 2 (’B Red copper W/GT 50 HSS 130 30 — 60 5 Soluble oil, cutting oil
] g<280 PN2TE 5653 5530 N
= E0e - 0 ODDD g
S EE © cCcco0O OO (] e
o = PS5 E5~00008gges228383|0°
) 8| ocOCOEDNMOo=E==gh NnnDn >
= = | L et S = =t OO > LO= | @
8| 5| 250EgeSC8uuus::0333C552]| 8
o 8| TSS90 0T o0l wa3elle2®E5] S
g) S| CSCLESTOO00O0=0Ila=c<<hh= 8
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Cutting data for drilling (meters per minute) (contd.)
Cutting data for turning (meters per minute)
Material of workpiece Drill type Material  Point Cutting  Feed Coolant (Reproduced by kind permission of Anderson Strathclyde PLC)
of drill angle speed scale No
m per min.
, Electrolytic copper N HSS 1307 20 - 30 5 Soluble oil, cutting oil
German silver . N ~_Hss 118 20 — 30 3 Soluble oil, cutting oil
Copper nickel and copper-tin alloys N HSS 130 20 - 30 3 Soluble oil, cutting oil
Copper-aluminium alloys N HSS 130' 10 — 30 3 Soluble oil, cunfng o.sl SPEED FEED DEPTH
Alloys of copper and beryllium H - H§S 130 10 — 16 2 Soluble oil, cutting oil FT/MIN INS/REV INS
Copper-manganese and N HSS 130 25 — 30 3 Soluble oil, cutting oil MATERIAL
copper-silicon alloys ot M/MIN MM/REV MM GRADE
Pure aluminium ~ W/GTS0 HSS 130° 40 — 60 5 Soluble oil
Aluminium-manganese and W/GT 50 HSS 1307 40 — 60 5 Soluble oil
alljmlniumvchromenal\oys oluble oi ROUGH FINISH ROUGH FINISH ROUGH FINISH ROUGH FINISH
Aluminium alloyed with lead, W/GT 50 HSS 130° 60 —100 5 Soluble oil
antimony or tin - ALUMINUM ALLOYS | 800 1600 2500 04 02 008 25 .18 01 CG CF
Aluminium-copper alloys containing W/GT 50 HSS 130° 40 — 60 5 Soluble oil
silicon, magnesium, lead, tin, 250 500 750 1. 5 2 6.5 45 25
titanium or beryllium
| Aluminium-silicon alloys containing W/GT 50 HSS 1307 20— 60 5 Soluble oil é;tg\rﬁw(gg 500: 1600 2300 04 .02 008 25 18 .01 CG CF
copper. i
o i oo "‘ai”ga”esii 7 ) 250 500 750 i 5 2 65 45 25
Aluminium-magnesium alloys with W/GT 50 HSS 130 60 —100 5 Soluble oil ALUMINUM 300 600 1600 04 02 008 25 18 01 cG CF
silicon, manganese or chrome CASTINGS, HT.
Magnesium and magnesium alloys W/GT 50 HSS 130° 80 —100 5 Dry TREATED T 90 180 500 1. 5 2 6.5 45 25
(Electron)
Zinc, Zamac o N HSS 118 30 — 40 4 Soluble oil
Hard duroplastics H HSS/HM 80 10-20 50-100 3/4 ~ Dry: Compressed air BRASS 600 750 1000 .04 .02 .008 .25 .18 .01 CG CF
Soft thermoplastics W/GT 50 HSS 130 16 — 40 3 Water: Compressed air 180 230 300 1. 5 2 6.5 45 25
" Hardboard and the like TowiH HSS 130° 16 — 25 3 " Dry: Compressed air
Eternit, slate, marble T H i HSS (HM) 80 3— 5 fromhand Dry: Compressed air g:g;lpz:éﬂ 300 600 800 .04 .02 .008 .25 .18 .01 CG CF
Graphite N HSS (HM) 80 3- 5 fromhand Dry: Compressed air 90 180 250 1. B 2 65 45 25
[ Eponite, Vulcanite - H HSS 80 16 —230 6 Dry: Compressed air
| . CAST IRON 1
‘{ Perspex W 1SS a0 16 =25 3 Water SLio¥ . 50 350 500 .04 02 .008 25 18 .01 CR CG
§ S = 45 105 150 Fu ; :
) W=Dnilling in the direction N B The foregoing recommendations hold good only if the following conditions are met with: 2 2 65 45 25
H:g'vmfn:;?:s\gm angles a) uniform consistency of the material to be drilled; CAST IRON, 30 60 100 .04 .02 .008 25 .18 .01 CG CG
10 the layers b) drills are to BS 328 and DIN 338, CHILLED 400B
¢) Guhring drills of HSS and HSCO quality are used, 9 18 30 1. 5 2 6.5 4.5 25
. d) maximum depth does not exceed 3 times the drill diameter;
e) good machine condition and rigid mounting of the workpiece;
f) no drilling bushes are used; CAST IRON, 25 50 60 .04 .02 .008 25 .18 .01 cG cG
g) correct quality of coolant and sufficient flow CHILLED 600B 8 15 18 1 5 2 65 45 25
h) no excessive run-out of the machine spindle or drill + v 2 .
Bearing these points in mind the figures in the tables may be increased or reduced accordingly. CAST IRON, 250 550 650 .04 .02 .008 3 .2 .01 CR CG
GREY 75 165 190 1. 5 2 75 5 25
Feed rate scales in mm. per spindie revolution :lgf)LlLFi\oRN 150 300 500 .04 .02 .008 2 St .01 CR CG
s;caue No.: \ . . . . ~FERRITIC | 45 90 150 | 1. 5 2 5. 25 25
mm,pe‘mv. mm. pa@mv. mm per*mv. mm.por'rev. mm. per*rov, mm.pe;sv. CAST IRON, 150 300 450 .04 .02 .008 2 A .01 CR CcG
[ o s s NODULAR, PEARLITIC| 45 g9 135
1. 5 2 5 25 .25
80 |04 80 +05 80 +063| |80 +08 80 +10 80 1125
63 |0315| |63 104 63 +05 63 +063 | [63 +08 63 +10 COPPER 600 1100 2000 .04 02 .008 25 18 .01 CR CG
50 4025 50 +0315| [s0 + 04 50 + 05 50 1063 50 +08
40 to02 40 +o2s5 | |a0 +o31s| {s0 + 04 40 +05 40 4063 180 330 600 1. 5 2 65 45 .25
315 1+0.16 3151402 315+ 025 | [31.5 4+ 0315| [315 +04 315 +05
25 +oie 25 o2 25 4025 | [25 +o0315] [25 {04 25 405 FIBRE 300 500 700 .04 .02 .008 25 .18 .01 CG CF
20 10125 20 10,16 20 02 20 1025 20 T 0315| (20 +04 o
16 101 16 +0125| |16 016 16 102 16 025 16 10315 0 150 210 1. 5 2 6.5 45 .25
12,5 10,08 125 401 125 + 0125 |125 + 016 | |125 102 125 1 0.25
10 1008 10 01 10 0125 [10 4016 | |10 Fo02 10 4025 :QBRD RUBBER, 600 800 1000 .04 02 008 3 2 .01 CF CF
8 10063 8 1008 8 +o1 8 +0125| |8 4016 8 +02 ESTOS 180 250 300 1. 5 2 7.5 5 25
6.3 1005 6,3 10,083 63 008 63 1 0.1 6.3 + 0.125 63 1016
5 1004 5 4005 5 00863 5 + 008 5 101 5 0125 LEAD BRONZE, 750 1000 1500 04 .02 .008 25 .18 .01 cw CG
4 1004 4. 1005 4 +0063 4 1008 4 401 4 40125 ALLOY
31540032 | 3151004 3,154 0.05 3154 0,063| | 315+ 0.08 3154 0.1 230 300 450 1. 8 2 65 45 25
25 40,025 2540032 25 4004 25 1 005 2,5 40,063 25 4008
2 | o002 2 40025 2 40032 2 4 o004 2 4005 2 40063
L L} L L
4 2 2 J
Drill dia. mm.| |Drill dia. mm.| [Drill dia.mmJ [Drill dia. mm.| [Drill dia. mm.| |Drill dia. mm.
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MATERIAL

SPEED
FT/MIN
M/MIN

FEED
INS/REV
MM/REV

DEPTH
INS
MM

MALLEABLE IRON,
LONG CHIP

MALLEABLE IRON,
SHORT CHIP

PORCELAIN
RIGID PLASTICS,
WOOoD

STEEL, ALLOY,
ANNEALED

STEEL, ALLOY,
HARDENED 250B

STEEL, ALLOY,
HARDENED 300B

STEEL, ALLOY,
HARDENED 400B

STEEL, CARBON
NORMALISED 125B
STEEL, CARBON

NORMALISED 150B

STEEL, CARBON
NORMALISED 250B

STEEL, CAST 1508

|
STEEL, CAST  250B'
STEEL, MANGANESE

STEEL, STAINLESS,
AUSTENTIC

STEEL, STAINLESS,
MARTENSITIC

STEEL, TOOL,
HARDENED

STONE, HARD
GRANITE

STONE, SOFT
MARBLE

ROUGH FINISH
150 500 650
45 150 190

250 400 600
75 120 180

50 60 80
15 18 25

600 800 1300
180 250 390

300 500 650
90 150 190

250 400 600
75 120 180

200 300 500
60 90 150

150 250 350
45 75 100

600 800 1100
180 250 330

400 650 1000
120 190 300 |

300 500 650
90 150 190

200 300 500
60 90 150

150 250 350
45 75 100

60 100 200
18 30 60

300 400 500
90 120 150

300 400 600
90 120 180

30 60 100 |

25 35 50

150 200 250
45 60 75

ROUGH FINISH
.04 02 .008
1 5 2

.04 .02 .008
1 5 2

.04 02 .008

1 5 2

.04 02 .008
1 5 2

.03 .01 .004
75 25 1

.03 .01 .004
75 25 1

.03 .01 .004
75 25 1

.03 .01 .004
75 25 1

.03 .01 .004
75 25 1

.03 .01 .004
75 25 1

.03 .01 .004
75 25 1

.05 .01 .006
1.25 25 15

.05 .01 .006

1.25 25 15

.04 .02 .008

.08 .015 .008

.08 .015 .008

.04 .02 .008

.04 02 .008

.04 02 .008

ROUGH FINISH

3 2 .01
7.5 5 25
3 2 .01
75 5 25

A .01 .003
2.5 28 08

3 2 .01
75 5 25

5 25 015

13 6.5 4
3 2 01
7.5 5 25
25 .18 .01
6.5 45 25
25 18 .01

65 45 25

25 015

.5 25 015

13 6.5 4
3 2 01
75 5i 25

.5 .26 015

13 6.5 4
3 2 01
75 5 25
3 2 01
7.5 5 25
25 18 .01
6.5 45 25
25 18 .01

6.5 45 25

5 25 25

GRADE
ROUGH  FiINisy
M1 M1

M1/1 M1/1
CF CF
cw CF
SG SF
SG SF
SG SF
SG SF
SG SF
SG SF
SG SF
SG SF
SG SF
cwW CcG
cw cw
SG SF
SG SF
CR CR
CF CF
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Kennametal Grade System

Three general purpose grades—KC850, K420, and K68—can machine all the
jobs in most shops. Characteristics of these grades are:

KC850 is a rugged, multi-coated general purpose grade that delivers con-
sistent results at accelerated speeds and feeds when machining steels. It is ideal
for a wide range of jobs from roughing to semi-finishing.

K420 combines an optimum balance of toughness, with an ability to resist
edge wear and cratering. It can handle heavy roughing of steel at low speeds,
to light roughing at moderate speeds.

K68 was created specifically for machining aerospace metals such as super-
alloys and refractory metals, plus cast irons, non-ferrous metals and their al-
loys, and non-metals.

KC850, K420 and K68 are recommended as a means to minimize tool in-
ventory and simplify grade selection. However, the nineteen grades listed in
the table below will more precisely cover any metalcutting condition likely to
be encountered. Properly applied, these tungsten carbide, titanium carbide, coated
carbide, ceramic and cermet grades will provide optimum results.

Grade Hardness Typical Machining Applications
Ra

K090 94.5 Hot pressed cermet for medium roughing and finishing cast irons and heat-treated steels at high to moderate
speeds and moderate to high chip loads.

K080 93-94 Cold pressed ceramic for roughing and finishing cast iron below 300 BHN, and steels up to 23-24 Rc at speeds up
to 2000 sfm.

K185 93.5 Titanium carbide for finishing steels and cast irons at high to moderate speeds and light chip loads.

K7H 93.5 For finishing steels at higher speeds and moderate chip loads.

K5H 93.0 For finishing and light roughing of steels at moderate speeds and chip loads through light interruptions.

KC850 - A rugged coated grade that produces consistent results at accelerated feeds and speeds when machining steels.

KC810 — Coated for general machining of steels over a wide range of speeds in moderate roughing to semifinishing
applications.

K45 925 The hardest of this group. General purpose grade for light roughing to semifinishing of steels at moderate
speeds and chip loads, and for many low speed, light chip load applications.

KaH 92.0 For light roughing to semifinishing of steels at moderate speeds and chip loads, and for form tools and tools that
must dwell

K2s 915 For light to moderate roughing of steels at moderate speeds and feeds through medium interruptions.

K2884 92.0 A general purpose grade for milling steel over a wide range of conditions from moderate to heavy chip loads.

K21 91.0 For moderate to heavy roughing of steels at moderate speeds and heavy chip loads through medium interruptions
where mechanical and thermal shock are encountered.

K420 91.3 For heavy roughing of steels at low to moderate speeds and heavy chip loads through interruptions where
mechanical and severe thermal shocks-are encountered.

KC210 — Coated for general machining of cast iron over a wide range of speeds in moderate roughing to finishing
applications.

K11 93.0 The hardest of this group. For precision finishing of cast irons, nonferrous alloys, nonmetals at high speeds and
light chip loads, and for finishing many hard steels at low speeds and light chip loads.

xes 92.6 General purpose grade for light roughing to finishing of most high temperature alloys, refractory metals, cast
irons, nonferrous alloys, and nonmetals at moderate speeds and chip loads through light interruptions.

K6 92.0 For moderate roughing of most high temperature alloys, cast irons, nonferrous alloys and nonmetals at moderate
to low speeds and moderate to heavy chip loads through light interruptions.

K8735 92.0 For broaching and milling gray, malleable and nodular cast irons at moderate speeds and chip loads.

K1 $0.0 The most shock resistant of this group. For heavy roughing of most high temperature alloys, cast irons, and non-
ferrous alloys at low speeds and heavy chip loads through heavy interruptions.

Note: Above grade designati are of K I Inc.




Technical Data
Kennametal Grade Selection _ '
Suggested grades and machining conditions for various work materials and types of cut.
. . FINISHING LIGHT ROUGHING HEAVY ROUGHING
T I d —M ISO R T Up o V¢ Depth Yig-Yi Depth it Depth s Depth o Depth | % & Up Depth
oo I ng g ra es etrl c Work Material Haidness Under 005 Feed 005- 15 Feed ot ‘030 Feea 026 050 Feed 036- 070 Fees 040--100 Feed
[ Bin | ke Speed | Grade | Speed | Grade | Speed | Grade |  Speed | Grade | Speed | Grade | Speed |Grade
[ 150 1500-2000 T1000-1600 | 375500 300450 215400 =
[ 200 | [ ¢ g 25450 | _ 2
250 [ = | 700-1000 | = =) 300-400 &0 < i
a0 | 32 g 500 B 2530 |2 1
Free Machining Steels, [ 350 | 37 [ _400-600 . 2530 |S _150- g
Plain Carbon Steel 400 43 350- z S 200275 |6 S 125-200 *
Alloy Steels, and s 5 2 25 (@, 5 5-20
400 & 500 Series a5 | & 300-500 2 s |23 125-200 2
Stanless Steels® 450 | 47 18 250-450 2 =g 125-200 .
475 49 W0-35 | £ 200-300 = 7
50 | 51| 250375 g 125-200 g
525 fsa 200-275 * — = 1
Coated Grades KC850 and KC810, permit increased metal removal rates by operating at the higher cutting speeds suggested for the steels in the
above categories. In addition KC850 and KC810 are applied to other metals which are normally with the i crater and edg
resistant grades.
HOYBIDE 1SO COLOUR oAMSHING LIGHT ROUGHING HEAVY ROUGHING
GRADE WORKPIECE MATERIAL AND OPERATION CODE | CODE ek ! e bl AT
Speed Feed Grade Speed Grade Speed Feed Grade
et 110-220 400-550 010- 020 | K11 K090/KO0 |  300-400 Kes-KIl | 200-300 025-.040 | K6K6B
6 t
rayLestion 220-320 250-350 005- 010 | K11 K0S0/KOSO |  125-250 Ke8-K11 100-150 020- 030 K6 K68
e 140-250 450-600 010- 020 | o K 325450 E K45-K68 | 200-325 025- 040 K820K68
Nogular fron 250400 5425 | 005 010 | & KL Kos0/kos0 | 250-325 l S ke | 150250 020- 030 | Ke2oKes
sG . . . reatn 110-220 350-500 010- 020 | 2 K7H K090/K060 | 250-350 K45-KeB | 150-250 025040 K420K68
For all general purpose steel cutting operations, with P20 Blue Malleable Iron 200-280 300-400 005- 010 |  KIIKo90/kos0 |  200-300 K45-Ke8 | 125-200 020-_030 K420K68
the EXCEDtiOﬂS of stainless SYEGIS, high.nickel al |OYS Chilled Cast Iron 470-650 60-80 008- 012 K11 K090/K060 40-60 012-015 | Kes-Kil 30-40 015-.030 K6-K68
and heat and CTEGD-I'GSlStanT a”CyS' Coated Grade KC210 offers increased metal removal ilities in cast iron ining by ing at the higher cutting speeds suggested.
FINISHING LIGHT ROUCHING HEAYY. ROUGHING
Hon v M
Work Material BHN Upto Yie” Depth Vis” to % Depth lu to %* Dept
Speed | Feed Grade Speed Feed Grade Speed | Feed Grade
200 & 300 Sertes
s . . . 150-250 300-600 005- 015 | Kes-K1l 200-300 010- 020 K6-K68 125-200 015-.025 K668
Il Is®
CG For all machining operations cn cast irons, meehanite, | K20 Red Staniess Steels® i O ool i Mo B
. : 400-600 010- 020 | K7HK0S0/K0GO |  300-400 020-.030 K21-K45 200-300 025-.040 Ka20.K21
non-ferrous metals and short-chip alloy irons. Uil e 400-500 300-400 008- 015 | kn/k090/koeo|  200-300 015- 020 K21-K45 100-200 020- 035 Ka20 K21
500-560 200-250 005- 010 | K7HKoS0/kog0 |  100-200 | .010-.015 K21-Ke5
275-325 400-600 010- 020 | K7HKOS0/KOGO |  300-400 015-.030 K21-K85 200-300 025- 040 Ke20K21
e 5 L il ! o
Maraging Steel. 18% N ™ 00510 300-400 005- 010 | K11 KOS0/K0B0 | 200-300 010- 015 Ke5-Ke8 100-200 015-.020 K420:K21
. 175-225 250-500 010- 020 | K7HKOS0/KOG0 | 175250 015- 030 K21-K85 100-175 025-.040 Ka20K21
M 1} o —
ArigHE SteaiZa% S 480-510 150-350 005- 010 | K11 K090/K00 010-.015 K45-K68 75125 | 015-.020 K820K21
CW For machining stainless steels, high-nicke! alloys P30 ogh Speed Seels 200-250 400-500 005- 010 | K7HK090/K060 | 010- 015 K45-KTH 200-300 .015-.020 K420.K21
. Over 250 300-400 005- 010 | K7HK030/K060 010- 015 K45-KTH 100-200 015-.020 Ka20K21
= | S o0} 4 |
and heat and creep-resistant alloys. It can also M30 Yellow o e oo | oo Twmmomnoeo] o0 | omois | Kekm | awosw | oisom | wawka
be used as a universal grade for steels, cast irons, K20 Toskstidts Over 250 200-300 005,008 | KiHK030/K0G0 | 08012 | Kes-KTH -
§ - 200-250 400-500 05- 010 K 010- 015 K45-K7H 200-300 015-.025 Ka20K21
non-ferrous meta's, plastics, wood, etc. K30 Gold York | T80 L Ko we | (OO0 | KnA)
ool Steels Over 250 200-300 005- 008 | K/H K090/K060 010-.012 KA5-K7H N
High Manganese Steel 170-210 200-400 010- 020 | KIH Kas0KO6C| 020-.030 K45-K7H 50-100 030-.040 Xa20.K21
Magnesium Alloys 1200-1800 005- 010 | K68-Kil 900-1200 010-018 | Kes-Kl} 500-500 012-.020 K6.K6B
Losi 1500-2000 005-.010 | Ke8-K1l 1200-1800 008- 012 K68-K11 900-1200 012-.020 K6-K68
Aluminum Alloys —_— e at —
j st 1200-1800 004-.008 | Kes-K1l 007-.010 K6B-K11 600-900 010-.015 KG-KB8
. e . Titanium, Pure 110-275 300-450 "005- 012 K68-K11 010-.020 K68-K11 150-225 020-.025 K6-K68
GT TiN coated, for machining steels, stainless steel, P20 s At 300-380 200300 05010 | Kes-K1l 05015 | Kes-Kil 75150 ozioz | Kekes
i 1 tanium, Alloyes po——e= r
and generai purpose operations on other metals P30 Gold Y 350-440 125-200 004~ 008 | KeB-Kil 75-125 006-.010 Ke8-KI) 50-100 010-.015 K6 K68
: : : o 20-60 r8 900-1200 | 005010 | Kes-Kll | 800-1000 | .008- 012 Ke8-KI1 500-800 o12-_ 015 e8|
at higher speeds with longer tool life. P35 Copper Alloys = 0§ sl RGN W P :
- - | so-100rs | s00-1000 004-008 | Keg-Kil 600-800 | 007- 010 K68-K11 400-600 010-.014 KG.K68
K20 Brass & Bronze 500-1000 002- 010 | Keg-K1l 300-600 008- 016 K68-K11 150-300 012- 020 K6 K68
s monel 250-300 00008 | weg-kil | 15275 008-.012 K6B-K11 150-200 012-.018 KG-KG8
X Monel 250-300 005- 010 | Kes-K7H 175275 | .008- 015 K45-K7H 150-200 012-.020 2021
| zncAlos 500-1000 002- 008 | Ke8-K11 | ow-os | Kes-kul -
zwconwm 300-400 005-.008 | Kes-Kil | oos- 015 150-200 012-.018 KGKB8
The grades shown above are normally stocked in a wide range of sizes of square, triangular & . psags | e | ekn y TORE LBl | Jseng | g i | O
d th Bi | d i . e 3 u Thermoplastics - 600-1100 002- 005 | KILKOSO/KDSO|  200-500 006- 012 i
and rhombic, clamp and pin type, negative and positive rake conventional inserts. Thermosetng Plastcs 1 swosee | omoos [ xirwosmoso] seo-iomo | oos-ois
e Temperature ANOYS | Detarted machinieg information 1s contarned in Kennametal publication B-451
*Detailed machining information on specific stainless steels is i in AT78-275.
Note: Above grade desig are trad: rks of K tal Inc.
A78:370-3 Kennametal Inc Latrobe. PA 15650
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Ceramic technical data

application considerations for successful machining of

high temperature alloys

Productivity 10:1 vs carbide

‘When machining high temperature alloys with
Kennametal ceramic cutting tools, significant productivity
and machining cost advantages can be realized. There
are several important factors which tooling engineers
must consider to optimize their particular applications.

1. depth of cut notching (d.o.c. notching)

Notching (exaggerated abrasion wear concentrated
at the depth of cut intersection of the insert) is the most
common mode of failure for ceramic tools when
machining high temperature alloys. Excessive d.o.c.
notching can lead to premature tool failure and insert
breakage.

to minimize d.o.c. notching:
+use round inserts whenever possible
+ use the longest lead angle possible

-when using round inserts, lead angle is
optimized whend.o.c. = 5% - 15% of the diameter of the
insert.

- maximum d.o.c. = 25% of the diameter of the
insert.

+ use flood coolant (no interference from clamps etc)
+ program the optimum tool path for ceramic tools.

- maximize the effective tool lead angle.

- prechamfer the workpiece to eliminate stress
points on the cutting edge of the insert. When using a
seperate prechamfer operation, feed the insert at a 90°

angle to the chamfer to minimize notching of the insert
during the prechamfer.

- avoid double riotching [ex: using an 80° or 550
insert to profile in two directions with the same nose
radius can lead to a double notch situation and
premature tool failure.]

2. edge chipping

possible cause solution

- wrong grade for application - see recommendations

- speed too low - see recommendations

*feed too high - see recommendations

- incorrect edge prep. - see recommendations

- vibration - verify workpiece and
tool rigidity; reduce
spindle and/or tool
overhang.

- interruptions in cut -increase edge prep.
-increase speed
-decrease feed
- switch to thicker insert
- verify rigidity as above

3. excessive wear

possible cause solution

- wrong grade for application
-wrong speed (to high or iow)
-wrong edge prep.

- see recommendations
- see recommendations
| - see recommendations

4. insert breakage

possible cause solution

- improper clamping - use carbide chip-
breaker to distribute the
clamping forces

- do not over torque the
lock pin when using
Kenloc style inserts (12
inch/lbs. max)
-increase edge prep.
and/or insert thickness
- remove any coolant
flow restrictions, must
have flood coolant at
insert/ workpiece
interface

- scale and/or heavy
interruptions on workpiece
-thermal shock

5. coolant
The use of unrestricted flood coolant is recommended
when machining high temperature alloy materials with
Kennametal ceramics.

6. edge preparation
- standard edge preparation:

Kyon 2500 = .002 -.004 x 20° T- land (T)
Kyon 2000 = .002 -.004 hone only
or.007-.009 x 20° T-land (T)

These standard edge preparations will be suitable for the
majority of applications machining nickel base alloys.
Kennametal realizes however, that the need may arise
for spécial or non-stocked edge preparations. Please
refer to page 101 for edge preparation specifications and
recommendations.

Ceramic technical data

Ceramic application recommendations for
nickel and iron base high temperature alloys

APPENDIX B
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. 5 machining finishing - light roughing - milling
work piece material conditions rough, turn, bore turning, boring
nickel and iron base depth of cut upto.150 upto .250 up to .250
high temperature alloys (in.)
machinability index 15 - 30 feed rate .003-.010 .005-.012 (ipt)
(ipr) .004-.012
hatdnessio38 e insert positive and negative Kendex SNC shear
geometry Kenloc (Kyon2000 only) angle Kendex
(popular examples) grade surface speeds (sfm)
Kyon 2500 700 - 1400
Ineo-625 Kyon 2000 400 - 800 1500 - 2000
Kyon 2500 600 - 1250
Inco - 718 Kyon 2000 400 - 800 1200 - 1600
Kyon 2500 700-1250
Inco X-750 Kyon 2000 400-1000 1200 - 1600
Kyon 2500 400 - 1000
Inco-901 Kyon 2000 300 - 800 1200 - 1500
Kyon 2500 250 - 600
IN-100 Kyon 2000 200 - 400 -
Kyon 2500 200 - 600
Reneisy Kyon 2000 200 - 400 s
Kyon 2500 600 - 1000
Hastelloy X Kyon 2000 400 - 800 1000 - 1400
Kyon 2500 500 - 1200
Waspalloy Kyon 2000 400 - 1000 1200 - 1600
Kyon 2500 500 - 800
Ar1286 Kyon 2000 300 - 600
machining finishing - light roughing -
work plece materlal conditions rough, turn, bore turning, boring milling
cobalt based depth of cut . i 165,060
high temperature alloys (in.) upt0.060 P
feed rate (ipt)
(ipr) 004 -.012 --- .003 -.008
insert positive and negative negative Kendex
geometry Kendex 2
(popular examples) grade surface speeds (sfm)
Hayre= hoyes K090 600 - 1200 800- 1500

Stellite
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Ceramic technical data
Ceramic application considerations for successful
machining of carbon, alloy, tool and stainless steels

1. edge preparation

A"T-land" is recommended for When milling: " "
normal applications of Kennametal feed rate (ipt) = .75 - 1 x leg length (L) I" T=land
ceramic cutting tools in steel work- of T- land
piece materials. example: feed rate =.75-1 x (.008

When turning and boring: [std. K090 leg length])
feed rate (ipr) = 1- 1.5 x leg length (L) feed rate = .006 - .008 ipt

of T-land.
example: feed rate = 1- 1.5 x (.008)
[std. K030 leg length]
feed rate = .008 - .012 Ipr

4. excessive wear

NOTE: standard edge preparation for K060 / K090 i5a.008x20°T -land. The
need may arise for special or non-stocked edge preparations. Please see page
486 for edge preparation specifications and recommendations.

2. coolant
The use of coolant is not recommended for turning, possible cause solution
boring and milling of steels with Kennametal ceramic
cutting tools. -wrong grade for application - see recommendations
- speed to high or low - see recommendations
-wrong edge preparation - see recommendations
3. edge chipping
possible cause solution 5. insert breakage
.
-wrong grade for application - see recommendations possible cause solution
- speed to low - see recommendations =]
-feed to high - see recommendations - improper clamping - use carbide chip-
-incorrect edge prep - see recommendations breaker to distribute
- vibrations - check rigidity of tool & clamping forces.
workpiece; reduce tool - do not over torque the
and/or spindle lock pin when using
overhang. Kenloc inserts
- interruptions in cut -increase edge prep. (12 in/Ibs maximum)
-increase speed - scale and/or heavy -increase insert
-decrease feed interruptions on workpiece thickness and/or edge
- use thicker insert preparation
- verify rigidity as above Lthermal shock - furn off coolant

Ceramic application recommendations for carbon, alloy, tool and stainless steels

hining finishing & semi- *roughing -
work piece material conditions rough, tun & bore turning, boring miling
dept(li\no)f cut up o .060 upto.150 up to .300 upto.150
SRS e . (N | S S, N —
feed rate ! | | (ipt)
(ipr) .005-.010 ‘ .007 -.015 .010-.030 | .003-.006
iree machining carbon insert positive & negative Kendex --- negative
steels geometry | negative Kenloc | Kendex
AISI11100 and 1200 series - - T T
rade surf ds (sf
machinability index 80 - 100 g rlace speeds (sim)
T T
K060 1000 --3000 | |
h 140 - BHN
ardness 140-190 Kooo | 1000 - 3000 | 1200-3000

*See footnote on p. 477

APPENDIX B

Ceramic technical data _
Ceramic application recommendations for
carbon, alloy, tool and stainless steels (cont.)
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¢ meachining finishing & semi- *“oughing -
___werk plese material condidons rough, tum & bore turning, boring mitiing
dept(r_:no)l e up to .060 ‘ upto.150 upto.300 upto.150
in.
1 B | (pt)
feed rate |
ee(ipr) | .005 -.010 i .007 -.015 .010-.030 .003 - .006
! & —— — =
insert ‘ positive & negative Kendex negative
geometry negative Kenloc | Kendex
plain carbon steel e —— 2 o
AISI1000 series grade i surface speeds (sfm)
machinability index 80 - 100 . 1
K060 1000 - 1500 | - \
hardness 180 - 240 BHN K090 1000 - 1500 i - 1200 - 2000
alloy steels ‘
AISI 1300, 4000, 5000 ‘
6000, 8000 & 9000 series
machinability index 80 - 100 ‘
hardness 190 - 330 BHN K090 ‘ 500 - 1500 | - 800 - ?ggg
330-450 BHN K090 500 - 1200 | - 700 -
450 - 700 BHN K090 300 - 700 - 450 - 1500
tool steels i
wrought high speed, i
shock resistant, hot & cold !
worked tool steels 1
machinability index 40 - 60 ‘
| |
hardness 200 - 330 BHN K090 500 - 1500 ‘ - 800 - ?ggg
330 -450 BHN K030 500 - 1200 ‘ s 700 - o
450 - 700 BHN K090 | 300 - 700 | - 400-70
T 1
stainless steels 1 |
Austenitic stainless |
200 - 300 series |
machinability index 35 - 50 i ‘
hardness 140-190 BHN K090 ; 600 - 1200 i 900 - 1800
martensitic & ferritic }
stainless |
400 - 500 & PH series
|
machinability index 45 - 55 |
’ K090 | 650 - 1500 - | 900-2000
hardness 175 - 210 BHN

* A special consideration; K090 roll turning inserts, because of therr large size, thickness, and special K- lands, can handle feed rates and depths of

cut not normally associated with ceramic applications

29
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Ceramic technical data ] i :
Ceramic application considerations for successful machining of cast irons Ceramic technical data

1. edge preparation Ceramic application recommendations for cast iron (cont.)

When turning and boring: When milling: " "
feedrate (ipr) = 1-3x leglength (L)of  feed rate (ipt) =.75 - 1.5 x leg length |<' T - land —"
T-land. (L) of T-land sorial machining | finlshing roughing £ )
example: feed rate=1-3 x (.008) example: feed rate =.75-1.5 x (.008) s conditions e
[std. Kyon 3000 leg length] [std. Kyon 3000 leg length] depth of cut
feed rate =.008-.024 Ipr feed rate =.006-.012 ipt ep(in‘_’) upto .150 upto 500 upto .500 upt0.150
NOTE: standard edge preparation for Kyon 3000, KOS0 and K060 is a .008 x 20° T-land. The need may arise for special teed Fiite (ipt)
or non-stock edge preparations. Please see page 486 for edge preparation specifications and recommendations. (ipr) .005 -.020 .015-.030 upto .040 .003-.012
4. excessive wear -
2. coolant ) . | insert positive and negative neg. Kendex pos. / neg.
Coolant is not recommended when using K0BO or . . geometry Kendex and Kenloc andKenloc | Kendex &Kenloc
K090 for cast iron applications. However, coolant can possible cause solution - =
safely be used with Kyon 3000 in cast iron ications and — )
can'be an effeciveheans of dLSCCOntG. appl -wrong grade for application | - see recommendations grade suridceispesds (stm)
- speed o high or low - see recommendations cast irons
-wrong edge preparation - see recommendations alloy and ductile cast K060 1000 - 2000
3. edge chipping irons
that produce a curled chip K090 1000 - 2000 1000 - 2000
possible cause solution 5. insert breaka:
s hardness 140 - 260 BHN Kyon 3000 800 - 1500 | 800-1500 1000 - 3000
- wrong grade for application - see recommendations possible cause solution
- speed o low - see recommendations
-feedto high - see recommendations - improper clamping - use carbide chip-
- incorrect edge prep - see recommendations breaker to distribute
- vibrations - check rigidity of tool & clamping forces.
workpiece; reduce tool - do not over torque the
and/or spindle lock pin when using
) e overhang. Kenloc inserts
- interruptions in cut -increase edge prep. (12 in/lbs maximum)
-increase speed - scale and/or heavy - increase insert
-decrease feed interruptions on workpiece thickness and/or edge
- use thicker insert preparation
- verify rigidity as above -thermal shock - turn off coolant

Ceramic application recommendations for cast iron

work plece maverial llllll.ll‘; :'.". finishing - roughing roughin y 9 raliling
f |
depl(?no) cut upto.150 | up to .500 upto.500 upto.150
feed rate ‘ | | (ipt)
) (ipr) | .005 -.020 | .015-.030 Upto .040 .003-.012
cast irons ! e
grey cast iron and all other insert ‘ positive and negative | neg.Kendex pos. / neg.
cast_\rons §hat produps a geometry Kendex and Kenloc | and Kenloc Kendex &Kenloc
discontinuous chip -_—_—t e — -
machinability index 68 - 78 grade | surface speeds:(sfm)
K060 | 1000-3500 | | \
K030 1000-3500 i 1000-3500 | |
190 - BH | |
nardness 190-330BHN | kyon3000 | 6003500 | 600300 | 600-3500 | @00-4s00 |
330 - 450 BHN K0S0 i 700-2000 | 700-2000
| Kyon3000 | 6002000 | 6002000 | 600-2000 | 1000-3000 |
450 - 700 BHN K090 500-1200 i 500-2000 ‘ |
Kyon 3000 i 500-1500 | 500-1500 i 500 - 1500 | 500- 1500
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Cermet technical data

considerations for successful application of

Kennametal TiC /TIN Cermets

1. edge preparation

The standard edge preparations for Kennametal cermets
are as follows;

5. coolant

R

TiC / TIN cermets are more sensitive to thermal shock than
uncoated or coated carbide. Therefore, as a general rule,

j coolant is not recommended when rough turning, boring,or
insert style grade edge prep. milling.
There are cases however,as in very light finish turning and
Kenloc chip control | KT125 .001 -.002 boring, when the use of coolant can be beneficial to workpiece
inserts KT150 hone surface finish.
KT175
6. edge chipping
positive and negative | KT125 .002 - .004 x 20°
Kendex turning inserts | KT150 T- land possible cause solution
milling geometries | KT150 | 1.C.<1/2" .003 - .005 x 20° - wrong grade for application | - see recommendations
KT175 | 1.C.21/2".005 - .007 x 200
— - speed to low - see recommendations
NOTE: the need may arise for special or non-stock edge
preparations. Please see page 486 for edge preparation -feed to high - see recommendations
specifications and recommendations.
- incorrect edge prep - see recommendations
2. workplece materials
Carbon, alloy, stainless steels and malleable (ductile) - vibrations

irons are the primary materials for TiIC/TIN applications. [ Free
machining aluminum and non-ferrous alloys (copper, zinc, and
brass) can also be machined successfully.] Note that these
are all materials which machine with a ductile chip; to take full
advantage of the increased chemical stability that Kennametal
cermets offer.

Grey cast iron is pot a primary workpiece material for
cermets. The abrasion resistance required makes silicon
nitride and alumina ceramics a more suitable chioce as a
cutting tool for grey cast iron.

3. workpiece material hardness - 40 Rc max.

TiC/TIN cermets have metallic binders, and as such do
not exhibit the high hot hardness necessary for successful
machining of hardened workpiece materials. >40 Rc is better
suited for ceramic or CBN cutting tool materials.

4. speeds and feeds

Kennametal cermets do offer potential increased
productivity vs. uncoated and coated carbides. This increased
productivity will mostly be due to increased speeds.

workpiece material

speed potential (sfm)
Vvs. uncoated carbide

- check rigidity of tool and
workpiece; reduce fool and/or

spindle overhang.
- interruptions in cut - increase edge prep
- increase speed
- decrease feed
- use thicker insert
- verify rigidity as above
7. excessive wear
possible cause solution
- wrong grade for application - see recommendations
- speed to high or low - see recommendations
- incorrect edge prep - see recommendations

8. insert breakage

carbon, stainless steels

+30% - 50% (approx.)
ductile irons

alloy steels +20% (approx.) J

Cermets are more feed and fracture sensitive than
uncoated or coated carbide. The current practical upper feed
limit for a tough cermet (KT175) is approximately .022 - .035 ipr
turning carbon steel.

The majority of successful cermet applications (turning,
boring and milling) will be at conventional carbide speeds and
feeds. The criteria for success will be extended tool life,
superior surface finish and economics of application.

possible cause

solution

- improper clamping

- do not over torque the lock
pin when using Kenloc inserts.
(12 in/lbs maximum)

- scale and/or heavy
interruptions on workpiece

- increase insert thickness

and/or edge preparation.

- thermal shock

- turn coolant off

1
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Cermet technical data
application recommendations
grade surfacs speed depth of cut foad rate
{stm) {doc) nivewy
finishing KT125 300 - 1500 .100 max. .015 max.
free ining
snd semifinish/ KT150/ ) 150 max. i
plain carbon steels light foughing KT175 150 - 1000 ]
140- 240 BHN milling KT175 300- 1000 as required 1002 - 010 ipt
.015 max.
finishing KT125 300 - 1200 -100 max.
ey semi-finish/ KT120/ 150 - 800 150 max. 020 max.
light roughing KT175
-180 - 330 BHN ; :
milling KT175 300 - 800 as required .002-.010ipt
finishing KT125 300 - 800 .100 max. .015 max.
alloy steels semi-finish/ KT150/ 100 - 500 450 max. 020 max.
light roughing KT175
390 400BHN milling KT175 200 - 600 as required .002 -.010ipt
.015 max.
stainless steel finishing KT125 300 - 1200 .100 max.
austenitic .
200 - 300 series I‘sf‘f‘"f'"':h/ KKTT1157°5’ 300- 1000 150 max. 015 max.
ight roughing
He- 198N milling KT175 300 - 1000 as required .002 -.0101ipt
.100 max. .015 max.
stainless steel finishing KT125 600 - 1000 |
martensitic e
: semi-finish/ KT150/ - 800 450 max. 015 max.
400:- 500 FHsenss light roughing KT175 60080
175-210BHN milling KT175 400 - 800 as required ’ .002-.010ipt
- .125 max. \ .015 max.
finishing KT125 300 - 1500 J
alloy cast iron semifinish/ KT150/ . ‘ P N 020 max.
(ductile, malleable) light roughing KT175 B ‘L
. milling KT175 l 300 - 1500 as required .002 -.015ipt
i -
|
finishing KT125 “ 1000 - 4000 ‘ 125 max. .015 max.
free machining - ‘ B 2
mmirim 04 semi i v KT150/ 1 700- 4000 250 max. 1020 max.
non ferrous alloys light roughing KT175 i o |
¥, Zinc,brass) : - : :
(oopee milling KT175 [‘ 500 - 3000 as required .002 - .015ipt
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Polycrystalline technical data

/ecommendations for successful application of
Kennametal Polycrystalline diamond and CBN tools

1. edge preparation

The standard edge preparations for Kennamet

talline inserts are as follows;

| insert style
positive Kendex

[

T koo

negative Kendex

e

‘ negative Kenloc

R B

Top Notch threading ‘

and grooving

Top Notch profiling

" positive screw-on ‘ allKD100

mini screw-on
brazed tools

" PCD grades |

]

NOTE: the need may arise for special or non-stock edge prep-
arations. See page 486 for edge preparation specifications

and recommendations

2. tool geometries

When applying KD100 (PCD) in alunimum or other non-
ferrous applications, it is beneficial to use a posttive tool

geometry to minimize cuttin:

edge.

g pressure and eliminate built-up

When applying KD050, KD120, KD220 or KD200 to
machine hardened ferrous alloys, it is beneficial to'use a
negative tool geometry to maximize insert strength, stabilize
the cutting edge and improve tool life. This can be valid even in
situations where the depth of cut is very low (<.010 ).

3. workpiece material hardness (CBN applications)
When machining hardened ferrous materials with
Kennametal CBN's, maximum economic benefits can be
realized if the workpiece hardness is 45 - 65 Rc. An exception
to this is the sintered irons which are relatively soft (200 - 250
BHN) . The abrasiveness of these irons however, warrant the

use of CBN tools.

4. coolant

The use of flood coolant is strongly recommended when
applying KD050, KD120 and KD220. Coolant is not
recommended when applying KD200 (solid CBN), nor is it
necessary when applying KD100 in nonferrous applications.

al polycrys-

o —
| grade | 7edge prep.
‘ allKD100 | sharp
| PCD grades | |
1 sharp |
KD120 .001 -.002 hone ‘
J KD050 .004 x 20° T-land ‘
KD220 .004 x 20° T-land
| kD200 008 x 20° T-land
| &.001-.002 hone |
1 KD100 sharp
| Kpizo 001-.002hone |
| KDos0 .004 x 20° T-land |
KD220 | .004x20° T-land
KD100 ‘T sharp “
i KD120 .001 -.002 hone
| sharp

K<

5. edge chipping

‘ possible cause T solution ’
e S
| -wrong grade for application ‘ - see recommendations !
i - speed to low | -seerecommendations
B feed to high | -seerecommendations |
‘ - incorrect edge prep. ‘ - see recommendations
- vibrations - check rigidity of tool and
workpiece; reduce tool
‘ | and/or spindle overhang ‘
i A interruptions in cut [ - increase edge prep.
| - increase speed
| | -decrease feed
- use thicker insert |
| | -verify rigidity as above
6. excessive wear
possible cause —( solution
—_— —

- see recommendations

|

i _

L - wrong grade for application ‘
|

- speed to high or low - see recommendations 1

- incorrect edge prep. - see recommendations {

7. Insert breakage

[— possible cause

solution

‘ - do not over torque the lock
pin when using Kenloc

inserts (12 in/lbs max.)
- scale and/or heavy - increase insert thickness
{ interruptions on workpiece and/or edge preparation

- improper clamping

8. Polycrystalline tip dislodged

F possible cause

solution

- braze wetting between
carbide and polycrystalline

} - flood coolant to tip of insent
tip.

- lower speed: see recom-
mendations.

SECSE
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th of cut feed rate
o surfat;;': I;“d de:(: doc ) in/ rev.
non-ferrous materials ( :
- to .060" .005-.01
free machining finishing KD100 2000-4000 =
aluminim alloys roughing KD100 1800-3500 t0.125 .008-.
2 1003-010 ipt
80-12086N milling KD100 1000-10,000 t0.125
B 3 " 005-.010
i 10 .060' .
high silicon finishing KD100 2000-3000 o
sluminum oughing KD100 1200-2500 t0.125 .008-.
r i
. 003-.010ipt
hypereutectc milling KD100 1200-3000
nonferrous finishing
free machining alloys
roughing
eaasiors 1800-3500 .003-.010 ipt
braca dht. milling
80-12
.005-.010
2000-4500
non- metallics finishing | KD100 [ - —= ——
S B - '
nylons, acrylics roughing KD100 550-2500 ] oo
phenolic resin materials g os ,1 000744500 Ar pes 4' *.
mill
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Polycrystalline CBN technical data

application recommendations

hardened steels urtecs ?ﬁaad' “
srm
PR | finishin "
e ing KDo50 250 - 500 .050" max. .002-.008
teel s_emi-ﬂnish\'.ng/ KD120 200 - 450 .100" max. 002-.010
& i light roughing KD220 200 - 350 125" max. .002 - :012
§70-750 BHN | h
. 55- r rough turni T
'5‘5 Ao gh turning KD200 L 200 - 350 .150" max. .002-.012
- milling 500 - 700 .150" max. .006 -.010 (ipt)
B R inishi
i finishing KDo
%] high-speed 50 250 - 500 .050" F
° steel i-finishi = o
= D semi-finishing / KD120 200 - 450 100"
YR € I . max. .002-.010
3 570.750 BAN ] light roughing KD220 200 - 350 &

4 570750 ¥ : 125" max. .002-.012
£ i roughing KD200 200 - 350 .150" max. .002-.012
i % finishing KDo050 250 - 500 .050" max. .002-.008

bearing stee it :
{;4 5§m|-f|n|shlhg/ KD120 200 - 450 100" max 002-.0
570-750 BHN ¢ light roughing ’ ’ o0
55-65 Rc 2
33 roughing = e
finishi
e —— inishing KD050 250 -500 .050" max. :002-.008
die steel i-finishil
semi-finishing / KD120 200
: _ ing - 450 100" :002-.01
FEESEEG il light roughing max ’
50-60 RAc
roughing -
surface hardened
steel
finishin
570-750 BHN g KD050 250 -500 "
570-750 .050" max. .002-.008

APPENDIX B

Polycrystalline CBN technical data

application recommendations
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hardened cast irons (sFm) doe)
: finishing 250 - 450 .002 - .006
200 - 350 .005-.010

semi-finishing /
light roughing

white chilled iron

light roughing

SRS

roughing

570-750 BHN
55-65 RAc

' milling

finishing
sintered Iron p———————1

200 -350

500 - 1000

100 - 200

1

125 - 250

" 485-650 BHN
., 50-60 Rc 4
a = rough turning
SR il —— ———  KD20o
& milling
e G finishing KD120
! high chromium |
iron semi-finishing / KD220
570-750 BHN light roughing
55-65 Rc ||
T ATT ~ R roughing KD200
e DR finishing KD120
- AN . R T
Ni Hard semi-finishing / KD220

00 - 200

800 - 1000

150" max.

.050" max.

.050" max.

1006 - .015 (ipt)"

.008-.016"

.002 - .005

.002 -.008

.005-.010

.002 - .006

.002 -.008

.005 -.015"

1008 -.012 (ipt)*

.002 -.006

semi-finishing / KD220 700 - 1000 .050" max. .002 - .006
200-250 BHN ” s
i light roughing
* Use round chamfered inserts.
high temperature alloys
high temperture
nickle base alloys
finishing KD120 400 - 600 .080" max. .003-.007
325-500 BHN
35-50 Re
S I S | | —
finishing KD120 600 - 800 .050" max. .004 -.008
high temerature - — = — — - |
cobalt base semi-finishing / KD220 600 - 800 .050" max. .004-.010
hard facing alloys light roughing
570-750 BHN — 1 = T E——— [ — |
roughing KD200 600 - 800 050" max. 004 -.012

55-65 Ac
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edge preparation

Ceramics, cermets and polycrystallin i
€ s e cuttil
materials have a relatively high material hardneggJ ool
Because of this, the cutting edge is more brittle tha
: »th thant
conventional carbide metal cutting tools. he
In order lq optimize the performance of these
advance_d cutting tool materials, it is critical that the edge
zr:’i:::g:n be: matched to the cutting tool material, the
material and the machini { ei
i chining operation being
General recommendations for stand:
. T ard edge
g;ml:mr:; by g.remng tool material and mac‘:?rgﬁng
Ns have been given in e i
of ths ot g ach of the three sections
There are four basic choices when consideri
4 nsideri
oreparation for advanced materials: o edge

K<

There is atrade off. Increasing either the width "
the angle ‘A’ of the T- land to strengthen the insgttzv:l’r x
also Increase the cutting forces and could have a
potentially detrimental effect on both the cutting tool
and/%r‘ the workpiece material.

e _optirmm situation is to have the minii

preparation ( in terms of T- land size and anglgrr\:rnh?c(:?:rill
perform the desired operation, and protect the insert

cutti Dtecthe ir
oo} 19 &dge adequately, thereby achieving satisfactory

2. hone
Hones protect the cutting edge by eliminati
: y eliminating the
sharp edge a_nd reducing edge chipping. Honesngo not
E{mvode the high level of edge protection of 3 T- land.
owever, they can be very satisfactory when using

APPENDIX B 487

technical data
edge preparation

4. up - sharp

Normally, Kennametal does not recommend up-

sharp edges for ceramic, cermet or polycrystalline
inserts. The high material hardness results in an edge
that is highly susceptable to chipping if left ‘up-sharp’.

However, if it has been determined that an up-sharp

edge is necessary, it can be ordered as a special.

how to order an insert with a non-standard
edge preparation:

When ordering any Kennametal advanced cutting

tool material with a non-standard edge preparation,

il nd si

desired.
ex: CNGA-432T KY3000 with .012x 300 T- land

When considering special edge
preparations, please contact your local
Kennametal Tooling Systems Engineer.
He is uniquely qualified to make
recommendations to ‘‘fine tune’’ your
advanced cutting tool applications, and
to help you maximize your metalcutting
productivity.

1.T-land ceramics, cermets or polycrystalline inserts in finighi
2. hone Eperattnns: such as when depth of cut and feed ratel:gre
S S i _ —
3 - g 5] ' e e ) G = P————y e e i T e e L e enem
Kennametal recommends the f i o
1.7-land radius type hones: ollowing range of l_metak:uttmg safety

T-lands act to protect the cutti iminati
3 ng edge by eliminat
asharp cutting edge thereby reducing edgeychipp?r;mg
:’:nrg;y redistributing the cutting forces back through th’e
body cross section of the i i
s o he insert which makes the

with T-
land without T-land

cutting forces

W,

cutting forces

w

3. T- land plus hone
In some situations, like rough tuming steel with

Modern metalcutting operations involve high energy, high
spindle or cutter speeds, and high temperatures and cut-
ting forces. Hot, flying chips may be projected from the
workpiece during metalcutting. Although advanced cut-
ting tool materials are designed and manufactured to
withstand the high cutting forces and temperatures that
normally occur in these operations, they are susceptible
to fragmentating in service, particularly if they are sub-
jected to over-stress, severe impact or otherwise abused.
Therefore, precautions should be taken to adequately pro-
tect workers, observers and equipment against hot, fly-
ing chips, fragmented cutting tools, broken workpieces
or other similar projectiles. Machines should be fully
guarded and personal protective equipment should be
used at all times.

Cutting tools are only one part of the worker-machine-tool
system. Many variables exist in machining operations,
including the metal removal rate; the workpiece size,
shape, strength and rigidity; the chucking or fixturing; the
load carrying capability of centers; the cutter and spindle
speed and torque limitations; the holder and boring bar
overhang; the available power; and the condition of the
tooling and the machine. A safe metalcutting operation
must take all of these variables, and others, into
consideration.

Kennametal has no control over the end use of its pro-
ducts or the environment into which those products are
placed. Kennametal urges that its customers adhere to
the recommended standards of use of their metalcutting

machines and tools, and that they follow procedures that

ceramics, minute chipping can occur at the intersections
ensure safe metalcutting operations.

of the T- land and the rake surface or f

insert. This condition can be coneded':y*:prl;ﬁ :f te
fadaus hone to both intersections. This can effectively
improve the performance of the edge preparation while
keeping T- land size and angle constant.

Kennametal recommends the followi
modifications: ollowing

When grinding advanced cutting tool materials, a suitable
means for collection and disposal of dust, mist or sludge
should be provided. Overexposure to dust or mist con-
taining metallic particles can‘be hazardous to health par-
ticularly if exposure continues over an extended period
of time and may cause eye, skin and mucous membrane
irritation and temporary or permanent respiratory disease.
Certain existing pulmonary and skin conditions may be
aggravated by exposure to dust or mist. Adequate ven-

For more information, we suggest you write for Kenna-
metal’'s Metalcutting Safety booklet Number
A86-69(10)ES, if you do not already have one. Quantities
are available, free, for distribution to your operating
personnel.

ggg gg; tilation, respiratory protection and eye protection should
:007. '009 be provided when grinding and workers should avoid
012-014 ‘ breathing of and prolonged skin contact with dust or mist.

General Industry Safety and Health Regulations, Part
1910, U.S. Department of Labor, published in Title 29 of

.005 -.007
30°/35° 1008-.010 hone designation m the Code of Federal Regulations should be consulted.
012-.014 _ Read the applicable Material Safety Data Sheet before
—_-_ AL
.014 - K %
100/150 - I S B R ——— e SR —_—
.060 - .062
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Determining Power Requirements in Machining’

TABLE 17.2-3 Average Unit Power Requirements for Turning, Drilling and Milling—English Units

UNIT POWER*
hp/in/min
TURNING P, MILLING P,,
HSS AND DRILLING P, HSS AND
MATERIAL HARDNESS CARBIDE TOOLS HSS DRILLS CARBIDE TOOLS
(feed .005-.020 ipr) | (feed .002-.008 ipr) | (feed .005-.012 ipt)
Sharp Dull Sharp Dull Sharp Dull
Bhn Tool Tool Tool Tool Tool Tool
- . 1.0 1.3 1.1 1.4
STEELS, WROUGHT AND CAST 85200 i1 14 |
Plain Carbon 35-40 R, 1.4 1.7 1.4 1.7 115 1.9
Alloy Steels
Tool Steels 40-50 R, 1.5 1.9 1T 2.1 1.8 2.2
50-55 R, 2.0 25 21 26 21 26
55-58 R, 3.4 42 26 3.2¢ 26 3.2
CAST IRONS | 110-190 0.7 0.9 1.0 1.2 0.6 08
Gray, Ductile and Malleable 190-320 14 17 16 20 11 14
STAINLESS STEELS, WROUGHT AND CAST 135-275 13 16 11 14 1.4 17
Ferritic, Austenitic and Martensitic 30-45 R, 14 17 12 15 15 1.9
PRECIPITATION HARDENING
-4 1.4 1.7 1.2 1.5 1.5 19
STAINLESS STEELS 150-450
TITANIUM 250-375 12 1.5 1.1 1.4 1.1 1.4
HIGH TEMPERATURE ALLOYS
i 2.5 31 2.0 2.5 2.0 25
Nickel and Cobalt Base 2005360
Iron Base 180-320 1.6 2.0 1.2 1.5 1.6 2.0
REFRACTORY/ACLOYS 321 28 35 2.6 337 29 3.6
Tungsten
Molybdenum 229 2.0 25 1.6 2.0 1.6 2.0
Columbium 217 1.7 21 1.4 1.7 1.5 1.9
Tantalum 210 2.8 3.5 24 2.6 2.0 2.5
NICKEL ALLOYS 80-360 2.0 2.5 1.8 2.2 1.9 24
30-150
; : 2 0.32 0.4
ALUMINUM ALLOYS 500 kg 0.25 0.3 0.16 0
MAGNESIUM ALLOYS 40-90 0.16 0.2 0.16 0.2 0.16 02
- 500 kg :
COPPER 80 R 1.0 1.2 0.9 1.1 1.0 1.2
10-80 Ry 0.64 0.8 0.48 0.6 0.64 0.8
GOPPER ALLOYS 80-100 Rg 1.0 1.2 0.8 1.0 1.0 1.2

*Power requirements at spindle drive motor, corrected for 80% spindle drive efficiency

+ Carbide

TReprinled by permission from Machining Data Handbook, 3rd edition, ©1980, Metcut Research Associates, Inc.

APPENDIX C

PROGRAMMING EXERCISES

Ideally, any part programming exercise should be supported by program prov-
ing and production of the component. Most of the inch and metric exercises
that follow will fall within the capacity of equipment now generally available
in educational institutions, and it is likely that most benefit will be gained if
the exercises are completed with that equipment in mind.

To cater to students who do not have access to suitable equipment two im-
aginary machine types follow together with their control systems. These alter-
native systems are fairly typical and are illustrative of the way manufacturers
summarize the capabilities of machines and control systems in their promo-
tional literature and instruction manuals.

It is anticipated, if the exercises are attempted using the alternative systems,
that, as when using college-based equipment, the student will receive further
guidance and advice from his or her lecturer. Partially completed programs for
Exercises 1, 2, 9, and 10 are included at the end of the chapter.

Details of the machining, tooling and programming requirements are in-
cluded alongside each detail drawing with the exception of the last exercise of
each type, where the intention is that the student should complete all stages
from detail drawing to finished product, making decisions relating to work
holding, tooling, feeds and speeds followed by part programming and, in cases
where the programming has been related to equipment available, by program
proving and final machining.

Appropriate speeds and feeds may be selected from the data given in Chapter
7, Appendix B, or from a Machining Data Handbook.

The components have been dimensioned according to traditional standards
in some cases, and in others the method of dimensioning which is increasingly
being favored for numerical control is used. Students will be able to judge for
themselves which is the more appropriate conventional or coordinate.

The direction diagrams included on Exercises 1, 2, 9, and 10 indicate relative
tool movement, that is, the directions shown will be those used in the part
program. The diagrams relating to the turning exercise assume a rear mounted
tool post.

A0
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Assigned miscellaneous functions:
MO0

MO1

MO02
MO3
MO04
MO05
MO7
MO8
M09
M10
M11
M30
Axis movement commands:

Other functions:
Feed

Spindle speed
Tool identification

Dwell

%

M plus two digits

Programmed stop. Stops all slide
movement, spindle rotation and
coolant

Optional stop. Ignored unless activated
manually from control console.

End of program

Spindle on clockwise

Spindle on counter-clockwise

Spindle off

Coolant on (mist)

Coolant on (flood)

Coolant off

Quill clamp on

Quill clamp off

End of program. Rewind tape.

End point in X, Y and Z

Start point of arcs relative to circle
center /, J and K

Dimensional values in 3/2 format
metric, that is, three digits before
and two digits after the decimal
point; 2/3 format inch. Do not
program the decimal point and omit
leading zeros.

Plus (+) signs are not required but (—)
signs must be included.

F plus four digits

Feed/min in 1 mm or 0.1 in. steps

Feed/rev in 0.001 mm or 0.001 in.
steps

Do not program decimal point or
leading zeros

S plus four digits

T plus two digits

TO1 to T16. With offsets use four digits,
first two tool number, second two
offset number, offsets 00 to 32.

D plus three digits in 0.1 s (Do not
program decimal point.)

Slash delete. Messages ignored when
‘slash delete’ switch on the control
unit console is activated. They are
obeyed when switch is off.

Rewind stop

End of block

APPENDIX C 511

PROGRAMMING NOTES RELATING TO MILLING AND
DRILLING EXERCISES

Pocket Clearance Cycle (G28)

1. Position the cutter over the center point of the pocket.

2. Program the appropriate movement in the Z axis.

3. Program G28 with X and Y values indicating pocket dimensions. Cutter
radius compensation and the step-over value will be automatically de-
termined and implemented.

4. Cancel the cycle by programming G80.

(Note this code is not available or standard on all machines.)

Mirror Image (G31)

1. Program G31 together with the axis or axes to be mirrored. For example,
G31 X will mirror in the X axis only; G31 XY will mirror in the X and
Y axes. No other data are to be included in this block.

2. Program the original axes commands.

3. Cancel by programming G30.

(Note this is not a standard code that is available on all machines, some ma-
chines will use a manual switch.)

Cutter Radius Compensation (G41, G42)

1. Program G41 or G42 in the same block as GO1 or GOO when making the
approach move to the profile to be machined. The cutter will offset by
the appropriate radius.

2. Cancel G41 or G42 by programming G40 in the withdrawal move.

(Note some machines will require this code to be programmed in a separate
block before the move.)

Drill Cycle (G81)

1. Program G81 when making the approach move to the first hole position.
The block must also contain the Z depth to be drilled and Z clearance
position. The drill cycle will activate at the end of the positional move
and will be repeated at the end of each subsequent positional move un-
til cancelled.

2. Cancel G81 by programming G80 in the withdrawal move.
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Peck Drill Cycle (G83)

1. Program G83 when making the approach move to the first hole position.
The block must also contain the Z depth to be drilled, the Z clearance
position and the peck distance as a W or K increment. The drill cycle
will activate at the end of the positional move and will be repeated at
the end of each subsequent positional move until cancelled.

2. Cancel G83 by programming G80 in the withdrawal move.

ALTERNATIVE MACHINE SPECIFICATION AND CONTROL
SYSTEM FOR PROGRAMMING EXERCISES 1 TO 8: MILLING
AND DRILLING

Machine Type and Specification

Vertical machining center with three-axis control
Traverse: X longitudinal 600 mm (24 in.)

Y transverse 400 mm (16 in.)

Z vertical 450 mm (18 in.)
Spindle speed: 10-3300 rev/min infinitely variable
Working surface: 1000 mm x 300 mm (40 in. X 12 in.)
Feeds: 1-5000 mm/min (0.1=198 in/min)
Tool changing: Manual

Control System

Program format: Word address
Axes controlled: X, Y and Z singly or simultaneously
Interpolation: Linear X, Y and Z

Circular XY, YZ and ZX planes
Command system: Incremental or absolute
Data input: MDI or perforated eight-track tape
Tape code: ISO or EIA via tape sensing

Programming Information

Block numbers:

N plus one to three digits
Preparatory functions:

G plus two digits

GO0 Rapid traverse at machine maximum (modal)
GO1 Linear interpolation, programmed feed (modal)
G02 Clockwise circular interpolation (modal)

G033 Counter-clockwise circular interpolation (modal)
Go8 Ramp down inhibit (modal)

GO09 Cancels G08

G238 Pocket clearance cycle (modal)
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G30 Cancels mirror image

G31 Mirror image with axis command (modal)
G40 Cutter offset cancel

G41 Cutter radius compensation left (modal)
G42 Cutter radius compensation right (modal)
G70 Inch programming (modal)

G71 Metric programming (modal)

G80 Cancels all fixed cycles

G81 Drill cycle (modal)

G83 Peck drill cycle (modal)

G90 Absolute programming (modal)

Go1 Incremental programming (modal)

G93 Inverse time feedrate (V/D) (modal)
Go4 Feed inch (mm)/min (modal)

G95 Feed inch (mm)/rev (modal)

G96 Constant surface speed

G97 Spindle speed rev/min (modal)

ALTERNATIVE MACHINE SPECIFICATION AND
CONTROL SYSTEM FOR PROGRAMMING EXERCISES
9 TO 16: TURNING

Machine Type and Specification

Precision turning center with two-axis control .
Traverse: X transverse 160 mm (6.3 ln.)
Z longitudinal 450 mm (17.7 in.)
Spindle speed: 50-3800 rev/min . _
Fged: ¥ 0—400 mm/min, 0—200 mch_/mm ‘
Tooling: Indexable turret providing eight tool stations

Control System

Word address

Program format: . _
X and Z singly or simultaneously

Axes controlled:

Interpolation: Linear X and Z axes
Circular XZ plane

Command system: Absolute ‘

Data input: MDI and magnetic tape

Programming Information

Block numbers: N plus one to three digits

Preparatory functions: G plus two digits ' .
GO00o Rapid traverse at machine maximum (modal)
GO1 Linear interpolation, programmed feed (modal)
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G02
G03
Go8
G09
G33
G40
G41
G42
G70
G71
G8o
G81
G83
G90
Go1
G92
G93
G94
G95
G96
G97
Assigned miscellaneous
functions:
MO0

MO1

MO02
MO3
MO04
MO05
MO6
MO7
MO8
M09
M30
Axis movement commands:

Other functions:
Feed

Spindle speed

Clockwise circular interpolation (modal)
Counter-clockwise circular interpolation (modal)
Ramp down inhibit (modal)

Cancels G08

Threading cycle

Cutter offset cancel

Cutter radius compensation left (modal)
Cutter radius compensation right (modal)
Inch programming (modal)

Metric programming (modal)

Cancels all fixed cycles

Drill cycle (modal)

Peck drill cycle (modal)

Absolute programming (modal)
Incremental programming (modal)
Preset axes command

Feed inverse time (V/D)

Feed inch or mm/min (modal)

Feed inch or mm/rev (modal)

Surface cutting speed feet or meters/min
Surface speed rev/min

M plus two digits

Programmed stop. Stops all slide movement,
spindle rotation and coolant.

Optional stop. Ignored unless activated man-
ually from control console.

End of program

Clockwise spindle rotation

Counter-clockwise spindle rotation

Spindle off

Tool change

Coolant on (mist)

Coolant on (flood)

Coolant off

End of program. Tape rewind.

End point in X and Z

Start point of arcs relative to circle center/and
K (see pp. 128-136)

Dimensional values in 3/2 format metric, that
is, three figures before and two after the
decimal point; 2/4 format inch. Program the
decimal point but no leading or trailing ze-
ros.

Plus (+) signs are not required but (=) signs
must be included.

X values to be programmed as a diameter.

F plus four digits

Feed/min in 1 mm or 0.1 in. steps
Feed/rev in 0.001 mm or 0.001 in. steps
Do not program decimal point

S plus four digits
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S plus three digits

T plus two digits, TO1 to T10. With offsets pro-
gram four digits, offsets 00 to 24, first two
digits tool number/second two offset num-
ber.

Slash delete. Messages ignored when ‘slash
delete’ switch on the control unit console is
activated. They are obeyed when switch is
off.

Surface speed
Tool identity

%Rewind stop
*End of block

PROGRAMMING NOTES RELATING TO TURNING EXERCISES

Tooling System and Turret Indexing
The tooling system comprises an eight-station turret mounted at 90° to the ma-

chine spindle axis, the tooling positions being numbered 1 to 8. (See following
figure.) It illustrates the way the tooling is arranged in relation to the work-
piece.

Turret indexing is achieved as follows:

1. In the block following the end of a machining sequence program MO06
(tool change). No other data are to be included in this block. The tur-
ret will withdraw to a pre-set safe indexing position.

2. In the next block program the required tool number and, if applicable, its
related tool offset number. The turret will index by the shortest route

to that tool position.

‘/— | _—_1 7+
I |
0 _L B

External and internal tooling
in alternate positions

-

[ ; |
—Ci— -I—:- = -
—

External and internal turning positions

Turret arrangement
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3. In the‘ next block program a rapid move to the next pre-cutting position, The final thread depth is reached by a series of rough and finish pass cuts as
Whlch should be approximately 2mm or 0.100 in. clear of the work- indicated in the part program below, which refers to the preceding figure.
A _piece. _ The pitch is programmed as a K value.
. Finally, continue to program moves at a controlled feedrate. Allow an approach distance of 0.250 inches in th Z axis when cutting threads.
Note tool changes for various machines will program differently and machinery
manuals should be consulted. (Inch) N G X Z I K E S T Mo
35 0 2.4 25 *
Screw-cutting Cycle (G33) jg 33 2:32 -3.8 2 490 0404 ‘
The rpovement sequence of the screw-cutting cycle is illustrated in the follow- 50 2.44 ¥
ing figure. ; 55 2.42 .
_ 60 2.4 N
1. Tool moves rapidly to programmed X value. 65 2.38 *
2. Thread is cut to programmed Z value. 70 2.36 *
3. Rapid traverse to initial position in X axis.
4,

Rapid traverse to initial position in Z axi
s. . . . ;
¥ Allow an approach distance of 5 mm in the Z axis when cutting threads.

Start position

4 X+ )
T — — —f (Metric) N G X zZ | K F S T M
3) L, 5 35 0 26 5

[} 40 38 248 —38 2 490 0404 *
2 45 24.6 *
50 24.4 *
_ ~ Machine axis 55 24.2 *
X zero datum 60 24 *
65 23.8 *
70 23.6 *
| 38.0 (1.5)
Programmed length = Cycig . . :
start The X values are continually reduced until the full thread depth is reached.
:\ — / = ; Two passes of the final cut should be made to reduce tool pressure for finishing.
i A The Z axis move is programmed as an incremental value from the start po-
sition.
[ The cycle is cancelled by programming G80.
5.0
©.2)

) Drill Cycles (G81 and G83)

1. Position drill at start point in the Z axis on X zero datum.

2. Program G81 or G83 together with Z depth to be drilled. G83 requires

L the peck distance to be programmed as a special coded increment. (Re-
M25 x 2

fer to machine manual for address used.)

(1 x 10 UNC) 3. Cancel G81 or G83 by programming G80.

30.0 (1.2)

Cutter Radius Compensation (G41 and G42)

Component detail. (Inch uni i i
p ( units are given in parentheses.) Common to both turning and milling exercises.
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Geometric tolerances

Geometrical tolerance symbols

A P P E N D | X D SYMBOL | CHARACTERISTIC APPLICATION

sTRAlG HTN ESS Applied to an edge line or axis. For an edge or line the tolerance zone is the area between two
parallel straight lines containing the edge or line. The tolerance value is the distance between the
two lines.

GDT SYMBOLS

Applied to a surface. The tolerance zone is the space between two parallel planes. The tolerance
FLATNESS value is the distance between the two planes.

Applied to the cross-section of a cylinder, cone or sphere. The tolerance zone is the angular
ROUNDNESS space between two concentric circles lying in the same plane. The tolerance value is the distance
between the two circles.

Applied to the surface of a cylinder. Combines and The
CYL'NDR'C'TY tolerance zone is the angular space between two coaxial cylinders. The tolerance zone is the
radial distance between the two cylinders.

Applied to a profile. The tolerance zone is an area defined by two lines that have a constant width
PROFILE OF A normal to the stated profile. The tolerance is the diameter of a series of circles contained
LINE between the two lines. The tolerance may be unilateral or bilateral.

PROFILE OF A Applied to a surface. The tolerance zone is a space contained between two surfaces normal to
the stated surface. The tolerance value is the diameter of a series of spheres enveloped by the
SURFACE two surfaces. The tolerance may be unilateral or bilateral.

DRIOQ] |

Applied to a line, surface or cylinder. The tolerance zone is the area between two parallel lines
or planes, or the space between two parallel cylinders, which must be parallel to the datum
PARALLELISM feature. The tolerance is the distance between the two lines or planes or, in the case of a cylinder,
the diameter of the cylinder.

Applied to a line, surface or cylinder. For a line or surface the tolerance zone is the area between
two parallel lines or planes which are perpendicular to the datum surface. The tolerance is the
SQUARENESS distance between the lines or planes. For a cylinder the tolerance zone is the space within a
cylinder equal in diameter to the tolerance value and perpendicular to the datum plane.

Applied to a line, surface or cylinder. For a line or surface the tolerance is the area or space
between two parallel lines or planes inclined at a specified angle to the datum feature. For a
ANGULARITY cylinder the tolerance zone is the space within a cylinder equal in diameter to the tolerance value
and inclined at a specified angle to the datum feature.

Applied to a circle or cylinder. The tolerance zone is the space within a cylinder equal in diameter
POSITION to the tolerance value and coaxial with the datum axis. The tolerance limits the deviation of the
datum axis from its true position.

Applied to parallel lines or surfaces. The tolerance zone is the area of space between the lines or
CONCENTRICI TY surfaces symmetrically disposed in relation to a datum feature. The tolerance value is the
distance between the lines or planes.

Applied to a point, axis, line or plane. The zone ition varies ing to the
SYMMETRY feature. The tolerance value will limit the positional deviation from the specified true position.
Applied to the surface of a solid of ion or to a face pei icular to the axis. The
RUN OUT value indicates the permissible indicator during one i
MAX| M U M MMC exists when the component or feature contains the maximum amount of material
permitted by its dimensional tolerances. When M is included in a tolerance frame the tolerance
MATERIAL value need only be applied rigorously when the component or feature is in that condition. When
not in that condition the geometri may bei up to the di between the

OIN| O\ |-

CONDITION MMC limit and the actual finished size.

K22
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Geometric tolerance frames

1. Tolerance relating to a single datum:

Tolerance
symbol
Tolerance
( ‘Datum
1] o002 | A

2. Tolerance relating to more than one datum:

Primary datum
Secondary datum

/ J,—Tertiary datum
| ooz alB]cC

APPENDIX E

FORMULAS

(L7
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FORMULA #2
FORMULA #1
Centerline - - -
Finished [ —= Known Z Abs.
profile position
_ ——— A\ —
Stock —
Toql Semi-finished +
radius . -
profile Finished Stock
profile B

\Semi—finished

profile

Accumulative
A cut depth

Stock

Known Z Abs.
position

Tool
—~=—2Desired Z Abs. radius
position

Finished radius

Desired Z Abs.
position

A = Finished radius—-stock-tool radius
\ B = Accumulative cut depth-tool radius
Desired Z Abs. = Known Z Abs. - +/A* — B~ tool radius B = Stock 4+ tool radius

A = Tan % X B
Desired Z Abs. = Known Z Abs. — (tool radius — A)
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FORMULA #4
Finished —==—
profile
FORMULA #3 Known Z Abs.—=—
position Pos.
#1 Desired X Abs.
B position
I I | ——
I A I Known Desired Z Abs.
— — — — — I A\ angle position
\\
\\\\ l
.
| T~ B Pos.
#2 Known X Abs.
\ DOSiTiOn

Desired Z Abs.
position

Tool
Finished ——=_ radius
profile
I Desired Z Abs.
| position
| C=180 - B
Stock
| Finish radius
- Known Z Abs.
o position
B = Tool radius + stock B Tool radius Pos.
; C = Finish radius + stock + tool radius #1
‘ A=+/C° - B
Desired Z Abs. = Known Z Abs. + A - tool radius Pos. #1

X = Known X — tan s A (chamfer length + clearance) +
Tan 4 % (tool radius) — tool radius

Z = Known Z + clearance

Pos. #2

Known part radius

Known Z — chamfer length + tan 4
— tool radius

(tool radius)

O
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absolute positioning, 125-128, 182,
199
acceleration, 136, 137
accounts payable, 458
Acme, 23, 24
ADAPT, 371
adaptive control, 444447
addresses, 193
alternating current (AC) drive, 22, 23
American National Standards Institute
(ANSI), 43, 44, 137
American Standard Code for
Information Interchange (ASCII),
104
APT, 371
arc center, 185, 205, 234
area clearance, 240
automatic guided vehicle (AGV), 442
automatic tool change, 59, 176
Automatically Programmed Tools
(APT), 345, 371-379
geometry statements, 373, 375, 376
initialization statements, 373, 375
tool change statements, 373, 377
tool motion statements, 373, 377—
379
termination statement, 373, 379
AUTOSPOT, 371
axes of motion, 7, 13, 195-198
axis identification, 193

backlash, 23

ballscrew, 23-25

bar code, 442

bar feeder, 92, 93

BASE statement, 357
batch, 364

bench mark, 335

binary code, 101-103, 105
billet, 93

bit, 105

block, 105, 182, 193, 284
block-by-block run, 109, 245

block delete, 145—147, 232, 233
block numbers, 183, 184, 193

bolt hole circle, 141-143, 290, 291
brazed tip, 42

buffer storage, 114

business planning, 453

calculations, 233-238, 309-333
exercises, 314—-333
caliper, 447
canned cycle, 99, 122, 137, 138, 213—
217, 334
capacity requirements planning, 458
carbide grades, 41, 43
cartridges, 43, 50, 56-58
cassettes, 112
cast iron structures, 20
cathode ray tube (CRT), 97, 341
cemented carbide, 41, 42
center locator, 168
center point, 202
central processing unit (CPU), 391
ceramic structures, 20
character, 105
check surface, 377
chip breaker, 42, 43
CIMCAM, 401, 402-433
Cimlinc, 394-433
circular interpolation, 86, 122, 124,
128—136, 194, 199-213, 334
multiquadrant, 135, 202-211
single block, 211
360°, 135, 205, 211-213
CL data, 346, 362-364, 379, 381-386
Compact II, 346, 362-364, 379
APT, 381-386
clockwise movement, 7, 13, 128, 202,
203
closed loop, 11, 29, 445
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CNC program, 427
column, 103
Compact II, 345, 352, 354-370, 371
examples, 365-370
geometry statements, 357—358
initialization statements, 355-357
tool change statements, 358—360
tool motion statements, 360—362
termination statement, 362
compensation, 67, 71-74, 225-232,
295, 449
computer-aided /assisted part
programming, 335, 344-386
APT, 371-379
Compact II, 352-371
language based, 346—386
computer-aided design/computer-aided
manufacturing (CAD/CAM), 336,
371, 389-391, 449, 450
computer-aided engineering (CAE),
390
computer-aided process planning
(CAPP), 335
computer installation, 335
computer-integrated manufacturing
(CIM), 339, 391, 449-459
computer numerical control (CNC), 1,
3
capability, 3
computer program, 427
concrete structures, 20
conditional expressions, 224
constant surface cutting speed, 154
continuous loop tape, 100
continuous path machining, 122, 123
contouring, 122, 123, 194
conversational data input, 97, 116,
119, 162
conversational part programming, 284—
308
examples, 296—-306
conveyor, 442
coordinate dimension, 9
counterclockwise movement, 7, 14,
128, 202, 203
CRT screen, 97
cursor, 342, 394
grapics, 394
icon, 394
popup, 394
cutter diameter compensation/offset,
229-231
cutter image, 388

cutter location data file, 346, 362—-364,
379, 381-386
APT, 381-386
Compact II, 346, 362—364, 379
cutter radius compensation/offset,
229-231, 387, 388
cutting speed, 97, 152, 193
cutting tools, 41, 358

data format, 191-194
data input, 9, 95, 97
conversational, 97
manual, 97
data preparation, 95, 96
datums, 8082, 85, 148, 149, 167,
198, 233
fixed machine, 148
machine, 148, 167, 198
program, 148, 149, 167, 198
zero, 148, 167
deceleration, 136, 137
deflection, 21
diameter compensation/offset, 229—
231
digitizing, 439
digitizing tablet, 341, 391
dimensional accuracy, 80—82
dimensional stability, 33—36
direct current (DC) drive, 22, 23, 28
direct numerical control (DNC), 114,
336, 339, 440
documentation, 173—182
operation sheet, 173, 187, 188
program listing, 187
setup sheet, 173—175
tool sheet, 179, 188
drive surface, 377
dry run, 109, 243
dynamic loading, 17-19

Electrical Industries Association (EIA),
104, 105, 116-120, 124, 137, 183

electronic probe, 168

electronic storage unit, 114

elliptical profile, 334

emergency stop, 233

encoder, 30, 31

end effector, 93

end point, 202

fabricated steel structures, 20
face milling cycle, 140, 289

family of parts, 222, 436
fanfold tapes, 100
feed, 7, 152, 157-160, 182, 184, 193,
358
feedback, 11, 445
feedrate, 97, 157—-160, 184, 193, 285
feedrate override, 159, 160
fiber optic tape reader, 99, 102
financial analysis, 458
financial management and business
control, 458
finish point, 131-126, 205
fixed block format, 105, 191, 192
fixed cycles, 137-145, 213
nonstandardized, 139-145, 213
standardized, 137, 138, 213
fixed machine datum, 148
fixed sequence, 191, 192
fixed zero, 198
flexible manufacturing system (FMS),
439-444
floating zero, 148, 198
floppy disk, 114
format, 105, 191, 192
fixed block, 105, 191, 192
tab sequential, 105
tape, 105
variable block, 105, 191, 192
word address, 105, 191
form tool, 176

gage length programming, 226
G code, 116-118, 124, 183-185, 187,
193
general ledger, 458
geometric construction, 347, 348, 372
geometric definition, 347-352, 357-
358, 372, 375-376
circle, 348, 350, 353, 365, 373,
375, 376
direction, 347, 350
identity, 351, 352, 372
line, 347, 349, 353, 365, 373, 375,
376
point, 347, 348, 353, 365, 373,
375, 376
geometric elements, 346, 372
geometry labels, 357, 372
geometric tolerances, 167
geometry verifications, 357
graphical numerical control (GNC),
386
graphic image, 342

533

graphics cursor, 394, 395
graphics icon, 391
graphics screen, 391
gripper, 93

gothic arch, 24

grid plate, 84, 85, 87

helical interpolation, 122, 292
hardware configuration, 338
high-speed steel, 41
horsepower monitoring, 13
hydraulic clamping, 14

icon, 394, 404
icon cursor, 394, 396
IDENTification statement, 356
inch programming, 154
inches per minute, 7, 157
inches per revolution, 7, 157
inches per tooth, 157, 158
incremental positioning, 125-128, 182,
199
indexable inserts, 42, 43, 45, 47, 48,
52, 53, 176
indexer, 13, 86—-88, 198
information flow, 451
initialization statements, 355-357, 373,
375
APT initialization, 373, 375
BASE, 355-357
IDENT, 355-357
INIT, 355-357
MACHIN, 355-357
SETUP, 355-357
INITialization statement, 356
inprocess measurement, 11, 447-449
input media, 97, 99, 112, 114, 341,
391
conversational input, 97
direct numerical control (DNC), 114
electronic storage unit input, 114
keyboard input, 341, 391
magnetic (floppy) disk input, 114
magnetic tape input, 112
manual data input (MDI), 97
tape input, 99
integration, 459
interactive, 346, 358, 364
interactive headline, 391
internal stops, 84
International Standards Organization
(ISO), 43, 46, 104, 105, 183
I value, 131-136, 203, 204
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inventory management, 457
inverse video, 394

jog, 147

jog retract, 147

joystick, 342, 391

J value, 131-136, 203, 204

K value, 131-136, 203, 204

laminates, 99

language-based system, 346—386

laser, 449

leading zero, 193

leadscrew, 23

lead time, 451

left mouse button (LMB), 392, 394,
395

length offset/compensation, 69—71

light pen, 341, 391

limit switch, 442

linear coordinates, 199

linear interpolation, 119-122, 124, 194

location, 78—86, 166, 170

logon, 336

loop programming, 137, 139, 220, 290

machine control unit (MCU), 9
machine datum, 148, 198
machine language, 364
machine layout, 355
machine slide movement, 6, 13, 26, 27
machine specifications, 163, 164
machine spindle, 13, 21-23
MACHINe statement, 356
machine structure, 20
machine zero, 149, 198
machine center (vertical /horizontal),
17, 18, 124, 196, 197
machining cell, 440-444
machining curves, 397, 400
machining mode, 406
macro, 137, 144, 213, 221, 436
magazine, 176
magnetic disk (floppy), 114
magnetic tape, 112, 113
mainframe, 335, 336, 391
man-readable message, 233
manual data input (MDI), 97, 124, 162
manual part programming, 162, 245—
284
examples, 245-284

MAPICS (Manufacturing, Accounting
and Production Information
Control System), 456

marketing and physical distribution,
458

master production schedule planning,
458

material file, 285, 286

materials requirements planning, 458

mean value, 213

menu, 341, 342

middle mouse button (MMB), 392,
394, 395

mini, 336, 391

meters per minute, 7

metric programming, 154

M function/code, 119, 120, 183, 184,
187, 193

microcomputer (micro), 334, 335

millimeters per minute, 7, 157

millimeters per revolution, 157

millimeters per tooth, 157, 158

minus (=), 105

minus movement, 7, 124

mirror image, 144—146, 225, 295

miscellaneous function, 118-120, 183,
184, 187, 193

modal, 116—118, 184

monitoring, 442

mouse, 342, 391, 392, 394-396

mouse button, 392, 394, 395

left mouse button (LMB), 394, 395
middle mouse button (MMB), 394,
395
right mouse button (RMB), 394, 396
multiaxis contour programming, 371
Mylar, 99

nesting, 143—145, 218
network, 336
nonstepping motor, 28
numerical control (NC), 1

offline, 335

offsets, 64, 68—74, 225-232, 449
open loop, 11, 28, 29, 448
operation sheet, 173, 188
operation execution, 453
operation management, 453
optical gratings, 31, 32

optional stop, 148, 233

order entry, 458

overhang, 21
override, 152, 159, 160

pallet, 88, 89, 440

parameter, 221, 436

parametric programming, 144, 221—
224, 436-439

parametric variables, 144

parity, 105

part boundary, 358

part geometry, 357

part programming, 116, 162—-308

pattern, 137

peck drill cycle, 214

perforated tape, 99

photocells, 31

photoelectric device, 442

photoelectric tape reader, 99, 102

pitch circle, 141, 142

plant operations, 457

plotter, 109

plus (+) movement, 7, 124

pneumatic clamping, 14

pocket, 240

pocket milling cycle, 140, 141, 240,
290, 291 :

point definition, 224, 225

pointer strokes, 391

point-to-point positioning, 119, 121,
194

polar coordinates, 86, 135, 199

popup cursor, 394, 395

popup menus, 391, 393, 399

positional feedback, 11, 29-32

postprocess, 162, 345, 346, 364, 386,
387, 427

preparatory function, 116—118, 183—
187, 193

preset tooling, 64, 66—68, 179

preset zero, 167

probe, 446, 449

procedure, 163, 164

part programming procedure, 182

process monitoring /tracking, 451

processing, 165, 166, 309, 335

processing center, 444

production control, 457

product data management, 458

production monitoring and control, 458

production planning, 458

profile intersection point, 234

program datum, 148, 149, 167, 198
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program definition list, 352

program listing, 187, 189-191, 242—
245

program proving, 95, 242-245

program stop, 148, 233

program zero, 167, 357

programming, 95, 162—-308

proving, 242-245

proximity sensor, 442

puck, 341, 391

punched tape, 106—-108

purchasing, 458

Pythagorean Theorem, 310, 311

quadrant circular interpolation, 202,
204-213
qualified tooling, 66, 179

radius offset/compensation, 71-74,
229, 231, 387, 388

ramp down, 136, 137

ramp off/on, 231

ramp up, 136, 137

repeatability, 16

replacement tooling, 179

resolver, 31

revolutions per minute, 154, 155

rewind, 182

rewind stop code, 182

right mouse button (RMB), 394, 396

robot work-handling devices, 339, 440

rotary axes, 7, 13, 198

rotary movement, 13, 198

rotary table, 13, 86—88, 198

rotate, 142, 143

rotation, 202, 203, 292, 293

routines, 99

safety, 37-39, 45, 55
scaling, 145, 147, 293-295
screen menu, 342

screw cutting cycle, 287, 289
servo motor, 6

set-up, 173—-175, 355

SETUP statement, 356
sequence mode, 406

sequence of operation, 162, 165
simulation software, 444
simultaneous engineering, 451
sine rule, 312-314

single cycle, 109

single keyboard input, 391
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sister tool, 446, 447

slash delete, 145-147, 232, 233

slide drive, 28

slide movement, 6, 9—11, 124, 182,

194-198

complex movement, 9
dimensional definition, 124
synchronizing movement, 10
verification of movement, 11

slot milling cycle, 140, 141, 290

soft jaws, 84

sound sensor, 447

source program, 354-370, 373-379
Compact II source, 354-370
APT source, 373-379

span, 397

special tool, 176

specifications, 163, 164

spindle, 13, 21-23

spindle drive, 22, 23

spindle speed, 97, 154156, 184, 193,

285, 358

spindle speed override, 159, 160

start point, 131-136, 202

static icon, 394, 404

static load, 17-19

static menu, 394

stator, 30, 31

stepping motor, 28

steady rest, 90, 91

stock removal, 240, 286

storage retrival system, 440

stored cycle, 144

stylus, 341, 446

subroutine, 137, 144, 218

super micro, 337

super mini, 336

supplier performance, 451

surface cutting speed, 156

surface finish, 153

surface sensing probe, 446

surface roughness file, 285, 286

tab sequential format, 105

tablet, 391

tailstock, 89

tape format, 105

tape input, 99-112

tape proving, 109, 243, 245
block-by-block run, 109, 245
dry run, 109, 243
single-cycle run, 109
test run, 109, 243

tape reader, 99-102
fanfold tape, 100
fiber optic reader, 102
loop tape, 100
photoelectric reader, 102
reel tape, 101
tape standards, 101, 104, 106
target point, 131-136, 205
telephone modem, 336
temperature, 33-36, 445
terminal, 336
termination statement, 362, 373, 379
Compact 1T (END/FINISH), 362
APT (FIND), 373, 379
test run, 109, 243
text macro processor, 391
three-dimensional CAD/CAM, 391
thrust, 21
time share, 336
titles (popup menus), 394
tolerance band, 213
tool address, 193
tool change data statement, 358-360,
373, 377
Compact II statement, 358-360
APT statement, 373, 377
tool change position, 178
tool changing, 14, 59
tool clearance plane, 214
tool compensation, 225-232, 295, 449
tool holders, 43, 49, 51, 54, 55
tool identity, 59, 176, 184
tool layout, 181
tool length offset, 168
tool library, 360, 397
tool life, 153
tool magazines, 62—65, 176
tool motion statements, 360-362, 373,
377-379
Compact II, 360362
APT, 373, 377-379
tool offset, 225-232
tool path, 238-242, 363
tool radius offset/compensation, 229—
231, 449
tool selection, 176
tool sheet, 180, 188
tool station, 59
tool storage, 176
tooling system, 59, 60
torque, 23, 445, 446
torque monitoring, 13, 445, 446
torque variation, 445, 446

total machine control, 5

touch sensor, 449

track, 103

tracker ball, 342

trailing zero, 193

transducer (rotary, optical), 29, 30, 33,
449

translate, 162, 292, 293

trigonometrical ratios, 311-314

tumble box, 101

tungsten carbide, 41

turning center, 17, 18, 124, 196, 197

turrets, 61, 62, 176

turret reference point, 355, 357

two-dimensional CAD/CAM, 391

UNIAPT, 371

units, 182

user-defined cycles, 144, 217-220
user interface device, 391

variable block format, 105, 191, 192
vector refresh, 342

vision, 449

visual display unit, 178

warning, 446
wiggler, 168
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word, 105

word address format, 105, 162, 182—
185, 191

work chutes, 444, 445

work holding (mechanical, pneumatic
and hydraulic), 14, 78, 79, 166

work loading (manual and automatic),
91-93

work location, 170

work station, 336

work support, 88—91

zero, 148, 149, 167, 198, 357
absolute zero, 357
fixed zero, 198
floating zero, 148, 198
machine zero, 149, 167, 198
preset zero, 167
program zero, 149, 167, 198
reference zero, 167
zero datum, 148, 167
zero offset, 149, 150, 198
zero shift, 84, 148, 198
zero datum, 148, 167
zero gage length programming, 226
zero offset, 149, 150, 198
zero shift, 84, 148, 198



