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Fig. 2. Lathe with 3 axes and driven tools
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Fig. 2.1 Milling machine with 3 axes
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Hardware:

Processor 2 GHz, RAM 4 GB, Internet connection,
USB data port

Disc Capacity:

Approx. 3.3 GB for full installation

Operating System:

Windows 7 SP1 (32 and 64 Bit) (no: Starter, Web
Edition, Embedded)

Windows 8.1 (32 and 64 Bit) (no: RT)

Windows 10 (64 Bit) (no: Mobile, Mobile Enterpr.)

User Settings:

PC administrator rights required for installation and
use

License:

The machines examined in the course (DEMO-
Lathe and DEMO-Milling Machine) do not require
any license

Fig. 3. Minimum PC requirements

Username:

Password:

Fig. 4. Personal access data to Siemens website
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Fig. 6. Buttons for the selection of the operating environments

=

840D sl 4.8 SP1 HF2

Description:

SP1-spindle (main spindle),
X-axis (linear geometry axis
Z-axis (linear geomelry axis

e it

Fig. 5. Starting window of the simulation program
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Fig. 7. Buttons for cursor movement and data entry
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Fig. 8. Technical drawing of the introductory workpiece of the course
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Fig. 9. Organization of the programs on the PROGRAM MANAGER page
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- C3Part programs
&} 3 Subprograms
& = Workpieces

& 3 CHAP_83
& £ CHAP_B4
& 3 CHAP_B5
& (3 CHAP_B7
& (I CHAP_18
B (3 CHAP_11_

89/82/11 9:686:21 AM
89/82/11 9:86:21 AM
85/26/13 9:868:11 PM
85/28/13 9:88:89 PM

B:89 PM

Yes ¥ 8:89 PM
3:69 PM
i 1 89 M

3:18 PM

& £ CHAP_15_2®
& ™1 CHAP_22_97

& £ CHAP_28

& £ CHAP_29_31

& 3 FINISHED_EXERCISES

NC/Workpieces/81_EXERCISES.WPD

WFD
WPD
WPD
WPD
WPD

N7 28] 9:88:18 PM
85/26/13 9:88:11 PM
85/26/13 9:86:11 PM
85/28/13 9:88:11 PM
85/26/13 9:88:11 PM

Free: 2.3 MB

Fig. 10. Dialog box for the import of tooling data
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&- 3 Part programs
G- 2 Subprograms
& A= Workpieces

B0

£ P=81_EXERCISES
-~ BIEMPTY_TOOL_LIST
BB 1581

DIR
DIR
DIR
WPD
INI

89/82/11
89/82/11
85/28/13
85/268/13
2838 86/23/11
1926 86/15/12

NC/Workpieces/81_EXERCISES.WPD

CHAP_83 Read in setup data
El C3CHAP_B4
- : - ) o !
o oo | Do vouwishto overurie altoo data?
E} CCHAP_18
B- 3 CHAP_11_
El CICHAP_1 5_37
~ 1 CHAP_22 2 WPD
G- CHAP_28 WPD 85/26/13
-~ CICHAP_29 3 WPD 85/26/13
& 3 FINISHED _EXERCISES WPD 85/28/13

9:086:21 AM
9:86:21 AM
9:88:11 PM
9:08:69 PM
9:39:18 PM
3:48:14 PM

9:88:89 PM
9:088:09 PM
9:688:89 PM
9:688:89 PM
9:688:18 PM
9:68:18 PM
9:88:18 PM
9:88:11 PM
9:688:11 PM
9:88:11 PM
9:88:11 PM

Free: 2.3 MB

x

Fig. 11. Window for the confirmation and overwriting of the tool data

Blank part: | Shape of the blank part (e.g. cylinder)

XA: External diameter of the blank part (e.g. 80 mm).

ZA: Value of the machining allowance on the front face of the blank part
(e.g. 0.5 mm).

Z1: Length of the blank part. If by pushing SELECT you select
ABSOLUTE (recommended), the length refers to the part zero point,
if INCREMENTAL, the length refers to the front face of the part,
machining allowance included.

ZB: Extension of the face of the blank part from the jaws of the chuck. For

the selection of absolute or incremental the same applies as for ZI.

Fig. 12. Description of the blank part dimensions

NC
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NC/WKS/CHAP_B3/PRG_B3_81

)| &

NC/WKS/CHAP_B83/PRG_B3_81 View |

XD

g

1
; blank part dimensions:9Y

: XA = B8 bar diametery
; 2R = 8.5 machining allowance on front face$§
; 21 = -288 length of finished party

; 2B = -158 extension from jausY i 100 -5 0 5 -

1 i:‘“J“ ch‘c':lls Sl&:‘: B l:ﬁ: g Nll tw“ttms 1.%.:117 ’ N i mmm"?uun‘:“ d::m
N18 VORKPIECE(, ,, "CYLINDER", 192, 8.5, -288, -158, 88)9 ~ : | — .

q B con [gr=omen[p2 " | o8 o [ G [ €

N28 G18 G54 G98Y

N38 GB X488 25889 = |

mo "“ 'Nl) WKS/CHAP_83 !ﬁ;ﬂj__m

N58 SETHS(1)Y

1

NGB T1 D1 ; LEFT HAND ROUGHING TOOLY
N78 G35 51888 M4 ¥

NB8 G8 X82 289

NS8 G1 X6 F8.2 Y

, 44
>

Flg' 13 Progr am Open6d and ready for SlmUIatlon S Fig. l. Disnlav ntios for the okie

v

ARy 80 60 40 20 0
X 368887 -92860Y  0.008 SP1 225688 1 RAD. DALL 0.6
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NC/WKS/CHAP_B3/PRG_B3_81

30
view

Further
in b

.
Details

Prograng,f

CONtrol

X 48.888 2 = -49.988 Y 08.888 S1

T ROUGHING TOOL D1

N128 CYCLES52("temp_con",,6 "", 21081311, 8.1, 8, t Feedrate 88% 080:82:48

5 e | oo a2 " |2 o [0 e 5 0

Fig. 15. Execution of the graphic simulation in single block mode

44
B oo

J0G REPOS JMREFPOINT

[VAR] 1
. .
MDA 10 100
N —

AUTO 1000 §§ 10000
=
RESET B BLOCK

Fig. 16. Activation and setting of the potentiometers for the execution of the program in
automatic cycle
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Fig. 17. Right-hand rule: definition of the axes and their positive motion according to
ISO Standards. The positive motion is always determined in relation to the

. . Fig. 18. Solid of revolution around the Z-axis of the profile described on the plane X-Z
moving path of the tool on the workpiece.
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Fig. 19. Angular orientation of the spindle for the creation of radial holes  Fig. 20. Example of a cylindrical interpolation C-Z
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AN XY, Z

Fig. 22. Right-hand rule to determine the positive motion of the rotating axes
1g. 22. -

Fig. 21. Example of a frontal interpolation C-X
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Fig. 23. C-axis positive programming direction and real movement of the workpiece

Fig. 24. Milling of a key using the real Y-axis
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Fig. 26. Lathe with A-axis
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Fig. 27. Programming scheme
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Fig. 28. Traditional lathe where the tool moves on the workpiece
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Fig. 29. Lathe with real movement of the Z-axis
and of the X-axis on the workpiece
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Fig. 30. Technical drawing created by the program PRG_04_01
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Fig. 31. Technical drawing of the part to create in program EX_04_01
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AR | :
O . Properties of PRG_84_81.MPF
ame Type Length Date Time Execule
- £ Part programs DIR 89/82/11 9:86:21 AM
& 1 Sub DIR B9/82/11 9:86:21 AM = .
> = Uorkpioces DIR 05/28/13 5:08:11 PH i Path: NC/Workpieces/CHAP_84.WPD
- 1 81_EXERCISES WPD 85/28/13 9:88:49 PM _
- 1 CHAP_B3 WPD 85/28/13 9:45:15 PM
@--;cnpm WPD ES 9531 9:68:89 PM _ Name: IPR 6_94?81].NP F
5 €1 CHAP_85 WPD 852813 9:86:89 PM
& C1CHAP 87 WPD 65/28/13 0690 I Created: No data.
&3 CHAP_18 WPD 85/26/13 9:08:18 PM Mark
& 1 CHAP_11_13 WPD 85/28/13 9:88:18 PM
& 1 CHAP_15_28 WPD 85;23,{13 9:08:18 PM changed: w 13,( 12 4:15:28 PM
& 1 CHAP_22_27 WPD 85/28/13 9:88:11 PM Copy f
& 1 CHAP_28 WPD 85/28/13 9:88:11 PM -
- £ CHAP_29_31 WPD asizaffw 9:08:11 PM Rights: Execute l KB&LSUI‘C"I H
& 1 FINISHED_EXERCISES WPD 85/28/13 9:88:11 PM Paste Urit
rite |  Key switch 3
List |  Keyswitch®
NC/Workpieces/CHAP_B4.WPD Free: 2.3 MB .
Read |  Key switch 8
E v B CI N e

Fig. 32. Display of the PROGRAM MANAGER Fig. 33. File properties window
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Name Meaning

G40 Deactivation of the tool radius compensation

G4l Activation of the tool radius compensation left of
contour

G42 Activation of the tool radius compensation right of
contour

Fig. 38. Group 7: Tool radius compensation

Name Meaning
Cancel all adjustable frames G54 - G57 if no value

G500 .
in G500

G54 Settable zero offset

G55 Settable zero offset

G56 Settable zero offset

G57 Settable zero offset

Fig. 39. Group 8: Settable zero offset (frame)

Name Meaning

G60 Velocity reduction, precise stop

G64 Continuous path mode

Fig. 40. Group 10: Precise stop — continuous path mode

Name Meaning

G70 Selects English units (inches and feet)

G71 Selects metric units (millimeter and meter)

Fig. 41. Group 13: Workpiece dimensioning inch/metric

Name Meaning

G90 Absolute coordinate system

G91 Incremental coordinate system

Fig. 42. Group 14: Absolute/incremental coordinate system

Block Word Word Word | ; Comment
Block N10 GO X20 ; First block
Block N20 G2 Z37 ; Second block
Block N30 GI1
Block N40 e e
Block N50 M30 " ; End of program
Fig. 34. Name of the elements constituting the program
Address Meaning
N Address of block number
10 Block number
G Preparatory function
X, Y, Z Path information
F Feed rate
S Number of revolutions or cutting speed
T Tool position
D Number of tool corrector
M Auxiliary function
Fig. 35. Meaning of some addresses
Name Meaning
GO Rapid traverse motion
Gl Linear interpolation
G2 Circular interpolation clockwise
G3 Circular interpolation counterclockwise
G33 Thread cutting with constant lead
G331 Rigid tapping
G332 Return (rigid tapping)
G34 Thread cutting with variable lead
G35 Thread with decreasing lead
Fig. 36. Group 1: Motion commands
Name Meaning
G17 Plane selection 1st - 2nd geometry axis (X-Y)
G18 Plane selection 3rd - 1st geometry axis (Z-X)
G19 Plane selection 2nd - 3rd geometry axis (Y-Z)

Fig. 37.

Group 6: Plane selection

Name Meaning

G94 Linear feed mm/min or inch/min

G95 Rotational feed in mm/rev or inch/rev

G96 Constant cutting speed in m/min or feet/min
G97 Constant number of revolutions in rev./min

Fig. 43. Group 15: Feed rate and rotation type
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Name Meaning

G4 Dwell time preset

G9 Exact stop only in the block where it is programmed
G53 Suppression of current frame

Fig. 44. Self-deleting instructions

Name Meaning

MO Programmed stop

M1 Optional stop activated by the control panel
M3 Spindle clockwise

M4 Spindle counterclockwise

M5 Spindle stop

M6 Tool change (if provided)

M8 Cooling liquid activation

M9 Cooling liquid stop

M30 End of program and return to beginning

M17 End of subroutine and return to main program
M40 Automatic gear change (when provided)

M41 Gear stage 1 (if provided)

M42 Gear stage 2 (if provided)

M43 Gear stage 3 (if provided)

M44 Gear stage 4 (if provided)

M45 Gear stage 5 (if provided)

M70 Spindle with transition to functioning as an axis

Fig. 45. Auxiliary or miscellaneous functions
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NC/WKS/CHAP_B5/PRG_B5_81

3 JOG

-150 -100 =50 0 50
1 1 1 — 1 1 :Zﬂhh
X 76.888 2 -40.888 Y 6.868 51 T ROUGHING TOOL 01
GB X76 ; SHOULDER Rapid trav 168% 88:80:19

Fig. 46. Start of the simulation in order to analyze the program

XA
s 2B

: 88 bar diameter¥

: B8 machining allowance on front facey
: 21 = -2808 length of finished party

: ¢B = —-158 extension from jawsy

1
WORKPIECE(,,,"C -

T

G18 G54 G98 ;G54 First block number =
GB X488 25889 St ' 18
SETHS(1)Y

T
T1 D1 ; LEFT HAND ROUGHING TOOLY

G95 518688 H4 ; SPINDLE ROTATION AND FEEDRATE SETTINGY
F8.2 ; FEEDRATE SETTINGY

GB X82 28 ; APPROACHY

G1 X-1; TOOLING OPERATION: FACINGY

GB X66 22 ; DISENGAGEMENTY

<0 70 E . AaDDDANOCLIET

Fig. 47. Automatic block numbering screen

>




CNC - BASIC PROGRAMMING COURSE

)| 3

NC/WKS/CHAP_B5/PRG_B5 81

: blank part dimensions: ¥

: XA = 88 bar diametexy

: ZA = B machining allowance on front facey

View

- Mold mak.

: 21 = -288 length of finished part¥
: 2B = —-158 extension from jausY -
T Renumbering
WORKPIECE(, ,, "CYLINDER", 8, 8, -288, -158, 88)Y I

T i Open further
G18 G54 G98 ;G54 PART ZERO POINT SETTINGY rogran
GO X488 25889
M8
SETHS(1)Y |
.
T1 D1 ; LEFT HAND ROUGHING TOOLY Settings R '
G95 51868 H4 ; SPINDLE ROTATION AND FEEDRATE SETTINGY ' - S &
F8.2 ; FEEDRATE SETTINGY POln OVCd ’?3:3 ,‘ |
GB X82 28 : APPROACHY Exit - ~ by th¢ NC P
G1 X-1; TOOLING OPERATION: FACINGY ‘ — e ———
GB X66 22 ; DISENGAGEMENTY ‘ : e ' P

"0 J0 FE . AaDDDNACLIET =

Fig. 48. Program without block numbers

- SV G

¥ “
-‘- a + h.
.

Machine zero point

1% o 0 i
i SR P

$ Z e {250

Fig. 49. Machine coordinate system: point moved by the NC referring
to the machine zero point
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Fig. 50. 1: Spindle nose ; 2: chuck with three jaws ; 3: Elastic collet for external hold,
4: Elastic expansion collet for internal hold of the workpiece
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Machine zero point Part zero point
o >e

~200 -150 -100 -5 0

7~

Fig. 52. Definition of the part zero point
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Point moved by the NC

JOG

Workpiece.
X X 8.688 —
0.888 0.600 0.600 8.808| Active
X X 9.808 X

9.080 9.600 9.000 g.o88]
X X 9.600 p.agn| Overview
X 9.800 X X

X X X 0
X X0 X 0.080 |

= 2]
Vs

Fig. 53. Table of work offsets Fig. 54. Tool offset values

Tool Tool 3 Maga- R
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| CNC

SIEMENS | ¢
Reset laliis
Awxiliary
MX1 500.000 T function:
MZ1 000.000
MSP1 0.068° E 6.608
MSP3 0.068° 8.888  mm/min

Delete
JIUGKS

Act. values
Machine

Invalid tool name: ROUGHING _T88 A

4+ Load :
= MDI m- g cntrl

Fig. 55. Page for manual data entry

=
Jog REPOS REEPOINT
Sl
llllll N (VAR] 1
S

D) B Eae
MDA 10 100

9 . B
wro | 1000 [l 10000
RESET BLOCK
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3
&
J06 REPOS REEPOINT
Sl B
TERCH I [{VAR] 1

@' > e
MDA 10 100

9 —i l >
AUTO 1000 10000

Fig. 56. Buttons for the selection of the continuous manual feed
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R

=

106G REPOS REF.POINT

Sl B

TEACH IN [VAR] 1
"3

@]} o —»
MDA 10 100

3 — [l >
AUTO 1000 10000

RESET BLOCK

Fig. 57. Buttons for the selection of the manual feed by incrementation

Invalid tool name: ROUGHING_T88 A

1: 6A1
2
3
6: G18
7: 648
8: G568
9:

18: G686

lﬁ' + 1000
R JOG
. SIEMENS
Reset
o X 20.000 T ROUGHING ToOL RB.868
2 200.000 1 B0 85,600
5P1 8.668 ° F 6.068
Lt 8.608° 8600 mm/min 1.8%]
S1 e %
t!1aster 8 188%

13: 6718
14: 698
15: 695
16: CFC
21: BRISK
22: CUT2D
29: DIAM98

G
functions

Awxiliary

UNcuons

Fig. 58. Touch-off position of the part face in the workpiece coordinate system
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SIEMENS G SIEMENS
‘. Reset “
MXT 103.000 T v oo oo it T oGO0 e
M21  240.000 ; a1} XB.008 1 (01 s
MSP1 0.888 ° 0.668

F 6.608

MSP3 8.868 ° mm/min  1.8%

___b.668
S1 [l 5
o

13: 6718
14: G989
15: G35
16: CFC
21: BRISK Act. values
4 22: CUT2D i

29: DIAM9A
: GG 38: BOHPOF

UL ~
Act, values
Machine
e
| ‘ ~

Invalid tool name: ROUGHING _T88 A

Fig. 60. Current position of the tool after activation of the workpiece coordinate

Fig. 59. Touch-off position of the part face in the machine coordinate system st progranimed BV
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M o
[ MAAT JOG JOG
SIEMENS | Setect ¢ Tool
B esat loc. Type  Toolname  [ST|D |LengthX|LengthZ
L X 90.000 T ROUGHING TOOL .86 _ [ 1,1 83.688 40.860
: 0 249.888 2 A FINISHING TOOL 1 1 94688 48.868
l -0.000 1 &N X88.806 3 T 0DGROOUING W.3MM | 1 1 98.888 48.868 ;
SP1 8.808 ° F 8.688 T 0D GROOUING W.3MM | 1 2| 98.888 37.868 Edges
5P3 5.608° 8.608  mm/min 1.8% 4 [ oD THREADING 1 1 88.888 46.868
S1 Fle % 5 CENTER DRILL D.6 1 1 100.088) 24.808
BB i 6 | s |AX. DRILL D.8.5 1 1 100.88) 56.008
BE654 i 7 | &= nX. TAPPING M18 1 1 1680.888 81.868
Measure: length manual 8 RAD. DRILL D.6 1 1 122.668  06.866 Unload
Yol s I ROUGHING TOOL 01 9 &= AX.ENDMILLD.16 | 1| 1| 180.888 80.808
¥ a0688 ST 1 10 | % RAD.ENDMILLD.3 | 1 1 134088 ©.008 :) =
2 48.888 11  «s AX. DBRILL D.16 1 1 166.868 1206.888 t—o
R 9.008 X8 - 38.08 12 | 33 |ROUGH. BORING-BAR | 1 1| 86.888 92.868 MACHINE Jl PROGRAM Jl OFFSET
13 | 3 |FINISH. BORING-BAR | 1| 1| 84.888 89.808 .
LB Magazine
14 | T ID GROOU. W.3MM 1 1 92088 75088 8. sl _ A\
15 | [ ID THREADING 1 1 88608 95.608  6.208 | ',’,,",,‘:.‘,‘:2;} ATy,
18 | «x A¥ NRILL N 12 1.1 1AAAAR 72 AAAR. 19 AAA 118 A *
: » - > .
= |
= — : MENU
m e | Maga- T Work gre see . 3 | g secect [ ruricrion ] SER

Fig. 61.

Page for the automatic offset by touching the workpiece Fig. 62. Tool list page
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3 U |0DGROOVING W.3MM | 1/ 1| 93.888) 48.886 6.188) | 3.808| | 16.8 @)
T 0D GROOUING W.3MM | 1/ 2 98.688, 37.868, 6.188 | 3.888, | 18.8 = J06
Tool wear MAGAZINT
o el f |

21 |ROUGHING TOOL 1 1 6.068) 0.888| 6.808

2 | 4 FINISHING TOOL 11 0.068| 0.888| 6.800

3 | T 0DGROOVINGW.3MM | 1/ 1 0.888) 0.888  6.880

T3 D1 T3 D2 ‘T /0D GROOUING W.3MM | 1/ 2 8.888] 0.888| 0.888
100~ N ' 7] 4 | [ oD THREADING 1 1 9608 0.008 0.808 I
5 |« CENTER DRILL D.6 1,1 0.868, 0.888| 0.888 7

6 |« AX. DRILLD.8.5 11 0.668| 0.800 0.888

7 | &= aX. TAPPING M18 11 0.688| 0.888 0.888

8 RAD. DRILL D.6 1/ 1| 0.688) 06.808 0.880

9 | §= AX. END MILL D.16 1 1 0.868) 0.888| 6.800

18 | £5 RAD.ENDMILLD.3 | 1/ 1 0.668| 0.800 0.888

11 AX. DRILL D.16 11 0.668| 06.808 0.888

12 | 'y ROUGH. BORING-BAR | 1/ 1 0.888| 0.808 0.888

13 | '3y FINISH. BORING-BAR | 1/ 1| ©.888 0.888, 0.888

14 | I ID GROOV. W.3MM 11 0.688| 0.800 0.888

& 15 | 33 |ID THREADING 11 0.688| 0.800 0.888
TEERTI O RN e R R R LR SR S o i 88 AX NBIL N12 1 AAAAR. A AAA. A AAA 4

;5 1 ¥

Fig. 63. Double corrector used for a 3 mm grooving tool Fig. 64. Tool correction page
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@ JOG
111
Loc. Type Tool name: ST D LengthX Length 2
1 1 1 88.688 40.000
2 | /A FINISHING TOOL 1. 1 94688 46.808
3 U ODGROOVING W3MM | 1 1 98.888| 48.888
T 0D GROOUING W.3MM | 1 2 98.868 37.888
4 [ 0D THREADING 1 1 88.888 46.000
5 CENTER DRILL D.6 1. 1 180.888 24.888
6 AX. DRILL D.8.5 1. 1 166.888 56.888
7 &= aX TAPPING M18 1. 1 166.888 81.888
8 RAD. DRILL D.6 1 1 122888, 0.908
9 &= AX. END MILL D.16 1 1 1680.888 80.868
18 | &5 RAD. END MILL D.3 1 1 134088 ©.008
11 | «s AX. DRILL D.16 1 1 160.888 120.8088
12 | %y ROUGH. BORING-BAR | 1| 1| 86.888) 92.800
13 | '3y |FINISH. BORING-BAR | 1/ 1| 84.868 88.888
14 | I ID GROOU. W.3MM 1. 1 92.688 75.808
15 | (53 |ID THREADING 1 1 88.888 95.888
16 8 A¥ NBII N 12 1. 1 1
0 m Tool g Hgga—- Y Work User

Tool

Edges

Unload

Magazin%

A4

Fig. 65. Impossible to create a new tool when an already existing tool is selected

Setting

Fig.

66. Selection of an empty location for the creation of a new tool

O] AR
JOG
11 !
Lmlm Toolname ST D LengthX Length2 Radius
) LU.b 1 1 164.HH4 24064  b.4oH 118.4
6 | &= AX. DRILL D.8.5 1 1 1686.888 56.888  8.568 118.8
7 | &= AX. TAPPING M18 1 1 1080.688 81.888 18.868 1.568
8 | ¥ RAD.DRILLD.G 1 1 122.688 8.888  6.8680 118.8
9 | &= AX END MILL D.16 1 1 166.668 80.8688 16.868 3
18 | 25 RAD. END MILL D.3 1 1 134.008 8.868  3.888 2
11 | &= AX. DRILL D.16 1 1 1006.688 126.888 16.868 118.8
12 | '3y ROUGH. BORING-BAR | 1 1 86.888| 92.888  0.488 + 93.8 55
13 '3 FINISH. BORING-BAR | 1/ 1 84.888 88.888) 0.208 « 93.8/55
14 | I ID GROOU. W.3MM 1 1 92688 75688 8.168 3.868
15 | 53 /ID THREADING 1 1 88.688 95688 8.268
16 | <= AX. DRILL D.12 1 1 1086.688 72.888 12.608 118.8
17 | @ RAD. DRILL D.4 1 1 114.668 8.688  4.880 118.8
18 | §§ RAD. TAPPING M5 1 1 186.6888 8.868  5.8600 8.868
19
28
<
i m Tool g Maga- > Work R User

New

Magazine.

A4
Setling
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Favorites
Lo Type  Tooimame  SASLULCCS
% | SX CENIEH UHILL U.6 Sﬁé-ﬂ '“Jlol 9"
6 | < AX.DRILL D.8.5 T I
7 | 2= aX TAPPING M18 L :
= 528 - Plunge cutter Drill
8 | RAD.DANLD.S | VS tiren S
548 - Threading tool
9 | 8= AX. END MILL D.16
558 - Button tool
18 | &5 RAD. END MILL D.3
- 568 - Rotary dril
11 AX. DRILL D.16 .
588 - 30 turning probe
12 | 3 ROUGH. BORING-BAR 798| 5tep
13 | 23 FINISH. BORING-BAR - Turntools I EXAMPLE 1 1| 086.6868 46.686 6.166 3.8 16.8
128 - End mill
14 | I D GROOU. W.3MM i e B-59¢ . .
15 | [ ID THREADING Tt s""'m o Fig. 68. Creation of a new tool
16 | &= AX. DRILL D.12 A Spec.tool
17 | ¥ [RAD. DRILL D.4 SRl '88-98¢
18 | {¢ [RAD. TAPPING M5 D
19 x
m LAdlLE
| v
UK

Fig. 67. Selection of the type of new tool to be created and position of the cutting edge

BASIC PROGRAMMING COURSE
0 hine
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_@ JOG

Generat

g@?a'tpmgrams DIR 89/82/11 9:86:21 AM Save setup data

-2 Subprograms DIR 89/682/11 9:86:21 AM

£ PSWorkpieces DIR 85/28/13 9:88:11 PM
(2 81_EXERCISES WPD 85/28/13 9:88:69 PM
©3CHAP_83 WPD 85/28/13 9:45:15 PM Complete tool list =~
£ CHAP_B4 WPD 85/28/13 9:88:89 PM Save |
-C1CHAP_B5 WPD 13 9:88:89PM | | | | |

- B PRG_87_81 MPF 626 85/21/13 8:28:18 PM e s e . Yes D

CICHAP_18 WPD 85/28/13 9:88:18 PM |
-CICHAP_11_13 WPD 85/28/13 9:88:18 PM e
C1CHAP_15_28 WPD 85/28/13 9:88:18 PM . PUNILG D
-C3CHAP_22_97 WPD 85/28/13 9:88:11 PM

Yes

3 CHAP_28 WPD 85/28/13 9:88:11 PM -
& CICHAP 29 31 WPD 85/28/13 9:88:11 PM M ’ t
& (1 FINISHED_EXERCISES WPD 85/28/13 9:88:11 PM | e 1 -
MACHINE [ PROGRAM Jll  OFFSET

= I

CHAP_B7_TMZ

Fig. 69. Saving of tooling data Fig. 70. Window for the saving of tooling data

C/Workpieces  Free:23MB| <« 2]
| MENU MENU MEMU
; USB SELECT QM FUNCTIONE USER
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[‘:‘.ﬁlllill.f{; N ]

1} |
)
VPt

.‘@"“ll"“mf |

- 3\\\8:"«\;&;%&;«1:

| D x mr x RPM |

Fig. 72. Distance traveled by the tool in one minute with rotating workpiece

DxzxRPM
CS: e N

Fig. 71. Distance traveled by the tool in one revolution 1000 m in

Fig. 73. Formula for the calculation of the cutting speed
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oy — 1:000 X Cs

Fig. 75. Inverse formula for the calculation of the number of revolutions
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rpm

LIMS = rpMmax

max

D_ 1000 xCs
7T X N(max)

D = max D=0

Fig. 76. Graph for the evolution of cutting speed at variation of working diameter, at

constant number of revolutions £
D=0 D = max

Fig. 77. Graph for the cutting speed trend beyond the number of revolutions threshold

| CNC
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Working diameter Number of revolutions Cutting speed
(mm) (r/min) (m/min)
50 764 120
f13
62 140 @ Sl
&} 1 Subprograms DIR 89/82/11 9:686:21 AM
19 . 85 mmumw 9:88:11 PM
5 e, 100 | - Shoplum
Name WORKPIECE 1 : programGUIDE
55 1200 | e ‘ ' A
8 1200 | e,
62 650
"""""""""""""" R -
............................ 2000 40 . :
Fig. 79. Creation of a new program
............................ 2000 220

Fig. 78. Exercise for the calculation of the cutting speed, the number of revolutions and
the diameter from which the cutting speed begins to decrease
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Cut length Feed rate Number of Time necessary
(mm) (mm/rev) revolutions (rpm) (seconds)
60 0.3 840 | e, —% JOG
Name Type Length Date Time Execute
&- 3 Parl programs DIR 689/82/11 9:86:21 AM
& €3 Subprograms DIR 89/82/11 9:686:21 AM
6[} ﬂ. I 2- 1 100 ....................... E bumces nm ww13 9:“:11 m Nw ‘]‘
B £ 81_EXERCISES WPD 85/28/13 9:80:89 PM L
& PSCHAP_B3 WPD 85/268/13 9:45:15PM
24 D - ]. 1260 ....................... é_ m c“nP_s‘ um ww‘3 9:“: m
B S CHAP_BS WPD 85/26/13 9:86:89 PM
&- COCHAP_B7 WPD 85/26/13 9:688:89 PM
18 0.06 780 & 3 CHAP_18 WPD 85/28/13 9:86:18 PM Mark
e - COCHAP_11_13 WPD 85/28/13 9:88:18 PM
& S CHAP_15_28 WPD B85/28/13 9:66:18 PM
&- COCHAP_22_27 WPD #5/26/13 9:88:11 PM
B £3CHAP_28 WPD 85/26/13 9:688:11 PM
22 0.14 1530 | & £ CHAP 2931 P 85/%8/13 9.88:11 PM rﬁ—-. :’
G £ FINISHED _EXERCISES WPD 85/26/13 9:88:11 PM -
macking [ procram | oFseT
80 0.18 2100 IEI 3
M
MaNAGER | ALARM
66 0.05 1400 | NC/Workpieces/ CHAP_B83.WPD Free: 2.3 MB @
MENY MENU MENU
seLecT Jl FuncTion ]l  user
43 0.25 600 | .

Fig. 81. Saving of folders and programs in an external memory

Fig. 80. Calculation exercises for the time needed for the tool to execute a pass
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KD

j EET

Fig. 82. Origin of the axes in the absolute coordinate system referring to the part zero
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Point 4 Point 3 |

T Point 1
o Q0 WO <
Q0 D Iy <
8 ] = = =

v/ e

200

20 HOUR PROGRAMMING COURSE

1 |

| Blonk: Cylinder XA 80 LA 0 ZIv =200 ZBr —120

Fig. 83. Design values referring to the part zero point.

| CNC



CNC - BASIC PROGRAMMING COURSE

NG
-130

-100

‘&2

_153

100

3
-100
N
X0, Z0_ |1X0
| X0
-0
__1.00 i ! !
-150 -100 -0 0
= & i X & £ 1 : L M & R M L 2 7.*_
Fig. 84. Origin of the axes in the incremental coordinate system
ct CNC
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i G12Z-25 | M | G1 X40 Z-38

e

Fig. 86. Movement of the tool along the Z-axis Fig. 87. Linear interpolation with tool moving along the axes X and Z
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—r

_130

=

<Value of K

Inclination angle

-10 a 10

t N ! h | b x |
| '. ’; ‘ l ! ' | E ‘ L‘ J -." ' | ‘!" ‘ . | 5
a s } A g | 2 .A‘ 3 -
L A 2 | MINSRINIGI RIS RIRINTRIRARIRIE 2

Fig. 89. Lead value to be programmed in a conical thread executed with G33
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| CNC

20 HOUR PROGEAMMING COURSE

CNL —

60 chamfers 1x45°

032
@40
@48
260

80

[ES

Blank: Cylinder XA 60 ZAr 0.4 £l =IleES LB: =B0

Fig. 90. Example of the programming of an external turning
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e

Fig. 91. Elimination of the facing witness mark
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Lol

() =

v 30

O] "

) 3 1.5%x435°

LD

A

|_

-3

=

<1

0% - -

LD EUI

|: 2

(¥

ol A i

1)

v LA
—i

= =

=

(-

s » 86 |

I

-

e

O

Blank: Cylinder XA 20 Z&: 0.4 Zl: —86 LB —4]

Fig. 92. Example of the programming of a threaded workpiece
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round

G1

Z
Fig. 93. Round between two line by means of the RND function

 cmeomm
BASIC PROGRAMMING COURSE
BASIC PROGR
=5 - —
| enc webschool

Fig. 94. Round between a line and a circle arc by means of the RND function
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A
90°
Cutting direction

G1
-

chamfer y

./\
X bisector

V4

Fig. 95. Chamfer executed between two lines by means of the function CHR or CHF Fig. 96. Scheme for the definition of the angle by means of the function ANG
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Ll = =11 - chamfers 1x45°
o .
O 38
E} L _
= 7 s | e |
/ =
= =
o
ll B ™ i
= I
-
"I..-‘ l:"'._ f_'l'_", 3
Lo . | — i — — :  e— () =3 w3
] = = =
'
ull
4
. P
1]
4 7
)
@) ”
80
| =
—

¢ IE o
Pl
]

Blank Cwvlinder “he Bl Zar 0.4 Zh =125 LB =80

Fig. 97. Programming of a profile by means of the functions CHR, FRCM and ANG

| CNC
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Previous program created by
programming the arrival point
coordinates.

New program created by the
direct programming of chamfers
and angles.

)| &

s FINISHING OF THE PROFILE
T2 D1

G95 S1800 M4
GO X30 Z2

Gl Z0 FO.1
Gl X32 Z-1
Gl Z-22

Gl X40 Z-38
Gl X466

Gl X48 Z-395
Gl Z-60

Gl X58

Gl X600 Z-61
Gl Z-62

Gl X6l
GO X200
GO Z200

M30

;FINISHING OF THE PROFILE
T2 D1

G95 S1800 M4

GO X26 Z2

Gl Z0 FO.1

Gl X32 CHR=1 FRCM=0.04

Gl Z-22

Gl Z-38 ANG=166

Gl X48 CHR~1
Gl Z-60

Gl X60 CHR=1
Gl Z-62

Gl Xel
GO X200
GO 2200

M30

Fig. 98. Comparison between the two programs which create the same profile: in the

left column by means of the point to point programming, in the right column
by using the direct programming functions CHR, FRCM and ANG

e — —— —— ——
e B L —" e ;’pl.-.-' .'_'.‘;? Ao e

Blank Cylinder
XA 50.8680

‘A 8.3688

Pd -10806.888 abs
28 (78608 fabs

& edt | E oriting | mE M |l PO | E Milling

Fig. 99. Page for entering the blank part data

Graphic

x

v

>
Sin.lu- @ Ex-
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®o0

/0

NC — 50 HOUR PROGRAMMING COURSE

100

o
-

Blank: Cylinder Xa 50 Za: 0.3 ZI =100 B —70

[ Fig. 100. Enter the missing data for the execution of this profile
CNC
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NC/WKS/CAP_11_13/PRG_13_81 NG/WKS/CAP_11_13/PRG_13_81

v \'4

V \'4
O = U T T %0 | 50 -40 -3 20 -0 0 10 20
L - —— I ? - | L 1 ] I £= ] E ey e e P
Fig. 101. G2 : circular interpolation in clockwise direction Fig. 102. G3 : circular interpolation in counterclockwise direction

| CNC
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& 30 _
¥
|
]
L)
7]
£
= i
=z
z |
'I... - -
_J cu =
] = =
(¥
(L
I“_‘_r:'L
Ii'
=
.
L)
|
L)
-
)
| ‘ Blank: Cylinder X o 40 Lo 0 ZI: —8H( ZBr —3l

Fig. 103. Programming of an arc by means of the radius center coordinates

| CNC
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Fig. 105. Round between a radius and the following line by means of G2 and RND
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Fig. 106. Chamfer between a radius and the following line by means of G2 and CHR

Fig. 107. Use of the function G3

BASIC PROGRAMMING COURSE
‘‘‘‘‘
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14895

Channel 1: Block H188 radius for circle programming too small

Fig. 108. Type of alarm displayed in the event of a programming error in a radius

Tool list MAGAZIE

loc. Type  Tool name ST D LengthX Length2 @ J“"'o

1 (=1 ROUGHING TOOL 11 88088 40.088 0.888 ¢« 93.8/55/11.8
9 1 FINISHING TOOL 11 94008 40.088 0.288 ¢« 93.8/55/11.8
3 T 0DGROOVING W.3MM | 1/ 1| 98.008| 48.088 0.188  3.868| |18.8
4 [ 0D THREADING 11 88088 46.008 0.208

5 CENTERDRILLD.6 | 1 1/ 108.868| 24.888] 6.808  118.8

6 & AX. DRILLD.8.5 1/ 1) 160.088] 56.088 8568 | 118.8

Fig. 109, List of tools to be created and used in the test program

Tooling Tool Operation Cutting speed Feed rate
sequence (m/min) (mm/rev)
1% T1 D1 Roughing 100 0.18
g nd T2 D1 Finishing 120 0.12
g rd T3 D1 Groove 78 0.1

4th T4 D1 Threading 60
g5 th T5 D1 Center drilling 80 0.08
6h Té6 D1 Hole D8.5 80 0.1

Fig. 110. Sequence of tooling operations and cutting parameters to use in the test




CNC - BASIC PROGRAMMING COURSE

| CNC

wWorkpiece zero point is on the part front face

c4
CxX490°
1540 A i ]'O
1x45°
i \ -
No Q0 m‘ o e P s e o<
2 o o =———FhF <

NN
=
. I
e
P12
M16x2

68

|
!

CNC - 50 HOUR PROGRAMMING COURSE

Blank: Cylindre XA 36 A 0.2 /1t —68 /Bt =26

Fig. 111. Drawing of the part to create
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Point moveci »y the NC

Fig. 112. Offset points on the X-axis and Z-axis with tool radius

Fig. 113. Point moved by the NC after the tool offset
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Cuténg edge on diameters

Cut(ing edge on shoulders

Fig. 114. Absence of changes due to the tool radius on diameters and shoulders

Fig. 115. Dimensional error caused by the insert radius during the execution of conical
turnings
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. . t
' ' ition with respect to the zero poin
N : »- ircular Fig. 117. Quadrant code defining the radius positio
: ' lus during the execution of a cir
' by the insert radius
Fig. 116. Error caused by
interpolation

MMMMMMMMMMMMMMMMMM




CNC - BASIC PROGRAMMING COURSE

G42: the tool is orJ— the rightl
side of the profile

of the t%ol

Fig. 119. G42: radius tool 0.2, quadrant 3, to the right of the profile

Fig. 118. Quadrant code 0 or 9 for tools offset at the radius center
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Cutting direction
/ of the tool

G41: the tool 1s on the left side
of the profile

Fig. 120. G42: radius tool 0.8, quadrant 1, to the right of the profile

Fig. 121. G41: radius tool 0.8, quadrant 2, to the left of the profile

BASIC PROGRAMMING COURSE
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Fig. 122. G41: radius tool 0.2, quadrant 4, to the left of the profile

Fig. 123. Enabling and disabling block outside of the profile
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Lol
L)
¥
=)
1
UJ
-
Pl
—
=
<L
¥
J
[ 1
¥
s
a4
=1
L]
1l
-
L)
I
-
s
-

Blank: Cylinder Xar 60 /A0 0.2 /1t =85

Fig. 124. Drawing of the part to create
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| CNC

AX. DRILL D.16

1

1

188.888

120.088

16.888

118.8

1 | ss
2%

ROUGH. BORING-BAR

1

1

92.888

B.488

-

93.8

95

Fig. 125. Data of the new tools to create for the execution of the cycle
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4z
c .
28
/ —
+X

Fig. 126. The same right hand rule applies both to the lathe and to the mill.

| CNC
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Y-axis

X-axis e

Fig. 127. Positive direction of the axes: the arrows show the movements of the tool
compared to the workpiece

BASIC PROGRAMMING COURSE

Fig. 129. Horizontal mill
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Fig. 131. B-axis in a machining center

Fig. 130. C-axis in a machining center
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), YO, Z(
\ \\,amex“ , G54 TRANSZ..
G

1 2
Fig. 135. Use of TRANS: 1:in a lathe; 2: in a machining center

Fig. 134. Position of the machine zero point and values to enter into the zero offset
function for the definition of the part zero point

BASIC PROGRAMMING COURSE
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|
:

I
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2

Fig. 137. Measuring system outside the machine
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SIEMENS

Overview

= Machine View Extras Help

.....

Description:

SP1-spindle (main spindle).
X-axis (linear geometry axis).
Y-axis (linear geometry axis),. .

LATHE: 50 Hour programming
Course

MILL: 50 Hour programming

840D sl 4.8 SP1 HF2 o 840D sl 4.8 SP1 HF2

O

Fig. 138. Start-up of the mill in the training software
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: wuwuw.cncuebschool.conY

T

; dat

1 DO pClio i

T

T

H38Y
1 | &% [CUTTER 4 1/ 1| 65680 4.600
2 | &5 [CUTTER 6 1/ 1 120.888  6.808
3 | g5 [CUTTER 18 1/ 1 156.888 16.800
4 | &3 [CUTTER 16 1/ 1 118.888 16.880
5 | g% [CUTTER 28 1/ 1 100.888 26.808
6 | &% [CUTTER 32 1/ 1 110.888) 32.808
7 | &% [CUTTER 68 1/ 1 116.808 68.868

i >

NC/WKS/CHAP 32/PRG_B8
: www.cncwebschool.cony

T

: data entry program testy

Fig. 140. Completion of the direct tool call instruction in the program

L om  —— — JEA <
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Blank part: Block Centered
W: Side of the rectangle positioned along the Y-axis.
L: Side of the rectangle positioned along the X-axis.

Blank part: Cylinder
XA: Cylinder diameter.
_ Position of the upper face of the workpiece referring
ZA: .
to the part zero point.

Z1 Distance from the lower face of the workpiece:

- absolute: referring to the part zero point.

- incremental: referring to the upper face.

Fig. 143. Description of the blank part dimensions: BLOCK CENTERED

Fig. 141. Description of the blank part dimensions: CYLINDER

Blank part: Pipe
XA: External diameter of the pipe.
XI: Internal diameter of the pipe.

Fig. 142. Description of the blank part dimensions: PIPE

Blank part: Block

X0 Coordinate X of the edge referring to the part zero
' point.

Y0 Coordinate Y of the edge referring to the part zero
' point.

X1- Coordinate X of the opposite edge referring to the
‘ part zero point (abs.) or to the first edge (incr.).

v1- Coordinate Y of the opposite edge referring to the

part zero point (abs.) or to the first edge (incr.).

Fig. 144. Description of the workpiece dimensions: BLOCK
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NC/WKS/CHAP_32/PRG_32 61 Blank input
Blank Block
X8 -86.860
Yo -66.860
X1 166.6808 inc
¥1 Y1 126.888 inc
ZA 8.660
‘ Pd | -32.888 inc
|
: I
!
!
I
Y1

Blank part: N Corner
N: Number of edges of the polygon.
SW- Dimension of the polygon's key (available only for

polygons with even number of edges).

Fig. 145. Description of the blank part dimensions: BLOCK

Fig. 146. Description of the workpiece dimensions: N CORNER

NC
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32 160
1o,e 1424
L E , 48,8 59,2
v 4%457 10,4
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= | _F-a = %{ A S
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T | k== |
EE S %?
= 0 o ?, ®
% & | Y, \7 | a
0 «| .
] o { — o
u 0
— a o, S 5 ‘ nf4 1.6x45°
o | = \?*
1N o
h
G
-~
fEle) 2 !
= |
O 73,81 6.4
Block centered W:120 1160 HAO HIi—-372

Fig. 147. Drawing of the part to be created
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NC/WKS/CAP_32/PRG_32_ 81 NC/WKS/CAP 32/PRG_32 81

-100 -3 0 S0 100 -100 -50 0 all 100
- - | . . . | ‘ - i . 1 . ¥ x 2 | . 2 ’ “ | . . . X - | | | . | - |

Fig. 148. Creation of the external profile Fig. 149. Roughing of the internal profile

A -

| CNC
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NC/WKS/CAP 32/PRG 32 81 NC/WKS/CHAP 32/PRG_32 A1 Drilling
PL G17 (XY)
RP 16.868
SC 2.868
Position pattern (MCALL)
/8 8.868
Tip
1 -9.868 abs
DT 8.688 s

-100 -50 0 50 100

| - | : |

Fig. 150. Finishing of the internal profile Fig. 151. Data entered in drilling cycle
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NC/WKS/CAP_32/PRG_32_81

Fig. 152. Graphic 3D image of the finished part

Fig. 153. Discordant cutting direction (left) and concordant cutting direction (right)

| CNC
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Feed direction

—r >

Flg 154 Chlp section area Fig. 155.  Relative movement between cutter and workpiece with

discordant feed direction
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N
F
F, <
0
Feed direction
//////////////
Workpiece table /
Command Feed direction
SCrew . e
Fig. 156. Cutting forces with discordant feed direction Fig. 157. Relative movement between cutter and workpiece

with concordant feed direction
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F,
F
< Feed direction
\QF\\\\\\\\\\\\
Workpiece table
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158. Cutting forces with concordant feed direction

Fig. 159. Cutting forces with concordant feed direction
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Fig. 160. Cutting forces with concordant feed direction Conventional milling

Fig. 161. Conventional and climb face milling
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Fig. 162. Three-dimensional representation of the workpiece
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Fig. 164. Three-dimensional representation of the workpiece
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Fig. 165. Drawing of the part to create
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: : ; , , Fig. 167. Definition of a point in plane G17 using polar coordinates
Fig. 166. Three-dimensional representation of the workpiece
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Fig. 168. Drawing of the part to create
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Fig. 169. Three-dimensional representation of the workpiece
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Fig. 170. Drawing of the part to create
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MAGAZIN1 Tooling Tool name Operation Cutting speed Feed rate
2 L3 L4 LS LG sequence (m/min) (mm/rev)
' | | 1St T2 D1 Flattening 100 0.6
9 nd TS5 D1 Cylinder D112 120 0.3 climb
milling
3 T3 D1 Pocket D80 90 0.2 climb
milling
Loc. lLI'upe Tool name ST D Length @ N = 515 ?
dl | | | | 4th T3 D1 Four milling 110 0.32
1 25 CUTTER 4 1 1 65000 4.000 3210|0 operations
2 | & FACING TOOL 1 1 120.600 50.000 | 8|2 |01
3 | &, END MILL D20 | 1] 1] 185000 20000 | 4| |l ][] 5 th T1 D1 N2 holes D4 30 0.06
4 | @ DRILLD1O 1.1 100.000) 10.000 1186 o [/l
5" | g4 MILLING TOOL 1 1 115000, 45.000 4|2 |0
g | 6 T4 D1 N4 holes D10 80 0.12
Fig. 171. List of tools to be created and used in the test program Fig. 172. Sequence of tooling operations and cutting parameters to use for the test
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Three-dimensional representation of the workpiece
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Fig. 173. Drawing of the part to create




