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1 Preface

This training document 'Fundamentals of CNC Programming’ is the prerequisite for working with
the additional modules with SINUTRAIN.

Fundamentals of

CNC Programming with
SINUTRAIN

2 to 3 days Modules S01

Additional Additional

CNC Programming with CNC Programming with
ShopTurn mit ShopMill

2 to 3 days Modules S02 2 to 3 davs Modules S03

Today, CNC controllers are considered the most essential part of any automation. Depending on the
problem definition, the most varied tasks in the areas of turning, milling, lasering, and grinding as well
as in many other areas can be carried out economically with the controllers ShopMill and ShopTurn.

Training objective:

The CNC SO01module is structured in a way that you have before you a completely programmed
workpiece in G-code programming (DIN 66025).

The same workpiece is generated step by step with this document according to the machining step
programming. In this way, you will learn the simple operation of this software, and control and
optimize it with the simulation.
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Required Hardware and Software

1 PC, operating system Windows XP Professional starting with SP1 with 500 MHz and 256 MB
RAM, free disk storage approx. 400 MB, of that 50 MB on the system drive, 1GB for installing all
products, MS Internet Explorer starting with 6.0

2 Software SINUTRAIN 802D/ 810D/840D/840Di/Programming &Training, SinuTrain/JopShop
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2 Introduction

2.1 Development Phases of CNC Technology

- At the beginning of the eighties, first CNC machines with simple controllers
- In the middle of the eighties, more powerful controllers with cycles because of faster processors
as well as machine tools with greater processing speed
- At the end of the eighties, machine tools with 5 and more axes and special software tools
for external programming by using CAD/CAM systems
- At the beginning of the nineties, flexible manufacturing systems with extensive supplementary functions
such as palette systems and multiple clamping with multiple spindle drives
- In the middle of the nineties, continued development of tool systems and the use of special tools for
processing complex workpiece contours with only one tool
- End of the nineties: central programming systems for programming several different controllers at different
machine tools

2.2 Controller Requirements for the New Millennium

- Openness: It is to be possible for the machine manufacturer or the user to configure and expand controllers
according to their own requirements
- Independence: Programming by means of a uniform controller interface for the most varied CNC processing
- Equality: All machine data is to be available also at the external programming units.
Programming at the external programming units is the same as on the machine tool.
- Saving programming time: With graphic machining plans and help displays, it is to be possible to
generate complex workpiece contours very easily and quickly
- Editing capability: Extensive editing functions provide for fast and simple program changes/program
expansion

2.3 Advantages of CNC Programming with SinuTrain SHOPMILL, SHOPTURN

The controller is continuously optimized and can be adapted any time to the individual requirements of the
machine manufacturers. Moreover, cycles and functions can be integrated later.

Regardless of whether turning, milling, or any other type of processing is performed, always the same program
interface and the same menus or functions are used.

Retrofit: This means: Siemens can retrofit also older CNC machines to ShopMill and ShopTurn.

Advantage: Operating the software and the menu structure has to be learned only once.

By transferring the machine data to the programming system of SINUTRAIN, programming at the external
programming unit is the same as on the machine tool.

By using contour calculators and CAD readers, simple programming is possible without technical terms. By
directly entering technological values, no external calculations have to be made beforehand. The integrated
contour calculator is able to process all conceivable dimensions, yet is very simple to handle. Through work
step programming and many online help functions, extensive programming tasks can be solved very quickly.
Convenient programming is possible with functions such as Copy, Cut, and Insert. Since the program is
generated in the editor as a graphic machining plan by means of individual work steps, all editing steps are
provided in a straightforward arrangement.
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3 Programming a Turned Part in G-Code
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4 Programming a Turned Part according to the Machining Step Procedure

Using this drawing, we will generate a program in the machining step procedure.
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4.1 Starting SINUTRAIN
To start SinuTrain, double click on Start SinuTrain
or start SinuTrain using the start bar.
i i J:j ManualTurn Dokumentation 3
@? @-J Shoprill Dokumentation 4
Internet Explarer YerknOpfung mit @ U :

ShopMill_&.4_pdf | SinuTrain Dokumentation

| &) HifFe zur Maschinenkonfiguration
B Hirweise zu SinuTrain
.ﬂ__] ReadMe Chinese
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4.2 Selecting the Machine

After booting up the computer, a menu is displayed with a selection of machines with the respective
version number.

1. Select turning machine with >> ShopTurn Open V 06.04 <<
2. Click the Start button

SinuTrain Maschinenauswahl

Version: 06.02 Edition 3 (15.12.2005 )

Maschinenauswahl

1.Sprache: deutsch - 2 Sprache: englizh
Drehmaschine mit -->> ShopTun Open ¥ 06.04 <¢--

Drehmazchine mit werk zeugkomektur
Frazmaschine mit -x> Shopkdill ' 05.03 <<--
Frésmaschine mit > Shaphil Open ¥ 06.02 <c--
Fré’smaschine mit -3 S-hopMiII D.pen.\-r DB..US €4
Frazmaschine mit ->> Shophill Dpen ' 0604 <<--

I

Drehmaschine mit -

Drehmaschine mit 3> MahualTurk DB. 024
Frazmazchine SINLMERIK 8020
Drehmaschine SINUMERIK. 8020

=

I~ Mazching im Yollbildmodus anzeigen

Start I Abbruch

SinuTrain Stark

4.3 SINUTRAIN Basic Display

After selecting the machine, the basic display of SINUTRAIN appears.
From here, all SINUTRAIN actions are started.

T MANUELL. |

E Reset

Hilfs- |
X 9.000 . Furiceion.
Z ©.000 .
e
" [ [y Fll e g |
Y ©.000
sS4 o.o00 B3 100%
z3 @.000 eede
H Mullpktl

Posi-| |
- tion

8 NPV
0 satzen

Massen|

m
AUTD MoA JOG
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4.4 Generating the Turning Program

4.5 Setting Up a New Directory/Program Generation
Various actions can be performed in the Program Manager
(for example: New, Rename, Copy, etc.)

IE Pro-

gramm

By pressing the softkeys , the available directories are opened in the
operating area DIRECTORY <<VERZEICHNIS>> under ShopTurn

VERZEICHNIS

SHOPTURN_UEBUNGEN NCK-Dir. 27.e5.2007 15:28f
[ SIEMENS_SHOPTURN WPD X NCK-Dir. 03.04.2007 15:47
1 TEMP WPD b NCK-Dir. 03.04.2007 15:47

Um-— |
benenneh

Markieren
Kopiereng

Einfiigen |

Aus-
schneiden

Freier Speicher Festplatte: 3.5 GBytes NC: 1579432

Ueitereﬁi

With the softkey ' ', we are now setting up a new directory with the name "Work pieces”
<<Werkstuecke>>.

VERZEICHNIS

£ SHOPTURN_UEBUNGEN WPl NCK-Dir.
[ STEMENS_SHOPTURN WPD X NCK-Dir. ©3.084.2007 15:47
£ TEMP WPD X NCK-Dir. ©3.084.2007 15:47

Neues Verzeichnis

Bitte geben Sie den neuen Namen ein:

WERKSTUECKE

X
_nbbruch

NC: 1579432

Freier Speicher Festplatte: 3.5 GBytes

Confirm the input with OK.
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The directory with the name “Work pieces” is set up.

VERZEICHNIS

Name ABEURS 8
£3 SHOPTURN_UEBUNGEN wPD NCK-Dir. 27.05.2007 15:28
00 SIEMENS_SHOPTURN WFD X NCK-Dir. ©3.04.2007 15:47
01 TtEMP WFD X NCK-Dir. ©3.84.2007 15:47
7 WERKSTUECKE WPD X NCK-Dir. 23.07.2007 09:46

Um- |
benennen

Kopieren

EinfUgen

Aus-
schneidan

Freier Speicher Festplatte: 3.5 GBytes NC: 1579432 Ueite-resé

By pressing the arrow key E on the CNC keyboard or with the cursor key toward the right, the
selected directory opens.

Note
The cursor keys can be used for navigating in SinuTrain.

4.6 Setting Up a New Workpiece Program

After the directory is opened, existing programs are displayed, or new programs can be set up.

Ne

By pressing the softkey I and the selection Shopturn or G-Code (vertical softkeys), a new
program name “Name of the machining plan“ is entered,

in our case “Shaft” <<*Welle">>.

VERZEICHNIS
Name Top Geladen @
WERKSTUECKE . WPD\ . .

G-Code:
Programm

Bitte geben Sie den neuen Namen ein:

Welle

X
Abbruch

Freier Speicher Festplatte: 3.5 GBytes NC:

1579432

Confirm input with OK.
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4.7 Program Header

The program header of the new program opens automatically. In the program header, the following is
entered: the workpiece data, zero shift, raw part pattern, distance to the chuck, retraction planes, tool
change point, safety clearance incremental or absolute, and the spindle speed limitation.

With the softkey = you can now call the associated help display.

Rohteil: Zylinder Nullpunkt
= XA 80.000 abs ersch.
3

zZa 1.000 abs
s zI -100.000 abs
i ZB -92.000 sbs

:I Ruckzug: einfach
i XRA 5.000 ink
EMD - _

ZRO 5.000 ink

Wkzwechselpkt: WKS

XT 150. 600 abs

ZT 200.000 abs

Sicherheitsabstand: i

Drehzahlgrenzen: e

4 5600 . 000 U/min

500.000 U/min

= beiten

Make all inputs as indicated in the display above

Ubernahme

and accept the input into the machining plan.

Note

1

. Blternat.| . . .
With the softkey =T Sl | you can alternate, for example, between different zero points, units of

mass, mm, inch, raw part shapes, cylinder, pipe, rectangle, corner, etc.
The blue line above always shows you the current input type.
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4.8 Program Editor

Entered/edited in the program editor in the form of machining steps.

PROGRAMM
WELLE .
EMD Programmende N=1

Gerade |

4.9 Tool Selection

First, you need a tool for face turning and for roughing the outside contour.

Werkzeuge

Click on

PROGRAMM

WELLE

Then, by clicking on “Tools*“ again, call the tool list. Here, the tools that have already been set up are
provided. But you can also create new ones.

Accept the roughing tool. The finishing tool and the threading tool are added later from the tool list. The
grooving tool has to be set up, however.

Ebenenanwahl:

Werkzeuge ins
Clickon Lo ROUGHING TooL FProgramm

O
Alternat.

Pl. Typ Werkzeughame DP 1. Schneide dh S5

Lange XLange ZRadius g Plat. 12
lange T
i ’E' SCHRUPPER 1 0.000 ©.000 ©.800¢ 93.055 11.07 Programm
2 (A SCHLICHTER 1 0.000 0.000 0.000« 93.855 11 . 87
3 Werkzeug
L8schen
4 <= BOHRER 1 0.000 ©0.0060 10.000 118.0 2 :
& Entladen
7 T GEWINDESTAHL 1 0.000 ©0.000 0.000 2
-]
9 1
1B Schneiden
11
12

Sortieren

1= Nullp. R-Pars
‘{@versg R meter |
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Now, enter the data for the constant cutting speed and the plane.

G

WELLEHEINZ

SCHRUPPER

Vi 200 m/min

EMD
Ebenenanwahl:
Drehen

Accept the values with the input key.

,  Alternat.
If needed, change the unit or selection with - d

Ubernahme

and finally confirm your input with

The roughing tool is included in the program, with all the data.

4.10 Face Turning

Positioning for face turning in rapid feed.
By using line/circle, we can program a travel movement.

PROGRAHM

Zielpesition

T ® £82.000 abs
Z 0.100 abs
Y abs
c4 abs
S 1204 ca3 abs
Z3 abs

88 -~ |IF ® Edilgang * mm/min
 [IRadiuskorrektur:

Gerade Eilgang
Click on . Enter X80 Z0.1 and click on o
) _ | Ubernahme
Confirm with
T 1 A Training Document Page 15 of 53 Module S01
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Next, face the front of the workpiece to X-1.6 (2 x plate radius size R=0.8)
S0 no residual material remains in the center.

X -1.6800 abs
Z abs
Y abs
c EE R P

END ZGS abs

X4 Zink
F 0.200 mm/U
Radiuskorrek tur:
>(ink
xahs
zabs
9 E
Abbruch
Ubernahme

Gerade i

_ Alternat.

Click on and enter X-1.6 and F0.3 and _ - mm/U
) _ | Ubernahme

Confirm with
T HNi5 Drehen T=SCHRUPPER Y1=200m
— N20 EILG. X82 Z0.1
— N25  F@.2/U X-1.8 =
END Programmende N=1

Now, position on X90 Z5 at rapid feed.

PROGRAMMH

WELLE

Zielposition &

P Qgrﬁdg Alternat.
T X 90.000 abs
50 Z 5.000 abs
— ¥ abs
— Cd abs
c3 abs
oy i Z3 abs
Y F % Eilgang % mm/min
% : Radiuskorrektur: ]Ei
7 40|
+ {CSRPE— IL
37 a
END
X@ T T T T T x
tag = Y &9 48 fbbruch |
Ubernahme,
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After accepting, you are back in the program.

PROGRAMM
P N> WELLE Nullpktv. 1 G54
T N1© Drehen T=SCHRUPPER V¥1=200m
— N15 EILG. X81 Z0.1
— N2o Fa.2/U X-1.86
— N25 EILG. X998 Z5

4.11 Workpiece Contour

The contour is generated with the contour calculator.

J Kontu Neue

drehe Kontur
Click on the button below and then in the upper right on

Assign a name to the new contour; then the contour calculator opens.

Bitte geben Sie den neuen Namen ein:

Welle Kontur

The first input specifies the starting point.

PROGRANM
. S_tartpant Xs
+

BWB abs

X :
z ©.000 abs

Ubergang am Konturanf.:
FS 0.000 §

Ub: h
EnterX0 Z0 and confirm with L—crre
Note
P[] X
With the buttons ~ we describe the contour.
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Here, the first diameter of the finished part contour is described.

A chamfer 2 x 45 degrees as transition element is appended to the end of the element.

Click on the button

PROGRAMM

*

7 and enter X30 and FS 2.

Endpunkt X &
Gerade X
X 30,000 abs

L =] m

g Yl

%
2

8.0

w8/

o
]

Ubergang zum Folgeele.:
Fs 2.000

g T T
-18.8  -5.8
toz

Alle

Parameter

X
Abbruch

Ubernahme
Ubernahme
—o
. Ubernahme ‘
Click on the button and enter Z-20.
PROGRAMM
Element
p | Gerade 2 loschen
T T z —20.000 abs
o2 96.000 °
N
o Ubergang zum Folgeele.:
308.8- =3 0.000
s 20.0
:
5 18.6
&
i
34 e Weiteres
END
XE)Z -zd.8  -15.8  -18.8  -5.8 0.0 bexru::h
) 3 Alternat.
Click on the button and enter X40 . < R2.5.
PROGRAMM
p|% Gerade X
T 1 X 40.000 abs
oz 270.000 © Tangente
— il £ an Vorg.
- Ubergang zum Folgeele.:
- _ R 2.500
END \
36.0
Alle
32.8- Parameter
28.8
@ T T T T
t,, =8 -8 -He - i
Ubernahme
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Click on the button

PROGRAMM

WELLE

Fase/Radius

and enter X50 Z-30.

P |# Gerads.
T T X 50.000 abs
z -30.000 abs Toroente
— |~ al 158.962 © an Yorg.
— T a2 68.962 ©
60.8
Ubergang zum Folgeele.:
i Fs ©.000
58.6-
40 .8 Alle
Parameter
3.8
g T T T
-36.8 -28.8 -15.8 b ren
Ubernahme
. Alternat.
Click on the button and enter Z-44 ~ R25.
PROGRAMM
3 & :ﬁerma:g Alternat.
T T z -44.000 abs
o2 21.038 ° Tangente
s an Vorg.
T 70.8 Ubergang zum Folgeele.:
=L R 2.500
7
END 60.8
END
58.8 u—\
Alle
49.8 Parameter
30.8
XEZ -45' a ‘—4E‘.E ‘—35‘.3 ‘—3[3‘.E ' nbb>r<uch
e rme | Obernahme
) 3 Alternat.
Click on the button and enter X60 - Z FS1.
PROGRAMM
webL,ee - Endpunkt
p |& Gerade X
T T X 60.000 abs
o2 270.000 ° Tangente
— |~ o an Yorg.
ber o] Fol. de.:
— T o2 gan z;.l.maelao geele
— i .7 68.0-
M} 58.0
P L
= alle
b 56.0- Parameter
3
END
54.8
g T T T T
e -46.8  -45.8  -44.8  -43.8 ot
Ubernahme
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—o—
Click on the button and enter Z-70 and R1.

PROGRAIM

WELLE

Gerade Z
z =70.000 abs
o2 90,000 °

Tangente
an Yorg.

Ubergang zum Folgeele.:
R 1.000

80+

60+
END N

ag-

Alle
Parameter

xiz -80 70 -60 50 -db nbbéuch
Ubernahme
Ubernahme
4+
:
Click on the button and enter X66 and R1.
PROGRAMM
WELLE' Fase/Radius
P& Gerade X
T T X 66 .000 abs
a2 270.000 © T
— | 68.8- an Vorg.
— T Ubergang zum Folgeele.:
R 1.000
Pl
66.8
END |
1
kool 64.6
Alle
END Parameter
62.8
68.0
XG T T T T T T T T T
=72.8 =71.8 =-70.8 -69.8 abbruch
Ubernahme
——)
Click on the button and enter Z-77 and R1.
PROGRAMA
[ WELLE
I ES Gerade Z
T 1 F4 ~77.000 abs
o2 90.000 ° Tangente
. an Vorg.
= T Ubergang zum Folgeele.:
R 1.0600
—b: /
o 70.8
Ml
% +—
|1 alle
m Parameter
3% | 606
END
g T T T T T
s -78.8 -76.0 -74.8 -72.8 -70.8 e
Ubernahme
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+o

Click on the button

and enter X82 and FS3.

The raw part is diameter 80 in the program and is run to 82, in order to gain distance from the tool. For
that reason, the chamfer size has to be programmed 1mm larger.

PROGRAMM

VELLE Endpunit X 9

P Gerade X
X 82.08008 abs
a2 270.000 °

Ubergang zum Folgeele.:
S 3.000

T T ST P T

i 86.0 75.0
T—)Z £ -

PROGRAMM

P& Gerade Z
T z -81.000 abs
a2 90.008 °
—i b Folgeel
ergang zum Folgeele.:
- |1 S 0.000
— .7
m 80
U —
;,4 r
S| a4
R T
m —
Al
38 |1
END |55
END -40
X8 T T T
LZ -80 -68 -48 -28 3}

Tangente
an Yorg.

Parameter

Ubernahme

Element
1éschen

Weiteres

X
Abbruch |

v,
Ubernahme!

Alle

X
Abbruch

Ubernahme

. . . . . Ubernahme
The finished part contour has now been described, and is accepted into the program with
After that, you are back in the program editor.
P N5 WELLE Nullpktv. 1 G54
T N1@ Drehen T=SCHRUPPER V1=200m
— Ni5 EILG. X81 20.1
— Nzo FO.2/U X-1.6
— N25 EILG. X900 25
N30 WELLE_KONTUR
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4.12 Stock Removal Cycle Roughing

The stock removal of a contour is performed in the area Contouring and Stock Removal.
Using the “Help Key" brings up the help display.

/| Kontué
Click on the button = drehe

Accept all other data in the picture.

PROGRAMM

WELLE

4 SR

4ttt

%
7

e

m
=
=]

and
Select the tool and enter the cutting data.

Abspanen

Werkzeughame

S
SCHRUPPER
F @.300 mm/U

v 250 m/min

Bearbeitung: v
Léngs
Aulen

D 2.500 [ =

@.400

0.100

0.000
Zylincer

©.000 ink

@.000 ink
Eingrenzen: nein

Hinterschnitte: nein

Here, you should test the program with a simulation display.

Simul
tion

Click on the button

PROGRAMM

Seitenansicht
; :

ion startbereit

¥ Gerade
~ Kreis

8 Kontur]

= Bohren) gz Drehen 2% drehen)

- Frase

D1

v I
Ubernahme

Clicking on the button "End” takes you back to the program editor.
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4.13 Finishing the Outside Contour

The outside contour is executed with the finishing tool contour parallel.

J Kontur

Click on the button drehery

Abspanen
and

Select the tool and enter the cutting data.

Accept all other data from the figure.

PROGRAMM

WELLE

CEAEY L L4

m
=
=]

4.14 Thread Undercut

We incorporate the undercut DIN 76

Drehen
Click on the button -~ and

Abspanen
T SCHLICHTER
F 0.160 mm/U
L' 250 m/min
Eiearbeitung: T
Langs
Auden
Aufman: nein
Eingrenzen: nein
Hinterschnitte: nein

Ubernahme

| Freistich \
and then on

PROGRAMM
T T SCHLICHTER D1
F 9.100 mm/U
=X v 120 m/min
— Bearbeitung: T
_— Lage: 3\1\<\§
¥ : Xe 30.000 abs
i ze -20.000 abs
e ! el 1.150 ink
v v 71 5.200 ink
& R1 9.800 ink
LS RZ 0.800 ink
X a 30.000 ©
2 ’ v 1.000 ink
Af D 0.800 ink
u 0.100 ink
END
. . . Ubernahme
Use all data from the figure and exit the menu with
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We can see here that the contour during roughing and finishing is connected with stock removal. The
thread undercut was generated with its own cycle.

A {N35 Abspanen
M NdB Abspanen

i
END Programmende

\_j} N3@ WELLE_KONTUR

N45 Freistich Gew.

v
N

VAT

T=SCHRUPPER F©.3/U VZ50m
T=SCHLICHTER F@.1/U VZ58m
T=SCHLICHTER F@.1/U V120m X0=30

Here, you can test your program with the simulation display.

PROGRAMM

Volumenmodsll

X -50.000Z 100.000
N5 WELLE

4.15 Thread Cutting

Ansicht

Ansicht
Ansicht
¢

Schnitt

=
by 1

Eilgang
T=SCHLICHTER_35

A thread of M30 X 1.5 is to be manufactured.

Drehen

Click on

PROGRAMM

WELLE

and on

o E = A N N ]
=

b &

%
'
1

Gewinde

and enter the values.

E/

m
=
=]

Gewindevorlauf

Gewin Alternat.
T GEWINDESTAHL D1
P 1.560 mm/U
G 0.0600
8 1000 U/min
LINEAR
Bearbeitung: TETTY
AuRengewinde
Xe 30.000 abs
20 ©.000 abs
Z1 -19.800 abs
W 4.508 ink
R 3.000 ink
K 0.926 ink
I 0.866 ink e |
AsS @.300 mm Syhchron-
u 0.0626 ink punkt
NN 8 =
v 2.000 ink %
Q 9:EaCiy fbbruch |

Ubernahme
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4.16 Making Grooves

Finally, we are making two grooves.

Drehen Einstich
Click on -1 and on and enter the values.

PROGRAMM

WELLE

B2 L]

m
=
=]

PROGRAMN

WELLE

E—
=
5 ¥

EEAXYY L Ll 40

Exit menu with

Ubernahme

T
F
v

Lage:

B1
T1
ai
a2
FS1
RZ2
R3
F&4

TZCO

STECHER
Q.

Edl 2
T STECHER
F a.
v
Bearbeitung:
Lage:

Xe 60.
Fd) -65.
B1 4.
T1 3
al =]
az a.
FS1 1
R2 =]
R3 (=}
FS4 1.
D 3
u a.
N

P 8

Bearbeitung:

<@ 60.
Ze -65.
-000 ink
-080 ink
.0ee °
.o -

1)

WP, OOWA

108 mm/U
120 m/min

afF U

000 abs
800 abs
800 ink

.000 ink
.o °

oeo °

.BeB
.1ee
. 108

200

.000 ink

100 ink
2

. 000 ink

160 mm/U
126 m/min

060 abs
000 abs

Qo0

.168
-166

%] %]

. @00 ink
-160 ink
=

-880 ink

VT

VA

3 U

Abbruch

X
Abbruch
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We are done with our machining step program.

PROGRAMM

P N5 WELLE Nullpktv. 1 G54
T N1i@ Drehen T=SCHRUPPER ¥1=200m
4 N1i5 EILG. X81 Z@.1

— N2e F@.2/U X-1.6

— NZB EILG. X290 Z5

U}NBB WELLE_KONTUR

% {N35 Abspanen v T=SCHRUPPER F@.3/U VZ50m
.
¥ N45 Freistich Gew. V+VWV T=SCHLICHTER F@.1/U vi126m X@=30
U N5@ Gewinde Langs v+7vv T=GEWINDESTAHL P1.5mm $1000U Aulen
3 NS5 Einstich VTV T=STECHER F@.1/U V1i20m N@ X@=60

N4@ Abspanen kranv T=SCHLICHTER F@.1/U ¥256m

B= drehen E-I Frasen| 27 Abar—

. beiten

nen|

4.17 Simulation

Finally, test your program with a simulation display.
First in the side view.

PROGRAMM

Seitenan

'z 100,000

2 ! 8 .
WEL T A D1 Ende
[Simulation startbereit
B Geradel oo a1 gKontu | 2 Diver- Simul, Abar-
 Kreis | = Bohren| g Drehen g ooy ses = tionég |=l peiten
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Next in the 3 window view

PROGRAMM

3-Ferster Ansicht
I

and in the volume model.

PROGRANM

Volumenmodell

| & Kontur
| B= drehen

| & Kontur
' B= drehen
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SIEMENS

5 Programming a Milled Part in G-Code

[ o ]
AA T, T S
|
|
210 @10
100
i
)
o
I
|
i J
[fe]
8 o
-~ (o]
|
!
70
85
(Verwendungsbereich) (Zul. Abw.) (Oberfl.) |Mafstab 1:1 ’(Gewicht)
Werkstoff, Halbzeug)
Rohteil-Ng
Modell- oder Gesenk-Nr)
Datum Name
Bearb,06.03.02 PURR
Gepr. FORMPLATTE
Norm
3‘1 Technologie Blatt
y Center
I Blatter
Zust|  Anderung | Datum |[Name| Ursprung Ersatz flr: \ Ersatz durch:
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N1 GO G9@ G40 G171

NZ T="PLANFRAESERE3"T

N3 Mefl

N4 G9d4 S400 F300 M3 MBI

N5 G54 GB X-20 ¥-135 Z3 1

N8 CYCLE71¢3,2,2,0,-50,-100,100,150,0,1.8,55,2,0.2,300,22, )
Ni6 Go Z150f

Nii G@ X200 vzeof

NiZ T="FRAESER3Z"{|

N1i3 Mef

Nid God 51600 M3 MB F2eef
Ni5 G@ X-51 Y-112 Zif

N1i6 GO z-101

N18 G17 G9B DIAMOF ;*GP#1
N19 G1 X-35 Y-100 Gd1 ;*GP#{|
N20 Y35 RND=15 ;*GP#{

NZ1 X35 RND=15 ;*GP={

NZ2 Y-120 ;*GPx(

N23 G408 T

N3Z GO Zieef

N33 X200 Y1501

N34 T="FROESER1G"(]

N3I5 M6 Maq|

N36 Go4 52000 M3 M8 F2001
N37 GO X0 Y-84 Z17

N38 Gi Z-15 |

N4B G17 G99 Gd1 DIAMOF ;*GPx{
N4l Gi X@ Y-90 ;=xGPs={|

NAZ X30 RND=5 ;*GP#(

N43 ¥-19.9 RND=5 ;*GP#{|

Ndd G2 X-30 I=AC{@) J=AC(B) RND=5 ;*GP+(
Nd5 Gi Y-90 RND=5 ;=GP#{|

N4E X@ ;*GP=f

N47 G47

N4B GO Y-841

N49 G@ Zif

N65 POCKET3(,0,1,-15,60,54,5,-30,-90,0,5,0.2,0.2,200,100,0,31,6, , ,, |
12,1

N71 POCKET3¢2,0,1,-15,60,54,5,-30,-90,0,5,0.2,0.2,200,100,0,32,6, ,,
» 12,011

N73 GO 21007

N74 G@ X200 Y1501

N75 T="FRAESERZ20"{|

N76 G94 51000 M3 M8 F2001

N78 POCKET4¢(2,0,1,-10,30,0,0,5,0.2,0.2,200,100,0,21,10,,,12,5)
N83 POCKET4¢(2,9,1,-19,30,0,0,5,0.2,0.2,200,100,@,22,10, ,,12,5)
N87 POCKET4¢2,-18,1,-21,15,0,0,5,0.2,0,200,100,08,21,10, ,,12,5)
N91 POCKET4¢2,-18,1,-21,15,0,0,5,0.2,0,200,100,0,22,10, ,,12,5)
N93 GO 21007

N94 G@ X200 Yi5ef

N95 T="ZENTRIERER12"{|

N98 G94 S2008 M3 M8 F2001

N97 GO Z2f|

Ni1@@ MCALL CYCLES2(2,0,2,-15.3,,0.1)]
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N104 HOLES1(-42.5,-92.5,90,0,45,4)
Ni06 GO X@ Y42.57

N108 HOLES1(42.5,42.5,-90,0,45,4)]
N111 MCALLY

Nii4 GO Zif

N118 MCALL CYCLE82(2,9,2,-15.3,,0.1)
Ni22 HOLESZ2(9,0,22.5,0,60,6)

Ni24 MCALLY

Ni25 Go zieef

NiZ26 GO X200 Yi50q

Ni27 T="BOHRER10"{]

NiZ8 God 52000 M3 M5 Fzoof

Ni31 MCALL CYCLES3¢2,0,1,-24,,-15,,5,,3,1,1,3,10,,,1)
Ni35 HOLES1(-42.5,-92.5,90,0,45,4)]
Ni37 GO X0 v42.57

N14@ HOLES1(42.5,42.5,-99,0,45,4)(
Nid2 MCALLTY

N1d43 GO z2

Ni46 MCALL CYCLES3(2,@,1,-24,,-15,,5,,3,1,1,3,1@,,,1)
Ni50 HOLESZ2(8,0,22.5,0,60,8)

N152 MCALLY

Ni53 G@ Z100f

Ni54 G@ X200 Yi5ef

N155 M3@T

PLANFRAESER = facing tool
FRAESER = milling tool
ZENTRIERER = centering tool
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SIEMENS

6 Programming a Milled Part according to the Machining Step Process

= [
!
210 @10
[
)
o
N
Y
[ [
3 o
— D
|
|

60

70
85

’ (Gewicht)

(Zul. Abw.) (Oberfl.) |Mafstab 1:1

Werkstoff, Halbzeug)
Rohteil-Ng
Modell- oder Gesenk-Nr)

(Verwendungsbereich)

Datum Name

Bearb,06.03.02 PURR
FORMPLATTE

Gepr.
Norm
3 Technologie Blatt
y Center
e Blatter
Zust|  Anderung | Datum |[Name| Ursprung Ersatz flr: \ Ersatz durch:
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6.1 Start SINUTRAIN

To start SinuTrain, double click on =tatt SinuTrain

or start SinuTrain using the start bar.

6.2 Selecting the Machine

After you booted the computer, a menu is displayed with the selection of machines with the respective

version number.

1. Select milling machine >> ShopMill Open V 06.04 <<.

2. Click on the Start button.

Yersion: 06.03 Edition 3 (15.12.2005 )

Maschinenauswahl

15 he: d h-25 he: english

Frasmagchine mit -->> ShopMill Dpen V D6.04 <<--

Frasmaschine mit ->> Shophdill Dpen ' 0602 <<--
Frasmasching mit -» SholeII Open' D603 <<=

Shophill Dpen’ 0604 <

Direhmaschine mit -»> ShopTum Open® 06.03 <<--
Direhmaschine mit ->> ShopTum Open 06.04 <{-
Direbmaschine mit -3 Manuallum YOE.02 <<
Frasmaschine SINUMERIK 8020

Dishmaschine SINUIMERIK 8020

stOE04_GY

S0E04_Y

I Maschine im Yolbildmodus anzeigen

Start I

SinuTrain Start

[

ey

Abbruch

6.3 SINUTRAIN Basic Display

After you selected the machine, the basic display of SINUTRAIN appears.
All SINUTRAIN actions are started from here.

T HOMELL |

15@4090"“
150 . 000
300. 000

Hilfs— |
Funktion

chwen 1
ken i t.:l.on
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6.4 Setting Up a New Directory/Program Generation
Different actions can be performed in the program manager.

IE Pro-

gramm

By clicking on the softkeys
ShopMill, in the operating area DIRECTORY

, the available directories are opened under

VERZEICHNIS

Name Typ Geladen Grope it
{1 BEISPIELPROGRAMME WPD X : ' 2007 19:36
£ cap_PROGRAM WPD NCK-Dir. 11.82.2007 15:14
£1 sHoPMILL wD X NCK-Dir.  28.63.2007 15:08
03 SIEMENS_SINUTRAIN WD X NCK-Dir. 27.05.2007 16:04 .
3 TEMP WD X NCK-Dir. 28.03.2007 15:09 beni",‘,'nehg

Freier Speicher Festplatte: 3.3 GBytes NC: 1249176

With the softkey - I we are now setting up a new directory called
"Pattern plate®.

Name

NCK-Dir.

[ BEISPIELPROGRAMME WPD X :

1 cab_PROGRAM WPD NCK-Dir. 11.82.2007 15:1d
1 sHoPMILL WD X NCK-Dir. 28.€3.2007 15:08
1 SIEMENS_SINUTRAIN WD X NCK-Dir. 27.05.2007 16:04
£ TEMP WD X NCK-Dir. 28.03.2007 15:09

Neues Verzeichnis

Bitte geben Sie den neuen Namen ein:

Formplatte

Freier Speicher Festplatte: 3.3 GBytes NC: 12491786

Confirm the input with OK.
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The selected directory opens by pressing the arrow key E on the CNC keyboard, or with the
cursor key toward the right.

{1 BEISPIELPROGRAMME WPD hd NCK-Dir. 02.03.2007 19:36
| CAD_PROGRAM WPD NCK-Dir. 11.02.2007 15:14
) FORMPLATTE WD X NCK-Dir. ©2.09.2007 16:55
£ sHOPMILL WPD X NCK-Dir. 28.03.2007 15:68
£ SIEMENS_SINUTRAIN WPD hd NCK-Dir. 27.05.2007 16:04 beggg;eh
O TEMP WPD % NCK-Dir. 28.03.2007 15:09
Kopieren
Freier Speicher Festplatte: 3.3 GBytes NC: 1225624 Ueiferési

6.5 Setting Up a New Workpiece Program

After opening the directory, existing programs are displayed, or new programs can be set up.

Ne
By pressing the softkey P and selecting ShopMill or G-Code (vertical softkeys), a new
program name “Name of the work plan“ is entered; in our case “Pattern plate“.

YERZEICHNIS
' FORMPLATTE.WPDS. .

G=Code
Programm

Neues ShopMill Programm
Bitte geben Sie den neuen Namenh ein:

Formplatte

_Abbruch

Freier Speicher Festplatte: 3.3 GBytes NC: 1249176

pK

Confirm the input with OK.
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6.6 Program Header

The program header of the new program opens automatically. The following is entered in the program
header: the workpiece data, zero shift, raw part pattern, distance to the chuck, retraction planes, tool
change point, safety clearance incremental or absolute, and the spindle speed limitation.

With the softkey —#E_ you can now call the associated help display.

G

TTE3' &

P Programmkopf Alternat.

s NPV 1 G54 mm

= Rohteil:

ﬁﬁf Eckpunkt 1

foe %0 -50.000 abs

o Yo -100 .000 abs

; v Ze 0,000 abs

% i Py v —

% | L 160 . 000

o= PunkgL W~ N W 150. 000

@ 7 s H -20 .60

- X

%ﬁ' L Werkzeugachse Z

g H Rickzugsebene:

G RP 100.0800 abs

= _z Sicherheitsabstand:

{3 Y sc 1.000 ink

Cj Bearbeitungsdrehsinn:

] Gleichlauf

F o

i Rackzug Pos.-muster:

e optimiert

-~ {
Obernahme;

Enter all data as in the figure above

Ubernahme

and accept the inputs in the machining plan with

Note

. Alternat. . .
With the softkey .| you can alternate, for example, between different zero points and
measurement units, mm, inch. The blue line above always shows the current input type.
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6.7 Outside Contour

The contour is generated with the contour calculator.

Kontu Neue
, fréase , . Kontur
Click on the button (R Y below and then in the upper right on
Assign a name to the new contour; after that, the contour calculator opens.
Bitte geben Sie den neuen Namen ein:
FORMPLATTE _Aussen
The first input specifies the starting point.
PROGRAMM
FORMPLATTE Zusatzbefehls
Startpunkt.
Werkzeugachse 4
X -35.000 abs
Y -100.060 abs
Complete programming the outside contour with the contour calculator.
PROGRAMM
. N Element
Y -100.000 abs
=7 a2 270. 000 s +
%_ — /—\ ) i
7 | L gbergang zet.l-ngel;olgeele. z
b a1
OE KA
45 4]
4= =0 =
s
.
g -188+ r
P X
[ Abbruch
" "
Ubernahme
| S E e
. . . . . , Ubernahme ‘
The outside contour is now described, and is accepted into the program with .
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6.8 Roughing the Outside Contour

To perform the machining step roughing on the outside, with contour compensation on the left, do the
following:

Bahn-

frasen Werkzeuge

andon ... | and enter the values.

Click on

6.9 Selecting the Tool

Here the tools that have already been set up are provided. But you can also generate new ones.
Here, take the MillingTool32.

WERKZEUGE

)

Alternat.

~ ins
Programm

Werkzeug
léschen

Pl. Typ Werkzeugname 'DP-1: Schneide dh 3 F el
Lange 7] N 12
db
1 Jb FRAESER6 1 89.100 6.000 20X
2 Jh FRAESER10 1 88.000 106.000 20X
3 ¢4 GEWINDEFRAESER 1 168.000 12.000 10X
4 ¢4 FRAESERZ0 1 98.300 =Z0.000 E | EeEs 0000
5
6 ¢4 FRAESER3Z 1 119.208 32.000 ol 1111
7 g5 PLANFRAESERG3 1 133.500 63.000 50X

{5 Nullp.
| < verschi

ins
Click on Programm to accept the selected tool.
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Bahnfrasen
T FRAESER32

£
F 0.150 mm/Zahn
¥ 120 m/min
EHD 50+ Radiuskorrektur:
vorwarts
Bearbeitung: v
i z0 0.000 abs
Z1 10.0006 ink
DZ 5.000
-58+ uz 0.360
UxY 0.300 mm
Anfahren: Gerade
= L1 5.000
FZ 0.1008 mm/2ahn
-158+ Akfahren: Gerade

-1p8 50 0 50 100 |L2 5.000
tox

Abhebemodus:
auf Ruckzugsebene

Ubernahme

Accept all data from the graphic and exit the menu with

6.10 Finishing the Outside Contour
To perform the machining step Finishing Outside, with contour compensation to the left, do the
following:

Bahnh-—

Click on -Fraser;r-

and enter the values.

Alternat.

T FRAESER3Z D1
F 8.680 mm/Zahn
v 158 m/min
Radiuskorrektur: &
vOorwarts

Werkzeuge

END 5@

Bearbeitung: T

-58-

-160-

Z0
Zi
Dz

L1
FzZ

7 168 50
tex

L2

©.000 abs
16.660 ink
5.000

Anfahren: Gerade

5.000

0.100 mm/Zahn

Abfahren: Gerade

5.000

Abhebemodus:
auf Rlckzugsebene

Accept all values from the figure, and exit the menu with

Y

=y

R

EbbEieh

Gheinsine

Ubernahme
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Here, you can test your program with the simulation display.

PROGRAMM

VMolumenmodell

6.11 Stock Removal, Residual Material and Finishing of Contour Pockets and Inside
Contour

The contour is generated with the contour calculator.

¥  Kontu Neue
@i friaser Kontur
Below, click on the button .. L and then in the upper right on .

Assign a name to the new contour; then the contour calculator opens.

Neus Kontur

Bitte geben Sie den neuen Namen ein:

FORMPLATTE_Innen
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The first input specifies the starting point.

PROGRAMM

FORMPLATTE

Pl Start

oo | END Werkzeugachse Z

i . X 0.000 abs

e v -90.000 abs
B o

END

-5a-

-108-

With the contour calculator, complete programming the inside contour.

Element
ldschen

X 2.000 abs
| - ¥ -90.000 abs
U al ©.000 ©

' az 90.000 °

Ubergang zum Folgeele.:
R 0.000

@ i =68+

-80-

Weiteres

Ubernahme

The inside contour is now described and is accepted into the program with
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6.12 Stock Removal of Contour Pocket Roughing

Tasche
frisen
and on and enter the values.

Kontur
frasen

Click on il

Select the tool and enter the cutting data.
Accept all additional data from the figure.

Fon T FRAESERZG D1
= F @.158 mm/Zahn uerkzeugei
7% v 120 m/min ;
e | 20
ﬁ% Bearbeitung: =
(1 zo 0.000 abs
¥ - Z1 15.000 ink
& -48-
éﬁ DXY 50,000 %
Dz 5.000
g/;j ] SEal UXY @.300 mm
uz B.300
m Startpunkt: auto

-ga-

Eintauchen: helikal
-180- EP 2.000 mm/U
ER 2.000 mm

¥ -40 28 B 28 48 Abhebemodus :
auf Ruckzugsebene

o e

Ubernahme
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6.13 Removing Residual Material from the Corners
Kontur Tasche.
. frisen Restmat.
Click on il T and on and enter the values.

Select the tool and enter the cutting data.
Accept all additional data from the figure.

P
~k

14

e -2

/_\_/ i

CE -ap

7|

ECR -60

%z_

{3 -80-

{j .

g -1a8

{3

?% l{»x -dp -z 0 28 48
77

i

Werkzeugname
Restmaterial

D1

T FRAESER1G
& B.iBBnm/;ahn Werkzeuge
¥ 120 m/min j |
Bearbeitung: kvl
DXY 50,000 %
D2 5.000
Alle

Parameter

Abhebeamodus: .

auf Rickzugsebene

Abbruch |

Ubernahme

Abar-

1= beiter Ubernahme
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6.14 Finishing the Base

Tasche
frisen
and on and enter the values.

Kontur
frisen

Click on il

Select the tool and enter the cutting data.
Accept all additional data from the picture.

o T FRAESER1G D1

= F 8.6880 mm/Z2ahn
1 1 v 150 m/min
g 20+ :
Bearbeitung: vV Boden
e : ze 9.000 abs
¥ - 21 15.000 ink B
1 -48

g Dx¥ 50.000 %
11— Uxy 2.300 mm
e uz 8.300
& i
ﬁ i Startpunkt: auto
3 -80
g Eintauchen: helikal
% - EP 2.000 mm/U
g ER 2.000 mm
2zl ¥ —48 —28 a 28 48 Abhebemodus :

B Lx auf Ruckzugsebenhe
oo =
-~

Ubernahme
Ubernahme
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6.15 Finishing the Edge

Kontur Tasche
frésen g frasen

Click on il
Select the tool and enter the cutting data.
Accept all additional data from the picture.

and enter the values.

- T FRAESER1G D1
= F @.0680 mm/Z2ahn
7 o v 150 m/min
e -28- :
Bearbeitung: v Rand

R - zo 9.000 sbs
@_ —ap Z1 15.060 ink
Bl | Dz 5.000
@ Il croed UXY @.300 mm
FCR
3 -80-
3 -188
2zl ¥ —48 —28 a 28 48 Abhebemodus :

B Lx auf Ruckzugsebene
e =4
~

Ubernahme
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6.16 Roughing the Circular Pocket Diameter 60

Kreis-

Click on 2 and on 1 and enter the values.
Select the tool and enter the cutting data.
Accept all additional data from the picture.

FRAEZSERZ2G D1
4 1 F 0.150 mm/Zahn Herizelige
n v 1260 m/min
P 468
% Bearbeitung: i
g Einzelposition
F 4 268 X 0.000 abs
& 1 Ya 0.000 abs
i 1 zo 9.000 abs
R - @ £0.000
P Z1 -10.000 abs
2l DXY 50.000 %

3 -28- Dz 5.000

: UXY 9.300 mm
¥ ] uz 0.300
C} _ag Eintauchen: helikal
G EP 2.000 mm/U

ER 168.006 mm
y Ausraumen: Komplettb. x
' Abbruch

Ubernahme
6.17 Finishing the Circular Pocket Diameter 60
e Kreis-

Click on il and on .l and enter the values.
Select the tool and enter the cutting data.
Accept all additional data from the picture.

, Ue

Kreistasche
o T FRAESERZ20 D1
3 F 0.100 mm/Zahn
{% ] v 150 m/min
?’a‘%— 48+

Bearbeitung: ATy
™1 Einzelposition
25 26 X0 0.000 abs
Q Ye 0.080 abs
2227 20 0.000 cbs
@’ a4 a 60.000
@ zZ1 -10.000 abs

AT DXV 50.000 %
i DZ 5.000
C} 291 Uxy 0.300 mn
AC:E Uz ©.360
% i Eintauchen: mittig
g FZ 0.100 mm/Zahn
%:% Lx a8 28 o 28 48
Pl
& |
Ubernahme |
® S00E Sn| | Gbemmshne
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6.18 Roughing the Circular Pocket Diameter 30

Rough the circular pocket yourself.
Important: The starting depth is no longer at “0* but at “-10mm*

6.19 Finishing the Circular Pocket Diameter 30

Rough the circular pocket yourself.
Important: The starting depth is no longer at “0“ but at “-10mm*

6.20 Centering and Drilling taking Obstructions into Account

For centering and drilling, first the corresponding machining steps are programmed, and then the
individual positions are specified.

The obstructions have to be taken into account when positioning.

6.21 Machining Step Centering

: -Eentri'?.
h EphrEr_J ren 1 .
Click on 222 and on : I and enter the values.
Select the tool and enter the cutting data.

Accept all additional data from the picture.

PROGRAMM

IPLATTE

i O |
Zentrier Alternat.
T ZENTRIERER1Z D1

E 150.008 mm/min

v 35 m/min

Werkzeuge

Durchmesser
11.06006
0.000 s

Ubernahme
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6.22 Machining Step Drilling

Tief-
h Eh_:-hrEr__.{ b]«l-:&:ll"'ueren-
Click on 25l and on ST and enter the values.
Select the correct tool for drilling, enter the cutting data

Ubernahme

and exit the menu with

6.23 Inputting the Line of Holes to the Left

h En_:-hrEri Positio-

. hen '
Click on .20 G| 0 I S and enter the values for the

. Ubernahme ‘
“left” side.

6.24 First Obstruction

Hindernis

. ] Ubernahme
Click on woooo and enter the Z value.

PROGRAMM

- 1.000 abs

: | Kontur| .. Diver- Sdmu- | Abar—
k Ezame ! % frasen| 25  ses ] = lation % beiten Ubernahme
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6.25 Inputting the Line of Holes to the Right

& thren‘ Pc-sn;;‘:l.i;-&
Click on and enter the values for the

Ubernahme

“right side.

6.26 Second Obstruction

Hindernis

: Ob h
Click on and enter the Z value. s

6.27 Drilling the Full Circle

Positio-
& thren‘ nen @

Ubernahme

Click on and enter the values for the

right hole circle.

6.28 Third Obstruction

Hindernis

1 Ubi h
Click on and enter the Z value. s

6.29 Drilling a Single Hole

Positio- ./N/
h EDhl"EI‘{ hen | i Uber\rl'n,'.:\hme
and enter the values.

Click on
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6.30 Simulation

Finally, test your program by using the different simulation displays.

PROGRAMM

Volumenmodell
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7 Additional Tasks for Turning
7.1 Step Shaft

B 100 N
70
50
40
35
17 DIN 509 - F1x0,2
I
B I
|| I
i
I
o o o o o
L o H— ® < © ~ &)
0 = Q| Q Q Q
0o
IR |
N - 2
\ - S '
\/ Y
¢
|
|| 2x45° 0.5x45° || oxa5°
(Verwendungsbereich) (Zul. Abw.) (Oberfl.) |MaBstab 1:1 (Gewicht)
Werkstoff, Halbzeug)
Rohtell—NQ
Modell- oder Gesenk-Nr)
Datum Name
Bearb|30.10.01 | KHE
Gep. STUFENWELLE
Blatt
02 Blatter
Zust]  Anderung | Datum |Name| Ursprung Ersatz fir: | Ersatz durch:
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7.2 Shaft02

100
80
75
35
1 X
3x45°
é’ —
|\ J]
i
]7 H
3 %
o
o Q Q o
J
S =
r
A Y
6 1/
\( [ Qq Qy
Y
B
15¢°
60
X
< | All non-dimensioned radii
1
4.2
[
(Verwendungsbereich) (Zul. Abw.) (Oberfl.) |MaBstab 1:1 (Gewicht)
Werkstoff, Halbzeug)
Rohteil-Nr
Modell- oder Gesenk-Nr)
Datum Name
Bearb|30.10.01 | KHE
Gpr. WELLEO2
Norm
05 Blatt
) Blatter
Zust, Anderung | Datum |Name Ursprung Ersatz flr: \Ersatz durch:
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8 Additional Tasks Milling

8.1 Flange

10

/ V' A Vm‘

20

82
100

L/
\_ | _/ !
132
150
(Verwendungsbereich) (Zul. Abw.) (Oberfl.) |MaRstab 1:1 ‘(Gewicht)
Werkstoff, Halbzeug)
Rohteil-NQ
Modell- oder Gesenk-Nr)
Datum Name
Bearb,06.03.02 PURR
Gepr. FLANSCH
Norm
t'] Technologie Blatt
1
*‘l Blatter
Zust| Anderung | Datum |Name| Ursprung Ersatz fiir: \ Ersatz durch:
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8.2 Exercisel1

Schnitt A-A

@50

10

20

ol ©
W i
|
|
120 A
150
(Verwendungsbereich) (Zul. Abw.) (Oberfl.) |Malstab 1:1 ‘(Gewicht)
Werkstoff, Halbzeug)
RohteiI—Ng
Modell- oder Gesenk-Nr)
Datum Name
Bearb/06.03.02 PURR
Gopr. UEBUNG 11
Norm
9 Technologie Blatt
y Center
(I Blatter
Zust| Anderung | Datum |Name| Ursprung Ersatz fir: \ Ersatz durch:
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