06.93 11 Tool Radius Compensation (G40/G41/G42)

11 Tool Radius Compensation (G40/G41/G42)

The tool radius compensation (TRC) takes account of the tool radius for automatic
compensation. The tool radius compensation calculates an equidistant path to the programmed
contour. The compensation will take effect along the direction of movement to the left or to the
right of the programmed contour, defined with G functions G41 or G42. The function is
deselected with G40. These G functions are modal. G41/G42 refer to a right-handed
rectangular coordinate system.

--------------- —  TRCleft
/
. Programmed contour
S e — TRCright

Tool radius compensation (G40, G41, G42)

Use of tool radius compensation on turning machines

On turning machines, the direction of compensation appears to depend on whether machining
is taking place in front of or behind the centre of rotation. When machining BEHIND the centre
of rotation (clockwise coordinate system) is the definition is as above.

When machining is IN FRONT of the centre of rotation (X axis mirrored around the Z axis), the
direction of compensation is reversed for the operator. The part program and the tool offsets
are the same whether the same workpiece is machined IN FRONT of or BEHIND the centre of
rotation because there is rotation symmetry.

I N\ G4le-- 2 1z
~ \\\ o

/ G4l=—-- Z ¥ X

Behind the centre of rotation In front of the centre of rotation  Vertical turret lathe

7

N
\©)

Using TRC (G41/G42) behind/in front of the centre of rotation

Note:

Please specify which tool is to be used in the machining program. The machining program
should be tested with the smallest and the largest possible tool radius.
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11 Tool Radius Compensation (G40/G41/G42)
11.1 Behaviour at corners (G450/G451)

111

06.93

Behaviour at corners (G450/G451)

With the G commands G450 and G451, behaviour during transition from a contour element
(straight line, circle) to a different contour element (behaviour at corners) at external corners
when TRC (G41/G42) is selected can be controlled. These G functions are modal.

The initial setting of G450/G451 can be set in the

machine data.

Comments on the following diagrams:

The thick line ( =) represents the contour elements. The cutter centre line is shown by

the dotted line ( —-—).

External corner : 0 <180°

G450: TRC with transition circle

G451: TRC with intersection

Transition circle
(Radius =tool radius)

o

The centre point of the tool follows a circular
path with the tool radius. This begins with the
normal position (perpendicular to path
tangent) at the end point of the previous path
section and ends with the normal position at
the starting point of the new path section.

The transition circle is programmed before
the next block (N20) and is declared as
belonging to this block.

Intersection

Up to three intermediate blocks are inserted
at the external corners (see following
diagrams).

The inserted intermediate blocks are also
declared as belonging to the next block (here
N20).

G450/G451 with TRC (G41) selected at an external corner

11-2
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06.93 11 Tool Radius Compensation (G40/G41/G42)
11.1 Behaviour at corners (G450/G451)

In the case of internal corners , the intersection of two equidistants of two successive path
sections at a discontinuous transition are always calculated independent of G450/G451.

Internal corner: 180°

G450 TRC with transition circle/G41 TRC with intersection

- — centre path of tool

G450/G451 with TRC (G42) selected at an internal corner

With the G commands G451/G450 it is always possible to program a change from "TRC with
intersection to TRC with transition circle” or vice versa in the part program.

e N
N30 - N N10 X.. Y.. G451
Nlo/'/& ~. N20 e 'NON40 N20 X Y.
e T~ e . N30 X.. Y.. G450
J N >~ T ON40 X. Y

Transition behaviour G451/G450

Comments on the following diagrams:

The contour elements are shown by the bold line ( ). The tool centre line is shown by
the dotted line ( — - —). Programmed approach paths are shown by the thin line ( ).
All stopping points with individual blocks are marked with an S together with the associated
block number in brackets. G42 is used in these examples.
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11 Tool Radius Compensation (G40/G41/G42) 06.93
11.2 Selection/deselection procedure (G455/G456)

11.2  Selection/deselection procedure (G455/G456)

When selecting/deselecting the function in the angular range "Behind the contour <180°”
you can select whether the selection should be compensated for (G455) or directly executed
in the "normal position” (G456). In the block following the selection block, a block starting
vector (length R) is erected perpendicular to the programmed path. The G functions are non
modal and must be programmed in a block with G40/G41/G42.

Selection/deselection with <180°

G42/G455: "Compensated approach/departure” G42/G456: "Approach/departure normal position”

\ R
¢
S(Nos) ~\--b—-—->—-—

S(n10) S(nos)
The programmed approach/exit point is The programmed approach/exit point is
avoided. approached in the normal way.

G455/G456 with TRC selection/deselection

Note:

If G455 is not programmed in the selection block, then selection with G455 is carried out
automatically (G41= G41 and G455). Approach with G456 makes it possible to approach the
contour directly above the workpiece and then to lower the tool (e.g. with milling machines). It
is also possible to directly approach a point outside the workpiece. Intermediate blocks are no
longer necessary thus shortening program execution times.

Selection with G42/G456 with <180°
Approach with milling machines Approach outside the workpiece
VA Y Y
X X
| //
N10
[ ]
— e
S(Nos)
N10 G42 G456 X  (p1) Y (P1) S(nz0) N5 G42 G456 X (p1) Y (P1)
N20 Z... N10 X... Y...
N30 X (p2) Y (P2)
G456 with TRC selected
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04.96 11 Tool Radius Compensation (G40/G41/G42)
11.3 Selecting TRC (G41/G42)

11.3  Selecting TRC (G41/G42)

Tool radius compensation is selected in the plane defined with G16 to G19 and with the
preparatory functions G41/G42 together with the tool offset number D. It is not possible to
change planes when tool radius compensation is active.

As soon as tool radius compensation is selected, two program blocks are read in to calculate
the intersection.

Tool radius compensation can only be selected in a program block with
G00/G01/G10 or G11. The compensation will only have an effect if at
least one axis of the selected plane is programmed.

When TRC is active, both axes in the plane are traversed
even if only one axis is programmed.

Tool radius compensation is not selected
if tool offset number DO is programmed.

Tool radius compensation is usually selected in the angular range 180° and is therefore
independent of the set approach and corner behaviour (see Sections 11.1 and 11.2). The
programmed point is approached directly in the "normal position” (perpendicular on approach

.

N10

Selection with G42 where >180°

Straight line/
straight line

Straight line/
circular arc

N\

o

T~
Snos) "
\

Selection of TRC with >180°
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11 Tool Radius Compensation (G40/G41/G42) 06.93
11.3 Selecting TRC (G41/G42)

If the function is selected in the angular range 180°, the set selection procedure
(G455/G456, see Section 11.2) is used. If compensation selection (G455) is programmed, the
set behaviour at corners (G450/G451, see Section 11.1) is used. This results in a contour
violation (see following examples, < R!).

Selection with G42 where 90° 180°

G455: Compensated approach G456:  "Normal position
G450: TRC with transition circle | G451: TRC with intersection approach”
Straight line/straight line . Straight line/straight line Straight line/straight line

Straight line/circular arc

\' R
' R (5 R R
. .
Snos)y T~ S_E_ S(nos) S‘ .— Sb_ S\E_
a<R! (N10) \\ a<R! (N10) ©(N10) \\ (NO5) \\

Selection with G42 where  <90°

G455: Compensated approach G456:  "Normal position
G450: TRC with transition circle G451: TRC with intersection approach”
Str. line/str. line

Str. line/str. line Straight line/straight line

—/’

Stvos) 1642

. S(n10) R /'
N\ S \ .
<2MN0Lg * S(nio) S &d
= — - — - —-—-— . = —-—- *~— - (Nos) —_—-— - —— -
a<R! a<Rl Yo pd]
Str. line/circ. arc - - Straight line/circular arc_. - Straight line/circular arc
S -~
(Ntf) <Vcaz NO5

S0y R Nio R/ Nio

S Seupd ) ﬂ
S(nos) X

a<R! T;—R—> : N
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06.93 11 Tool Radius Compensation (G40/G41/G42)
11.4 TRC in the program

11.4 TRC in the program

When tool radius compensation is selected, the control reads in two further blocks in advance
during processing of the current block and calculates the intersection of the compensated
paths. During machining the tool path is independent of the TRC selection/deselection
procedure (G455/G456), but dependent on the programmed behaviour at corners
(G450/G451). The following diagrams show the behaviour of TRC with various transitions.

G450: TRC with transition circle

Internal contour 180° External contour 90° <180° External contour <90°

Straight line/straight line Straight line/straight line

R R
h G4\2\ <o R
oy - YO\ -—

- Spuo S . JE_ ..... -—

S(nis) S(nis)
Straight line/circular arc Straight line/circular arc Z
77/
Nm%

Circular arc/straight line

S(NlO) lGaz N10 /
/ /

G42 \ .
—A |
o\ R . N15
\
S N10) * R * R
o v (COIN \.
(dcaz N - ~- —
R . Snis) S(nis)
Circular arc/circular arc 7 4 Circular arc/circular arc Circular arc/circular arc
S(Nlo) ¢ G42 NlOV
/e //
‘ R
[ °
\ °
N10 N15
. \\\ R N15
o4z, o\ /e
:|, A '~
° el Sy |e ° Sinis) ™4
R
TRC with transition circle (G450)
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11 Tool Radius Compensation (G40/G41/G42) 06.93
11.4 TRC in the program
G451: TRC with intersection
Internal contour 180° External contour 90° <180° External contour <90°
Straight line/straight line Straight line/straight line  |Straight line/ ’G42
straight line 7
/ N10
/ °
R,
i R
S
\<‘ (N10) N15
\\ R

\ ¥
- ——— -
S(le)K—R—>

N L

Straight line/circular arc

Straight line/circular arc

N0 /
RN
b s
7 N10
] o/ /// ~ Stuo)
v R N15 \
‘b- ) o '

v G42 N10

py)

Snis)

Circular arc/straight line

~
R _ﬂ‘642

..
S(nis)

Circular arc/straight lin

\ )
- -
S(le)t—R—>

/&S\(Nm)

642 N1o

N

Circular arc/circular arc /

4 Circular arc/circular arc

Circular arc/circular arc %

L4z N10
N10 ] /:Z.g\s o
\ 7 R
. \( g
G2 ya R ‘ (N15) <
N10 N15 R
Ga2 ® S(N10) '\ N15 \ R s
s N : t. ‘
! \ &3 < \ S °
1 (N15
[ \ S ' Snis)  S(nis) N, - AJP —
[) R ° (N10) (@ ° \ S(le) ~ \

TRC with intersection (G451)

Note:

If TRC is selected none of the following can be programmed: @714, G25, G26, G54 ... G57,
G58, G59, G92, G74, G16 ... G19, C axis select./deselect. and transformation select./deselect.

Remedy:

11-8

Program these functions before selecting TRC.

Deselect TRC, program functions, select TRC.
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06.93 11 Tool Radius Compensation (G40/G41/G42)
11.5 Deselecting TRC (G40)

11.5 Deselecting TRC (G40)

Tool radius compensation (TRC) is deselected with the preparatory function G40.

Tool radius compensation can only be deselected in a program block with

G00/G01/G10 or G11. The compensations only have an effect if at least

one axis of the selected plane is programmed. The tool offset number DO
corresponds to TRC deselection.

TRC is usually deselected in the angular range 180° and is therefore independent of the
set departure and corner procedure (see Sections 11.1 and 11.2). The programmed point is
approached directly from the "normal position” (perpendicular on contour end point with
distance tool radius R.

Deselection with G42 where >180° (in front of the contour)

Straight line/
straight line

Circular arc/
straight line

Deselection of TRC where >180°
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11 Tool Radius Compensation (G40/G41
11.5 Deselecting TRC (G40)

1G42)

06.93

If the function is deselected in the angular range 180°, the set selection procedure
(G455/G456, see Section 11.2) becomes active. If compensated deselection (G455) is
selected, the set behavioiur at corners (G450/G451, see Section 11.1) is active. This results in
a contour violation (see next example, a < R!).

Deselection with G42 where 90°

180°

a<R!

G40

R /
R il
I >,
g S0

4/63915) S(n20)

G455: Compensated exit G456:  "Exit from normal
G450: TRC with transition circle | G451: TRC with intersection position”
Straight line/  Sqy0) Straight line/  Sgyo) Straight line/ S0
straight line /} straight line /} straight line A
qu/' l' qu/' l' qu/'/
o /I‘ o /I‘ c
' G40 ' G40 o
7
ase| /
N15 Q N15 M ‘
R R /
a<R! X a<R! A Z.\y R/
S — - — ﬂ-’/’ S(nz0) -—»—-—-ﬂ._" S(n20) - — - Y
G42 S(nis) G42 S(nis) G42 S(is)
Circ. arc/str. line S(NZM Circ. arc/str. line S(NZO)//' Circ. arc/str. line S(NZO)/'
s w0, X

R

Deselection with G42 where  <90°

G455: Compensated exit G456:  "Exit from normal
G450: TRC with transition circle | G451: TRC with intersection position”
S(NZO).\T - Str. line/str. line S(N;S)‘\ - 8% str.line/str. line S%O) Str. line/str. line
< S(n20) \

N20 '\ \®/ > N20 '\
R/;“\
I
R / 'S \ R
a<R! y a<R! , C(N20) \
BN S N S S
G42 Sinis) G42 RS9 G42 Sinis)
Snooy®&~ . Circ. arc/str. line S Circ. arc/str. line | Snag™ | Circ. arc/str. line
\\ ~ . - (NZO) ~. \\‘ N20
2o\ \o/ ~ Sowo O
«a /;‘
. R \ e
(J / \
/ N15 \ )
N15 R /, NS R /" Stz ﬂ
é:i -7 ® ¥S(n15) /s N15
a<Rl 7=*S(us) a<R! ;—g:—' — > [S(N20) oo
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06.93 11 Tool Radius Compensation (G40/G41/G42)
11.5.1 Deselection of TRC in combination with program end (M30, M02)

11.5.1 Deselection of TRC in combination with program end (M30, M02)

Deselection of TRC in combination with program end will give varying results with different
combinations (see following diagrams):

Deselection active:

A
Yp-—r—r— == - TS Program examples :
I

N60 X50 Y50 Le
N70 G40 YO Le
I <Ingo m30 Le

50 60 DR S N60 X50 Y50 Le
a N70 G40 YO M30 Le
N70 ’
/,/ N60 X50 Y50 Le
.’50 X N70 G40 YO X50 M30 Le

Deselection not active:

1
Yir—r— === _ST Program examples:
| |N60 x50 Y50 L
© IN70 YO Lg
50 “«—R ;! N80 G40 M30  Lp
N60 | N60 X50 Y50  Lp
L
70 | N70 YO X50 F
SI N80 M30 Lp
50 ' X
&

TRC in combination with M30, M02

The compensation is deselected with G40 in the last but one block together with at least one
axis of the selected plane.

11.5.2 Special characteristics of selection and deselection

G40/G41/G42 without programmed path

G40, G41, G42 can be programmed in a block without programmed paths. However, they first
become active when at least one axis of the selected plane has been programmed with a
movement.

Example of selection:

N10 GOl G17 G41 DO7 X.. V.. Lg At the end of this block the compensated path of
the selected plane has been reached. Only the
radius compensation value is calculated.

N15 Z.. Le Tool length compensation is calculated.

oder

N10 G17 Lg Plane selection

N15 G41 DO7 Le Compensation selection

N20 GOl X.. Y.. Le  Atthe end of this block the compensated path in the selected plane
has been reached. Only the radius compensation value is calculated.

N25 Z.. Le The tool length compensation is calculated.
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11 Tool Radius Compensation (G40/G41/G42) 06.93
11.6 41/G42 when TRC is already active

11.6 G41/G42 when TRC is already active
11.6.1 Repetition of the active G function G41/G42

The following happens when G41/G42 is programmed when these functions are already active:
e the repetition is ignored if G41/G42 is programmed without G455/G456

e if G41/G42 is programmed with G455, TRC is deselected at the last point with G455 and
TRC is selected with G455 at the programmed point

e if G41/G42 is programmed with G456, TRC is deselected at the last point with G456 and
selected at the programmed point with G456

In this way machining at a contour can be terminated and machining of a new contour can be
started without deselecting TRC. Selection/deselection procedure in various angular ranges is
described in sections "Deselecting TRC” and "Selecting TRC”. Behaviour at corners
(G450/G451) is taken into account when selecting/deselecting.

Repetition of active G41/G42 command
G41/G455: Compensated traversing G41/G456: Traverse "normal position”
Y

N10 X (a) Y (A) N10 X (a) Y (&)

N20 G41 G455 X (B) Y (B) (N15 Z.)

N30 X.. Y. N20 G41 G456 X (B) Y (B)
(N25 Zz.)
N30 X.. V..
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06.93 11 Tool Radius Compensation (G40/G41/G42)
11.6.2 Changing the direction of compensation G41 G42

11.6.2 Changing the direction of compensation G41 G42

If G41/G42 is programmed when already active the following happens:

» If G42 is programmed without G455/G456, TRC is deselected at the last point with G456
and selected at the programmed point with G456

« if G42 is programmed with G455, TRC is deselected at the last point with G455 and
selected with G455 at the programmed point

» if G42 is programmed with G456, TRC is deselected with G456 at the last point and
selected with G456 at the programmed point. G456 need not be programmed.

Changing the direction of compensation

G42/455: Traversing with compensation G42/G456: Traverse’normal position”
AY A Y
G4l active\*d (\ G41 active\ * A\
X Q f . X N
L - RR \ L - R \\
N10 /ey N N30

RR
N10 X (a) Y (A) \‘Z h N10 X (a) Y (A)
N20 G42 G455 X (B) Y (B) —d—-— (N15 Z.)
N30 X.. Y.. N20 G41 G456 X (B) Y (B)
(N25 Z.)
N30 X.. Y..
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11 Tool Radius Compensation (G40/G41/G42)
11.6.2 Changing the direction of compensation G41 G42

06.93

If the compensation is to be altered at a certain point this point must be programmed twice.

Partial machining of a turned part

N50 G42 X (a) Z (A)
N55 GO1 X (B) Z (B)
N60 G41 X (B) Z (B)
N65 X (c) Z (C)
N70 X (D) Z (D)
N75 X (E) Z (E)
N80 G40 X.. Z.

1
' Deselection

B
\

Z

; Selection of G42 to point A

; Traverse to point B (starting position for G41 selection)

; Selection of G41 to point B!
; Continued contour programming

Selectioi
N50 |

A

7

Complete machining of two contour sections
N5 X..Y.. ; PO - T T T N25
N10 G42 G1 X..Y.. ; P1 - first initial compensation .~ N
N15 G3 X.. Y. l.J. ; P1 - circle is completed in normal position N,
N20 G1 G42 G456 X.. Y.. ; P2 - is approached in normal position N
N25 G3 X.. Y.. I.. J.. ; P2 - completed circle \
- \
¢/ \
/ !
/ I
/ /
| /
i 7
. e
\ e
\ SNy T
\ / d
\\ v programme
N .
~ . -~
11-14
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06.93 11 Tool Radius Compensation (G40/G41/G42)
11.6.2 Changing the direction of compensation G41 G42

Line by line milling with tool radius compensation

N10 X (a) Y (A) ; N10 X (a) Y (A) ;
N20 G42 X (B) Y (B) ; Compensation selection |N20 G42 X (B) Y (B) ;, Compensation selection
N30 X (c) Y (©) ; Mill first line N30 X (c) Y (©) ; Mill first line
N40 G41 X (D) Y (D) ; Infeed movement [N40 G41 X () Y (B) ; Exit
N50 X (E) Y (E) ; Mill second line N50 G42 X (g) Y (g) ; Infeed movement
N6O G42 X (F) Y (F) ; Infeed movement |N60 X p) Y (p) ; Mill second line
N70 X (G) Y (@) ; Mill third line N70 G41 X () Y (B) ; Exit
N80 G40 X (H) Y (H) ; Deselect compensation (N80 G42 X (F) Y (F) ; Infeed movement
N90 X (G) Y (G) ; Mill third line
N99 G40 X (H) Y (H) ; Deselect compensation
© Siemens AG 1992 All Rights Reserved ~ 6FC5198- AA10 11-15
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11 Tool Radius Compensation (G40/G41/G42) 06.93
11.7 Changing the tool compensation number (D...)

11.7  Changing the tool compensation number (D...)

X
\
z RGN
y e
D1 \\\ - —
N4
N20 G41 D1 X.. Z.. S(Nm:( R2
. /N40 R1
N40 X.. Z.. /////
N45 D2 X.. Z.. : Changing the \D2ye.
active cutting edge N45
N50 X.. Z..

Changing the compensation number

When the offset number is changed the following applies:

1. The block start intersection is calculated with the first tool radius.
2. The block end intersection is calculated with the second tool radius.

Use:

— Tool with several cutting edges
— Cutting edge 1 (D1) is in cutting edge position 3
— Cutting edge 2 (D2) is in cutting edge position 4

Note: The offset number can only be altered in linear blocks.

11.8 Changing compensation values
The compensation values can be changed via the operator panel, the RS232 interface or via
the PLC as an external tool offset. If the compensation values are changed in the program,

they do not become active until two blocks after the compensation change has been
programmed. If the changes are to become active immediately, the compensation values can

only be entered in the NC stop state.
Ry
,

/ R2
_____ — o — m — - — - ,
Y Tj S(N35_).\\ /
\ 2

v
Rlé\)\ _1_/ jsmzts) //
o)
/,

@;’/
) &
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06.93 11 Tool Radius Compensation (G40/G41/G42)
11.9 Procedure with precompensated contours

11.9 Procedure with precompensated contours

If the program has already been written with the nominal radius of the tool (centre point path),
the tool radius compensation need only contain the difference between the nominal radius and

the actual tool radius used.

Negative compensation values for the tool radius can also be used here.

Example for milling:

Tool (nominal radius R1 programmed)

Actual tool used

_______ Programmed centre path

ch, 272 ynt c///// (precompensated path)

Procedure with precompensated contours

Radius value to be entered in the offset memory:
R2 — R1 ( Input positive, as R2 > R1)

The entered radius value is negative when R2 < R1.

© Siemens AG 1992 All Rights Reserved = 6FC5198- AA10
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11 Tool Radius Compensation (G40/G41/G42)

11.10 Effect of G functions, M/auxiliary functions and feedrates

06.93

11.10 Effect of G functions, M/auxiliary functions and feedrates

G450: TRC with transition circle

G451: TRC with intersection

ﬂY
- — . F2000
s1 - ~.
O
F1000 / . \
50 ,/ N25 \
——/ N20 <R 3 S2
! N30 | F2000
/ il
g 50 | sa
S0 :

N5 G450

N10 GO1 X0 YO F1000
N20 G41 X50 Y50 H1

N25 M3 S2000 z-5 F10 H2
N30 YO F2000 H3

(S1)
(S1)
(S4)

SO

[ ]
by Py \onoo
R ‘oS3
s1 , “?
F1000 / | R
/R :
50 N25
~ /7 N2o (AST R
! N30 | F2000
/ .
g 50 |'s4
- . » X
N5 G451
N10 GO1 X0 YO F1000
N20 G41 X50 Y50 H1 (S1)
N25 M3 S2000 Z-5 F10 H2 (S1)
N30 YO F2000 H3 (S4)

Effect of auxiliary functions and feedrates

The tool radius compensation generates one or several intermediate blocks for machining
external corners. An additional block can be programmed outside the TRC plane (N25)
between the blocks programmed in the TRC plane (N20 and N30). The auxiliary functions

have the following effect:

*  The auxiliary functions in the first programmed block of the TRC plane (H1 in N20) are

output at point SO.

¢ The auxiliary functions or infeed movements in the programmed block outside the TRC
plane (H2, M3, S2000, Z-5 in block N25) are output at point S1.

* No auxiliary functions are output in the intermediate blocks generated by the tool radius

compensation.

They are traversed with the feedrate and the G functions of the next block (F2000 in N30).

If no feedrate is programmed in the next block, the last feedrate to be programmed is
used. This can also be the feedrate programmed in a block outside the TRC plane (F10 in

N25).

Any non-modal G functions in the next block (G09) are active in every intermediate block.

¢ The auxiliary functions in the second programmed block of the TRC plane (H3 in N30) are
output after the generated intermediated blocks (S2 for G450, S3 for G451).

You can define in the MD whether the auxiliary functions are
to be output before or during the axis movement.
Independently of this, there are M functions (M0O, M01, M02,
M18, M30) which do not become active until block end.
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07.97 11 Tool Radius Compensation (G40/G41/G42)
11.11 TRC with blocks outside the compensation plane

11.11 TRC with blocks outside the compensation plane
When TRC is active, up to 3 blocks (N30, N35, N40) can be "programmed” outside the
compensation plane and up to 2 blocks in the compensation plane (N25, N35).

If more than 3 blocks are programmed outside the compensation plane, alarm 3021, "Contour
violation with TRC" is triggered.

Note: With SW 1 and 2 only one block can be "programmed" outside the compensation
plane. If more than 1 block is programmed outside the compensation plane, alarm
3021, "Contour violation with TRC" is triggered.

One of the following can be a block outside the compensation plane:

e An "auxiliary function block" e.g. M08, H1

* A block with "path = 0"; a block in the compensation plane (X0) is treated like a block
outside the compensation plane (Z0).

» Block not in the compensation plane e.g. Z-5

» A calculation block with comments

Example:

N25 G91 X200 Lp (Block in compensation plane)

N30 MO8 H1 Lg (Block outside the compensation plane)

N35X0 Lg (Block in compensation plane with path = 0 is treated
like a block outside the compensation plane)

N40Z5 Lp (Block outside the compensation plane)

N45Y-100 Lp (Block in compensation plane)

N30, N35, N40 are executed at point Sn2s).

N30, N35, N40
Y —_——— g — - — - — -

%/st

< R
=

TRC with block outside compensation plane

The effect of this alarm can be influenced in the machine
data, contour violations may result if traversing is
continued after the alarm.

© Siemens AG 1992 All Rights Reserved ~ 6FC5198- AA10 11-19
SINUMERIK 840C (PG)



11 Tool Radius Compensation (G40/G41/G42) 12.93
11.11 TRC with blocks outside the compensation plane

Y
X
Example:
N25 G91 X200 Lp
N30 M.. (or H..) Le
N35 X0 (or YO or Z0) Le

N40 z5 Lg
N45 M.. (or H.. or X0, YO or Z..)

N50 Y-100 Lg

. Contour error

Block in compensation plane

Auxiliary function block

Block with path =0

Block outside the compensation plane
Le 4th block outside the compensation

plane alarm 3021

Block in compensation plane

TRC with more than three blocks outside the compensation plane
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06.93 11 Tool Radius Compensation (G40/G41/G42)
11.12 Contour violation with tool radius compensation

11.12 Contour violation with tool radius compensation

Contour violations can occur with three successive contour elements and a tool radius.

The tool centre line is an equidistant with the distance tool radius (R) to the programmed path.
The equidistants from the first and third contour elements can form an intersection (P). If the
length of the perpendicular (L) from the second contour element to intersection P is longer
than the tool radius, contour violation will occur. The control outputs alarm 3021 "Contour
violation with TRC” during processing.

The effect of alarm 3021 can be influenced

via machine data

l S = Stopping point

% Contour violation

/////2/

TRC special case: Intermediate block < compensation value
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11 Tool Radius Compensation (G40/G41/G42) 06.93
11.13 Contour violation without TRC on turning machines

11.13 Contour violation without TRC on turning machines

Turning tools (type P1=1 ... P1=8) are usually measured with reference to the theoretical tool
tip P (see Section 10.4).

If TRC is not used, dimensional errors can occur because of the tool nose radius. Such errors
can be avoided by selecting TRC.

Tool point direction P1 =3

S = Tool nose radius centre
P = Theoretical tool tip

Programmed
set contour

Actual contour

Turning tool

Dimensional err6r /P
5 / % ,

Fig.: Dimensional error resulting from the tool nose radius of the cutting tool without TRC

N

|

/
N

S =Tool nose radius centre N
P =Theoretical tool tip

G42

Travel direction

Flg.: No dimensional error resulting from tool nose radius of turning tool with TRC.
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11.14 Circle transitions with obtuse angles

11.14 Circle transitions with obtuse angles

When programming exterior contours with circle transitions and obtuse angles (90 < <

180°), one or two intermediate blocks are inserted at the circle transitions (straight line/circular
arc, circular arc/straight line and circular arc/circular arc) (see Section 11.4, "TRC with
transition circle” and "TRC with intersection”). If the angle is almost 180°, the traversed paths
in the intermediate blocks become very small and can stop the continuous path mode. To
avoid this, the control can suppress the intermediate blocks. It either switches from "TRC with
intersection” to "TRC with transition circle” which avoids an intermediate block, or it
approaches the intersection of both blocks. No intermediate block is generated if this is done.

Suppression of intermediate blocks at circle transitions with obtuse angles
Normal case Switchover to transition circle Intersection approach
Circular arc/circular arc Circular arc/circular arc Circular arc/circular arc
B S
A A~ C A C I N
. ° . . . pre . = £~ . e 7~
- ~. ) /\‘_S\ /1'/\ . P ('_S\ A’/ ~
R R R N R R R N, L, R R N
/ N N N
L] (] A L] L] k L] L ]
Straight line/circular arc Straight line/circular arc
B S
A«? . g)’\C - -~.
_ ~ _ 3 3 .
e " ~° N,
- R R . L - R R AN
\ .
L] L] ’ L] L]

The distance form A to C is compared with the distance defined on start-up to determine
whether switchover will take place. If the distance A to C is smaller than the defined distance,
an intersection is traversed (applies to all circle transitions with "TRC with transition circle”
G450 and "TRC with intersection” G451). If the distance A to C is less than double the
defined distance, the control switches to "TRC with transition circle” G450 with "TRC with
intersection” G451 and transition circular arc/circular arc.

Caution:

When an intersection is approached, the programmed circular arc(s) is/are lengthened. If the
circle is lengthened to exceed 360°, only the section above 360° is traversed.

Remedy:
Divide such a circular arc into several sections.

The distance for switchover

is defined in the MD.
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11 Tool Radius Compensation (G40/G41/G42) 10.94
11.15 Example

11.15 Example

by

100+

90 —

80 —

70—

60 —

50 —

40 —

30—

20—

10—

X
°r——7T—7T 71 T 17 1 T T T T T T =
0 10 20 30 40 50 60 70 80 9 100 110 120

Complete machining of a workpiece with active TRC
N1 GO X15 Y60 Z.. ; Approach starting point (PO)
N10 G41 G450 G1 G17 G90 D1 X30 Y60 F400 S80 M3 ; Transition circle
N20 X40 Y80
N30 G2 X65 Y55 10 J-25
N40 G1 X95
N50 G2 X110 Y70 115 JO
N60 G1 X105 Y55
N70 X110 Y35
N80 X90
N90 X65 Y15
N100 X40 Y40
N110 X30 Y60 ; (P1)
N120 G40 X15 Y60 ; Terminate compen. mode (P0)
N130 GO Z50 M30

Note: Contour is violated whenr > h

7% r
T
7
END OF SECTION
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