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Steel - low carbon

Steel - alloyed steel

Steel - highly alloyed
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P

Stainless steel - austenitic

Stainless steel - duplex

EE!A;AECB

@!A;AE$B

!?E#A;A!?E@

!?!DA;A!?E"
M

Gray cast iron

High-strength cast iron with 
globular graphite

EE!A;AED!

EE!A;AEC!

!?E!A;A!?#B

!?E!A;A!?#E
K

Hard-to-process materials -
nickel alloys

Hard-to-process materials - 
titanium alloys
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!?!CA;A!?EB
S
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Steel - low carbon

Steel - alloyed steel

Steel - highly alloyed

Stainless steel - austenitic

Stainless steel - duplex

Gray cast iron

High-strength cast iron with 
globular graphite

Hard-to-process materials -
 nickel alloys

Hard-to-process materials - 
titanium alloys
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Steel - low carbon

Steel - alloyed steel

Steel - highly alloyed

!?E"A;A!?#%

!?E!A;A!?##

!?!CA;A!?ED

P

Stainless steel - austenitic

Stainless steel - duplex
M

Gray cast iron

High-strength cast iron with 
globular graphite

K

Hard-to-process materials -
 nickel alloys

Hard-to-process materials - 
titanium alloys
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Steel - low carbon

Steel - alloyed steel

Steel - highly alloyed

P

Stainless steel - austenitic

Stainless steel - duplex
M

Gray cast iron

High-strength cast iron with 
globular graphite

K

Hard-to-process materials -
 nickel alloys

Hard-to-process materials - 
titanium alloys
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Steel - low carbon

Steel - alloyed steel

Steel - highly alloyed

Stainless steel - austenitic

Stainless steel - duplex

Gray cast iron

High-strength cast iron with 
globular graphite

Hard-to-process materials -
 nickel alloys

Hard-to-process materials - 
titanium alloys
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Steel - low carbon

Steel - alloyed steel

Steel - highly alloyed

Stainless steel - austenitic

Stainless steel - duplex

Gray cast iron

High-strength cast iron with 
globular graphite

Hard-to-process materials -
 nickel alloys

Hard-to-process materials - 
titanium alloys
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!"#$

!"#$%&&'(%")$*%"+%,-''.
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Steel - low carbon

Steel - alloyed steel

Steel - highly alloyed

%%&'('%)&

%%&'('%)&

)&'('%*&

&+%,'('&+-*

&+%,'('&+-.

&+%/'('&+-%
P

Stainless steel - austenitic

Stainless steel - duplex

%%&'('%*0

1&'('%.0

&+%,'('&+-.

&+%%'('&+%0
M

Gray cast iron

High-strength cast iron with 
globular graphite
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K
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Steel - low carbon

Steel - alloyed steel

Steel - highly alloyed
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Stainless steel - austenitic

Stainless steel - duplex

%%&'('%*0

1&'('%.0
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Gray cast iron

High-strength cast iron with 
globular graphite
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Steel - low carbon

Steel - alloyed steel

Steel - highly alloyed

%%&'('%)&

%%&'('%)&

)&'('%*&

&+--'('&+/%

&+--'('&+-1

&+%)'('&+-0
P

Stainless steel - austenitic

Stainless steel - duplex
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Gray cast iron

High-strength cast iron with 
globular graphite
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For more information on cutters see page 059-060
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Steel - low carbon

Steel - alloyed steel

Steel - highly alloyed
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P

Stainless steel - austenitic

Stainless steel - duplex
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M

Gray cast iron

High-strength cast iron with 
globular graphite
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Steel - low carbon

Steel - alloyed steel

Steel - highly alloyed
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Gray cast iron

High-strength cast iron with 
globular graphite
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Steel - low carbon

Steel - alloyed steel

Steel - highly alloyed
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Stainless steel - austenitic

Stainless steel - duplex

!!"#$#!&*

("#$#!)*

"'!&#$#"'0(

"'!)#$#"'00
M

Gray cast iron

High-strength cast iron with 
globular graphite
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Gray cast iron

High-strength cast iron with 
globular graphite
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Steel - low carbon

Steel - alloyed steel

Steel - highly alloyed
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Stainless steel - austenitic

Stainless steel - duplex
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Gray cast iron

High-strength cast iron with 
globular graphite
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Hard-to-process materials -
nickel alloys

Hard-to-process materials - 
titanium alloys
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Steel - low carbon

Steel - alloyed steel

Steel - highly alloyed
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globular graphite
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""-(2")3+4-1*"1&*-(%(.
!"7853&2"9*"3)*2"%(")6-&&"2*0$8:54:13$)
!";-("9*"3)*2"<%$8"*&*/-$*2"4**2)"
!"=()*+$)"<%&&"4%$"65)$")$-(2-+2"13$$*+)

!"#!$"#!%&

'(%%)*&

!">3+"?@AB"C"?@AD"%()*+$)"<%&&"4%$"65)$"=7>")$'&*"13$$*+)
!"E()3+*".552")%$$%(."54"$8*"%()*+$)"%("$8*"051F*$
!"G5+")$+5(.")1+*<"1&-60%(.":"*()3+*"9*$<**(""HIJ"$5"KLIJ"-+1":"-4$*+"4%+)$"
""+*)%)$-(1*"$5"1&5)%(."54"$8*")1+*<
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%
&&&'

(
#)

*
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$
'

!"!



!"#$%&%!"#'

!"#$%&'$(%#)%"*%+,--&

Steel - low carbon

Steel - alloyed steel

Steel - highly alloyed

!!"#$#!%"

!!"#$#!%"

%"#$#!&"

"'!(#$#"')*

"'!*#$#"'+,

"'"%#$#"'+(

-./0

P

Stainless steel - austenitic

Stainless steel - duplex

!!"#$#!&(

,"#$#!)(

"'!)#$#"'+)

"'!!#$#"'*%
M

Gray cast iron

High-strength cast iron with 
globular graphite

!!"#$#!%"

!!"#$#!&"

"'!*#$#"')!

"'!*#$#"'+&
K

12345#6/#784 "'(#$#!'"

!"#$%.&$-%#)%"#%+,--&

Steel - low carbon

Steel - alloyed steel

Steel - highly alloyed

!!"#$#!%"

!!"#$#!%"

%"#$#!&"

"'!,#$#"'),

"'!(#$#"'))

"'!*#$#"')!

-./0

P

Stainless steel - austenitic

Stainless steel - duplex

!!"#$#!&(

,"#$#!)(

"'!&#$#"')"

"'!)#$#"'+(
M

Gray cast iron

High-strength cast iron with 
globular graphite

!!"#$#!%"

!!"#$#!&"

"'!(#$#"')&

"'!(#$#"')+
K

12345#6/#784 "'(#$#*'"

!"#/%.&$-%#)%+,--&

Steel - low carbon

Steel - alloyed steel

Steel - highly alloyed

!!"#$#!%"

!!"#$#!%"

%"#$#!&"

"'*!#$#"'&9

"'!,#$#"'&*

"'!(#$#"'9%

-./0

P

Gray cast iron

High-strength cast iron with 
globular graphite

!!"#$#!%"

!!"#$#!&"

"'!,#$#"'&(

"'!,#$#"'&!
K

12345#6/#784 "'(#$#*'"

!"#$%.(&0%#) "#%+,--&

Steel - low carbon

Steel - alloyed steel

Steel - highly alloyed

!!"#$#!%"

!!"#$#!%"

%"#$#!&"

"'*)#$#"'((

"'*!#$#"'(!

"'!,#$#"'),

-./0

P

Stainless steel - austenitic

Stainless steel - duplex

!!"#$#!&(

,"#$#!)(

"'*+#$#"')(

"'*"#$#"')"
M

Gray cast iron

High-strength cast iron with 
globular graphite

!!"#$#!%"

!!"#$#!&"

"'*!#$#"'()

"'*!#$#"'("
K

12345#6/#784 "'(#$#+'"

!
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$
%
&&
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(
#)

*
"(

$
'



!"#$%&'()%#*%+,%--(

Steel - low carbon

Steel - alloyed steel

Steel - highly alloyed

!!"#$#!%"

!!"#$#!%"

%"#$#!&"

"'()#$#"')*

"'(+#$#"')(

"'((#$#"'&%

,-./

P

Gray cast iron

High-strength cast iron with 
globular graphite

!!"#$#!%"

!!"#$#!&"

"'(+#$#"')+

"'(+#$#"')!
K

01234#5.#673 "'+#$#8'"
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*
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$
'

!"#



!"#$

!"#$%&#

!"#$%%&'( )*+!,-.#-/& -! ,* +

0122222130

0122222134

!"#$%&'$()*%+,%-.((&

!"#$%)*&/%+,%-.((&

5$63

10$72

1$02

1$02

3$57

6$68

'($%)(!$*

!"#"$%"#& '()&%"#&

+)(#%25#310%.,
'&332

+)(#%1026%.,
'&332

!"'()&%"#&*+%",*-./01/."#$%&"
""'(")'*)+,%%&"-./)'('(*
!"0'1$2"/)3'/%",31"#($2.45%"
""-./)'('(*"31",31"2)'/6"/.$2'(*"

+%

0.32

15.0
Deg

10.0
Deg

,%-.$# /0!+)1%$-2$%#

2+
3"&%

2+
4(5

!"#"$%"#& '()&%"#&

!"#$$%

(
-9

9-
&
:
%%
%+
/
9'

#
-/

&
+

;-,+#%!</-!*

+=>?@A%-BCA@DC%E%%FGDH%16%I%.JCGDGKA%"BLMA%E%'CAN%OJ@%<GLHE;AAN%"PPMGQ?DGJBC
JO%+>@O?QA%!MA?BGBL%?BN%)GAR(JMN%"PPMGQ?DGJBC%%E%>CA%FGDH%+FGCC$SM>A%!>DDA@C%

-++3!/-&!'"#44!/'"#

!"#$%&'() *+&,-.'() '(.-#*+/%.'()



!"#!$"#!%&

'(%%)*&

!"#$%&'(")*"&+,-./,"$+0"12//-.,"2,-0"&+"34&54"*--06"
""12//&+5"1)+0&/&)+,
!"7),/'("2,-0"*)."1'-$+&+5"'$.5-",2.*$1-,").".)254&+5""
""$88'&1$/&)+,
!"9-8/4:)*:;2/"&,"/(8&1$''("')<
!"=+,-./,",4)2'0">-"2,-0")+'("<&/4")2."0-0&1$/-0"
""12//-.,

For more information on cutters see page 063-064

!"#$
!"#$

%&!'
!"#$

SD09T3-FM-50-Z5-22

SD09T3-FM-63-Z5-22

SD09T3-FM-80-Z7-27

SD1205-FM-50-Z4-22

SD1205-FM-63-Z5-22

SD1205-FM-80-Z6-27

!"#$%&'(()$*+%&'(()

40

50

63

80

16

20

25

32

!"#$%&'(()$*+%&'(()

40

50

63

80

16

20

25

32
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%
&&&'
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*
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$
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!"#
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!"#$%"&

&'()

&"*+

,%*)-,

&"*+

,%*)-./*$0)*

? @&5"9&$A"#$1-:7&'',"BCDDEF"CGHEF"CIDEJ""$.-"$K$&'$>'-

? @&5"9&$A"#$1-:7&'',"BCDDEF"CGHEF"CIDEJ""$.-"$K$&'$>'-



!"#$

!"#$% &'!()*мм+,-)*мм+ ./)*мм+ 0/)*мм+ .'1 23)*мм+ 24)*мм+

56!2)3478

56!2)3478

56!2)3478

56!2)3478

56!2)792:

56!2)792:

56!2)792:

34;<

34;<

34;<

34;<

9;848

9;848

9;848

4;8

4;8

4;8

4;8

3;=

3;=

3;=

3;4

3;4

3;4

3;4

3;4

3;4

3;4

9

9

9

9

<;>

<;>

<;>

4

:

?

8

4

:

?

3;<

3;?

3

7;<

3;:

3;3

7;=

@

@

@

7;:

@

@

@

!ABCDED)
FEGGCHI)#$JGK

-"LH$L
LA#CEM

'L"ILADD$#
.)AHI%$

&%%"NAHF$)O"L
JL"ILADD$#)LA#CEM

!"#$"%&'()*+&+$"%"&,)-#&)*&#.&+$$'/.

0123)453678)9:);<664

Steel - low carbon

Steel - alloyed steel

Steel - highly alloyed

!!"#$#!%"

!!"#$#!%"

%"#$#!&"

"'()#$#!'*+

"'"(#$#!'*"

"'+&#$#!'!&

,-./

P

Stainless steel - austenitic

Stainless steel - duplex

!!"#$#!&(

0"#$#!+(

"'(*#$#!'""

"'+%#$#"'%(
M

Gray cast iron

High-strength cast iron with 
globular graphite

!!"#$#!%"

!!"#$#!&"

"'("#$#!'*)

"'("#$#!'!%K

12345#6.#784 "'(#$#!'0

Hard materials +"#$#&""')"#$#"'0"H

0123)784=)9:);<664

Steel - low carbon

Steel - alloyed steel

Steel - highly alloyed

!!"#$#!%"

!!"#$#!%"

%"#$#!&"

"'&)#$#!'(+

"'&"#$#!'("

"'9&#$#!'+&

,-./

P

Stainless steel - austenitic

Stainless steel - duplex

!!"#$#!&(

0"#$#!+(

"'&*#$#!'*"

"'9%#$#!'!(
M

Gray cast iron

High-strength cast iron with 
globular graphite

!!"#$#!%"

!!"#$#!&"

"'&"#$#!'()

"'&"#$#!'+%K

12345#6.#784 "'(#$#*'(

Hard materials +"#$#&""'("#$#!'*"H
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!"#$

!"#$%&#

!"#$%%&'( )*+!,-.#-/& -! ,* + 0+

1233333143

1233333141

!"#$%&'()%*+$,%*-.%.,/0(

!"#$%&'$0%*#!,%*-.%.,/0(

21$53

26$73

2$33

3$83

7$9:

6$85

2$1

2$3

'(()!*'&!+"#,,!*+"#

-%'.$# */!(01%$'2$%#

!"#$%

')3

!"#$%&'"%()"'*+,-,./"0$,'"1&/%2/&
!"3*&"4,55,(6"%574,(74"%()"*-$/&"
""+-,829"4%-/&,%5+
!"0%("1/"7+/)"%5+*":*&";574,(74"
""<,-$"5*<"+,5,8*("8*(-/(-

15.0
Deg

+4$%04!$5

+*;#%21#6%";+&%"<'
'&963%%%%%%

!"#$%&'()%*+$,%*-.
.,/0(

!"#"$%"#& '()&%"#&

*+
,"&%

*+
-(.

!"#"$%"#& '()&%"#&

(
-<

<-
&
;
%%
%+
/
<'

#
-/

&
+

=-,+#%!>/-!*

+?@ABC%-DECBFE%G%%HIFJ%13K%.LEIFIMC%"DNOC%G%'ECP%QLB%+@BQARC%!OCADIDN%
GQLB%<LH%+I%"O@SID@S%ADP%LFJCB%&LD%=CBBL@E%(AFCBIAOEG%@EC%HIFJ%+HIEE$0O@C%!@FFCBE%

'(()!*'&!+"#,,!*+"#

!"#$%&'()



!"#!$"#!%&

&'#%()*%+(,#&-(,$.(.-/+0

Aluminum - 
Non-ferrous alloy !""#$#%""""&"'#$#"&!"

()*+

N

,-./0#1*#23/ "&4#$#5&"

&'#%()*01(,2%-(,$.(.-/+0

Aluminum - 
Non-ferrous alloy !""#$#%""""&"'#$#"&!"

()*+

N

,-./0#1*#23/ "&4#$#5&"

3.%%'4&

!"#"$%&'()"*$"'+,-./,"%+0"12//-.,"0-,'3+-0"$*."&'(('+3"
""%(2&'+2&"%((*),
!"4*,/()"2,-0"$*.",2.$%1-"1(-%+'+3"%55('1%/'*+,"
!"6789"'+,-./,"2,-0"'+"1*&:'+%/'*+";'/<"*2.
""12//-.,"=";'(("3'>-"*5/'&%("#(2&'+2&"&%1<'+'+3"
""5-.$*.&%+1-"

!"#$
!"#$

!"%&
!"#$

SE1204-FM-40-Z3-22 

SE1204-FM-50-Z4-22

SE1204-FM-63-Z5-22

SE1204-FM-80-Z6-27

SE12T3-FM-40-Z3-22

SE12T3-FM-50-Z4-22

SE12T3-FM-63-Z5-22

SE12T3-FM-80-Z6-27

!"#$%&'(()$*+%&'(()

40

50

63

80

16

20

25

32

!"#$%&'(()$*+%&'(()

40

50

63

80

16

20

25

32

For more information on cutters see page 065-066
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? @'3"A'%B"C%1-D4'((,"EFGGHI"FJKHI"FLGHM""%.-"%>%'(%:(-

? @'3"A'%B"C%1-D4'((,"EFGGHI"FJKHI"FLGHM""%.-"%>%'(%:(-



!"#$%&%!"#'

!"#$%&#

!"#$%%&'( )*+!,-.#-/& 0* ,* + 1+

2344444354

2344444264

2344444357

2344444262

!"#$%&'()%*+,$%%-$))(

!"#$%&.(/%*+,$%%-$))(

!"#0%&'()%*+,$%12%-$))(%

!"#0%&.(/%*+,$%12%%-$))(

32$64

35$88

32$64

35$88

3$44

3$94

3$44

3$94

:$38

7$69

:$38

7$69

3$34

3$84

3$34

3$84

'($%)(!$*

!"#"$%"#& '()&%"#&

*+!,-.+.(/+0%"/+123-432+53$"&#
!"#$%&"'($)*+",(-"./0.".1-&2%$$"
"""'1)%-/1*$"3"$4-,15%"5*%12/20

"
0.15

10.0
Deg

60
7"&%

60
8(9

!"#"$%"#& '()&%"#&

!"#$$%

+%,-$# ./!0)1%$,2$%#

03

*+:3;"+!"#"$%"#&+0%"/+123-432+
"",(-"0%2%-1*"'15./2/20
!"6/-$)"5.(/5%"$)&7"5(2&/)/(2$

0.16

10.0
Deg

+*;,%324:%"<#&%.(
'&::4%%%%%%

+*;,%3547%"<#&%.(
'&::4

!"#$%&'()%*+,$
-$))(

+*;&%3547%"<#&
'&::4

(
-0

0-
&
=
%%
%+
/
0'

#
-/

&
+

<-,+#%!>/-!*

+?@ABC%-DECBFE%G%%HIFJ%24K%.LEIFIMC%"DNOC%G%PLB%+@BPAQC%!OCADIDN%"RROIQAFILDE%%
G%@EC%HIFJ%+FADSABS%!@FFCBE%

,004!.,&!'"#55!.'"#,004!.,&!'"#55!.'"#

!"#$%&'()



!"#$%&'()%*+,-%./%0-))(

Steel - low carbon

Steel - alloyed steel

Steel - highly alloyed

!!"#$#!%"

!!"#$#!%"

%"#$#!&"

"'!(#$#"')*

"'!+#$#"'),

"'!,#$#"',%

-./0

P

Stainless steel - austenitic

Stainless steel - duplex

!!"#$#!&+

("#$#!1+

"'!&#$#"',(

"'!1#$#"',)
M

Gray cast iron

High-strength cast iron with 
globular graphite

!!"#$#!%"

!!"#$#!&"

"'!+#$#"')+

"'!+#$#"')!K

23456#7/#895 "'+#$#&'"

!"#-%&'()%*+,-%0-))(

Steel - low carbon

Steel - alloyed steel

Steel - highly alloyed

!!"#$#!%"

!!"#$#!%"

%"#$#!&"

"'!(#$#"')*

"'!+#$#"'),

"'!,#$#"',%

-./0

P

Gray cast iron

High-strength cast iron with 
globular graphite

!!"#$#!%"

!!"#$#!&"

"'!+#$#"')+

"'!+#$#"')!K

23456#7/#895 "'+#$#&'"

!"#$%&1(2%*+,-%./%0-))(

Steel - low carbon

Steel - alloyed steel

Steel - highly alloyed

!!"#$#!%"

!!"#$#!%"

%"#$#!&"

"'!(#$#"')*

"'!+#$#"'),

"'!,#$#"',%

-./0

P

Stainless steel - austenitic

Stainless steel - duplex
M

Gray cast iron

High-strength cast iron with 
globular graphite

!!"#$#!%"

!!"#$#!&"

"'!+#$#"')+

"'!+#$#"')!K

23456#7/#895 "'+#$#&'"

!!"#$#!&+

("#$#!1+

"'!&#$#"',(

"'!1#$#"',)

!"#-%&1(2%*+,-%0-))(

Steel - low carbon

Steel - alloyed steel

Steel - highly alloyed

!!"#$#!%"

!!"#$#!%"

%"#$#!&"

"'!(#$#"')*

"'!+#$#"'),

"'!,#$#"',%

-./0

P

Gray cast iron

High-strength cast iron with 
globular graphite

!!"#$#!%"

!!"#$#!&"

"'!+#$#"')+

"'!+#$#"')!K

23456#7/#895 "'+#$#&'"
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!"#$

!"#$%&#

!"#$%%&'( )*+!,-.#-/& -! ,* + 0+

1233333214

1233333241

1233333215

!"#$%&'()%*+$,%-+%.,//(

!"#$%&'()%*+$,%-0%.,//(

!"#$%&'$/%*1!,%-0%.,//(

21$63

21$63

27$83

2$33

2$33

3$93

8$5:

7$96

7$96

2$33

2$33

2$13

'($%)(!$*

+%,-$#

!"
#$%&

!"
'()

*$+$,&$+% -(.%&$+%

!"#$$%

./!0)1%$,2$%#

034

!"#$%&'"($)'"*&+%,+&
/0*(102$+$,&$+%0(34156$(+,

0.12

14.0
Deg

05

/0748$0*$+$,&$+%0"&$309145:410
""-.&"/+0+&%1"2%($)0)0/
!"3)&45"($.)(+"4567"(.06)5).04

0.16

10.0
Deg

*$+$,&$+% -(.%&$+%

+*;#%2138%"<#&%.<
'&773

+*;#%21#7%"=+&%.(
'&773

!"#$%&'()%*+$,%-0
.,//(

'($%)(!$*

(
->

>-
&
=
%%
%+
/
>'

#
-/

&
+

+?@ABC%-DECBFE%G%%HIFJ%13K%.LEIFIMC%"DNOC%G%'ECP%QLB%+@BQARC%!OCADIDN%
G%@EC%HIFJ%+HIEE$0O@C%!@FFCBE%

<-,+#%!S/-!*

,006!.,&!'"#44!.'"#,006!.,&!'"#44!.'"#

!"#$%&'()



!"#!$"#!%&

!"#$%&'(")*"&+,-./,"$+0"12//-.,"2,-0"*).",2.*$1-"
""1'-$+&+3
!"#&+&,4&+3"$+0"5-%&6#&+&,4&+3"12//&+3"1)+0&/&)+,
!"7)/".-1)%%-+0-0"*).".)234"1)+0&/&)+,
!"54)2'0"8-"2,-0"9&/4"59&,,:;'2-"12//-.,"<"/)"$14&-=-"
""")>/&%$'">-.*).%$+1-:
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$
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!"#

'(%%)*&

For more information on cutters see page 065-066

!"#$
!"# $

!"%&
!"# $

!"#$%&'()'&%'*+'$$,

!"#$%&'()'-%'*&'$$

!"#$%&'()'.+'*-'$$

!"#$%&'()'/%'*.'$0

!"#$1+'()'&%'*+'$$

!"#$1+'()'-%'*&'$$

!"#$1+'()'.+'*-'$$

!"#$1+'()'/%'*.'$0

!"#$%&'(()$*+%&'(()
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80
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!"#$%&'(()$*+%&'(()
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63

80
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32

+'')&&,*")&

$%&'(%)

)*+,

)%-.

/(-,0/

)%-.

/(-,012-'3,-

? ;&3"@&$:"#$1-6A&'',"BCDDEF"CGHEF"CIDEJ""$.-"$=$&'$8'-

? ;&3"@&$:"#$1-6A&'',"BCDDEF"CGHEF"CIDEJ""$.-"$=$&'$8'-



!"#$

!"#$%&'()%*+$,%-+%.,//(

Steel - low carbon

Steel - alloyed steel

Steel - highly alloyed

!!"#$#!%"

!!"#$#!%"

%"#$#!&"

"'!&#$#"'()

"'!*#$#"')+

"'!!#$#"'),

-./0

P

Stainless steel - austenitic

Stainless steel - duplex

!!"#$#!&,

+"#$#!*,

"'!1#$#"')*

"'!(#$#"'!%
M

Gray cast iron

High-strength cast iron with 
globular graphite

!!"#$#!%"

!!"#$#!&"

"'!*#$#"'(!

"'!*#$#"')&K

23456#7/#895 "',#$#1'"

!"#$%&'$/%*0!,%-1%.,//(

Steel - low carbon

Steel - alloyed steel

Steel - highly alloyed

!!"#$#!%"

!!"#$#!%"

%"#$#!&"

"'!+#$#"'(1

"'!,#$#"'()

"'!)#$#"')%

-./0

P

Stainless steel - austenitic

Stainless steel - duplex

!!"#$#!&,

+"#$#!*,

"'!&#$#"')+

"'!*#$#"')(
M

Gray cast iron

High-strength cast iron with 
globular graphite

!!"#$#!%"

!!"#$#!&"

"'!,#$#"'(,

"'!,#$#"'(!
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Steel - low carbon

Steel - alloyed steel

Steel - highly alloyed
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Steel - low carbon

Steel - alloyed steel

Steel - highly alloyed
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Stainless steel - austenitic

Stainless steel - duplex
M

Gray cast iron

High-strength cast iron with 
globular graphite
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Gray cast iron

High-strength cast iron with 
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* Big Dia. Face-Mills (100Ø, 125Ø, 160Ø)  are available
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* Big Dia. Face-Mills (100Ø, 125Ø, 160Ø)  are available



!"#$$#%&
!
"
#$

$#
%
&
''
(
)
$*

+
#)

%
(



!"#$%&

!"#$%%

!"#$

%&#'

$%$

!
"
#$$#%

&
''(

)
$*

+
#)

%
(

()*+,-./0123



!"#"$%&'()*+&,"

-##'.)!%""#
!"#$%&%'()*+%",-(".
!"#$%"&'(()"*+,-././0
!"1234",+/"5("6&(7"8".9",$&'".&"'-("*+./",$/&.7(%+'.$/

!%/&(#"00)!%""#
!"#$%&%'()*+%",-(".
!"#$%"&'+./)(&&"&'(()"*+,-././0
!"1234"23",+/"5("6&(7"8".9",$&'".&"'-(",$/&.7(%+'.$/

1/0%)23'(
*/#0%/)%&%'()*+%",-(".
!"#$%",+&'".%$/"*+,-././0
!":;3<",+/"5("6&(7"+&"=())

-"3'04/$")
"!"#$%&%'()*+%",-(".
!"#$%"7.>.,6)'8'$8*+,-./("*+'(%.+)&
!"1234".&"/$'"%(,$**(/7(7

5&67)5/3,("00)
*/#0%/)%&%'()*+%",-(".
!"#$%"-.0-"-+%7/(&&"*+'(%.+)&
!":;3<",+/"5("6&(7"+&"=())

!
"
#$

$#
%
&
''
(
)
$*

+
#)

%
(

!

"

#

$

%



!"#$%&'()*('+

,')-(

./
0.16

10.0
Deg!"#$%&'"($)'"*&+%,+&-"+./0&+/"1/2341"5&)66).7

.0
0.32

15.0
Deg

10.0
Deg

!"82*0/4"($)'"*&+%,+&"32&"&207$"9%($).).7"2&"
0./4%*6+"5&)66).7"(2.5)4)2./

12%334
"!":;8#<"=>?;=@-"7+.+&%6A'0&'2/+"7&%5+
!"#0*A9)(&2."7&%5+"B)4$"CDE"(2%4).7

?F+&"4$+"'%/4"GH"I+%&/-"/'+()%6)/4/"%4"#B)//JK60+"$%F+"
5+F+62'+5"%"0.)L0+"%.5"'%4+.4+5""CDE"(2%4).7"32&"5&)66).7

K%/+5"2."+M4&+9+"'6%/9%"5+./)4I"(29*).+5"B)4$"
$I'+&A'06/+5"5+'2/)4)2."4+($.2627I-"#B)//JK60+"2N+&/"4$+"
92/4"%5F%.(+5"%.5"$)7$A'+&32&9%.(+"5&)66).7"(2%4).7/")."4$+"
9%&,+4J

!"#

!
"
#$$#%

&
''(

)
$*

+
#)

%
(



!"#$

!"#$%&#

!"#$%%&'( )*+!,-.#-/& -! ,* +

0122222234

0122222213

0122222235

0122222214

0122222236

0122222215

0122222202

0122222216

0122222203

0122222232

0122222233

#'()*+,+-+.*'(*/"00+

#'()*+,+-+.*'%*/"00+

#'()*+1+-+.*'(**/"00+

#'()*+1+-+.*'%**/"00+

#'()*+2&0+3*'(*/"00+

#'()*+2&0+3*'%*/"00+

#'()*+4+.+3*'(*/"00+*

#'()*+4+.+3*'%*/"00+

#'()*55+.+3*'(*/"00+*

#'()*55+.+3*'%**/"00+

#'()*5.+,5-*'(*/"00+

7$2

7$2

5$2

5$2

8$94

8$94

9$86

9$86

11$72

11$72

14$02

2$42

2$42

2$42

2$42

2$62

2$62

2$62

2$62

2$62

2$62

1$32

3$08

3$08

3$06

3$06

0$98

0$98

4$02

4$02

4$85

4$85

7$32

+.(:%252324%.,
'&002

+.(:%272324%.(
'&002

+.(:%292426%.(
'&002

!"#$%&'()&*%"#
+,))&

+.(:%292426%.,
'&002

67879:78; %<=;:78;

)%>?$#

@A
B7;:

@A
C<D

67879:78; %<=;:78;
!"#$$%

EB!'FG%$>H$%#

!"#$%&"'(")(*+,$-+".,$/"0123421
!"5$16'".,($.2"7(1"3++1266$82"3-%"
""*-6'39:2";1$::$-+".(-%$'$(-6"
!")2.(<<2-%2%"522%6"=5>?"
""312"@"!"!#$%$!"&'$())*+,,+-.

'%

0.32

15.0
Deg

10.0
Deg

!"A2<$"5$-$6,$-+".,$/"9123421""
"""7(1"+2-213:";1$::$-+
!"5$16'".,($.2"7(1"3::".(-%$'$(-6
!")2.(<<2-%2%"522%6"=5>?
""312"@!"!/$%!"&0$())*+,,+-.

0.16

10.0
Deg

'(
'(

)
,
-;

;-
&
:
%%
+
/
;'

#
-/

&
+

I@$%F@!$J

<-,+#%!=/-!*

+>?@AB%-CDBAED%F%%GHEI%11J%.KDHEHLB%"CMNB%%F%'DBO%PKA%@NN%OAHNNHCM%@QQNHR@EHKCD
#IB%AHMIE%RIKHRB%PKA%RKDE%BSBREHLB%MBCBA@N%OAHNNHCM%



!"#$%&'&(&)%"*%+,--&

Steel - low carbon

Steel - alloyed steel

Steel - highly alloyed

!"#$#%&"

!"#$#%'"

!"#$#%("

")"!#$#")%*

")"!#$#")%+

")"!#$#")%"

,-./

P

Stainless steel - austenitic

Stainless steel - duplex
M

Gray cast iron

High-strength cast iron with 
globular graphite

!"#$#%'"

!"#$#%("

")"!#$#")%*

")"!#$#")%*

!"#$#%'"

!"#$#%*"

")%"#$#")%+

")"!#$#")%"

K

!"#$%&'&(&)%"#%+,--&

Steel - low carbon

Steel - alloyed steel

Steel - highly alloyed

!"#$#%&"

!"#$#%&"

!"#$#%("

")"*#$#")%%

")"*#$#")"&

")"*#$#")"'

,-./

P

Stainless steel - austenitic

Stainless steel - duplex
M

Gray cast iron

High-strength cast iron with 
globular graphite

!"#$#%'"

!"#$#%("

")"*#$#")%%

")"*#$#")%%

!"#$#%'"

!"#$#%*"

")"0#$#")"&

")"0#$#")"'

K

!"#$%&.&(&)%"*%+,--&

Steel - low carbon

Steel - alloyed steel

Steel - highly alloyed

!"#$#%&"

!"#$#%'"

!"#$#%("

")%"#$#")%!

")%"#$#")%0

")%"#$#")%*

,-./

P

Stainless steel - austenitic

Stainless steel - duplex
M

Gray cast iron

High-strength cast iron with 
globular graphite

!"#$#%'"

!"#$#%("

")%"#$#")%!

")%"#$#")%!

!"#$#%'"

!"#$#%*"

")%+#$#")%0

")%+#$#")%*

K

!"#$%&.&(&)%"#%+,--&

Steel - low carbon

Steel - alloyed steel

Steel - highly alloyed

!"#$#%&"

!"#$#%'"

!"#$#%("

")"*#$#")%%

")"*#$#")"&

")"*#$#")"'

,-./

P

Stainless steel - austenitic

Stainless steel - duplex
M

Gray cast iron

High-strength cast iron with 
globular graphite

!"#$#%'"

!"#$#%("

")"*#$#")%%

")"*#$#")%%

!"#$#%'"

!"#$#%*"

")"0#$#")"&

")"0#$#")"'

K

!"#

!
"
#$$#%

&
''(

)
$*

+
#)

%
(



!"#$%&'()&*%"+%,-))&

Steel - low carbon

Steel - alloyed steel

Steel - highly alloyed

!!"#$#!%"

!!"#$#!&'

("#$#!)'

"*!+#$#"*+)

"*!)#$#"*++

"*!)#$#"*+"

,-./

P

Stainless steel - austenitic

Stainless steel - duplex
M

Gray cast iron

High-strength cast iron with 
globular graphite

!!"#$#!%"

!!"#$#!&"

"*!+#$#"*+)

"*!+#$#"*+)

!!"#$#!&'

("#$#!)'

"*!)#$#"*++

"*!)#$#"*+"

K

!"#$%&'()&*%"#%,-))&

Steel - low carbon

Steel - alloyed steel

Steel - highly alloyed

!!"#$#!%"

!!"#$#!%"

%"#$#!&"

"*"'#$#"*!+

"*"'#$#"*!"

"*"'#$#"*"(

,-./

P

Stainless steel - austenitic

Stainless steel - duplex
M

Gray cast iron

High-strength cast iron with 
globular graphite

!!"#$#!%"

!!"#$#!&"

"*"'#$#"*!+

"*"'#$#"*!+

!!"#$#!&'

("#$#!)'

"*"&#$#"*!"

"*"&#$#"*"(

K

!"#$%&.&/&*%"+%,-))&

Steel - low carbon

Steel - alloyed steel

Steel - highly alloyed

("#$#!%"

("#$#!&"

("#$#!)"

"*!)#$#"*+)

"*!0#$#"*++

"*!0#$#"*+"

,-./

P

Stainless steel - austenitic

Stainless steel - duplex
M

Gray cast iron

High-strength cast iron with 
globular graphite

("#$#!&"

("#$#!'"

"*!)#$#"*+)

"*!)#$#"*+)

("#$#!&"

("#$#!)"

"*!0#$#"*++

"*!0#$#"*+"

K

!"#$%&.&/&*%"#%,-))&

Steel - low carbon

Steel - alloyed steel

Steel - highly alloyed

("#$#!%"

("#$#!&"

("#$#!)"

"*"0#$#"*!1

"*"(#$#"*!!

"*"(#$#"*"%

,-./

P

Stainless steel - austenitic

Stainless steel - duplex
M

Gray cast iron

High-strength cast iron with 
globular graphite

("#$#!&"

("#$#!'"

"*"0#$#"*!1

"*"0#$#"*!1

("#$#!&"

("#$#!)"

"*"(#$#"*!!

"*"(#$#"*"%

K

!
"
#$

$#
%
&
''
(
)
$*

+
#)

%
(

!"#$



!"#$%&&'(')%"*%+,--'

Steel - low carbon

Steel - alloyed steel

Steel - highly alloyed

!"#$#%&"

!"#$#%'"

!"#$#%("

")*"#$#")*!

")**#$#")*+

")**#$#")*(

,-./

P

Stainless steel - austenitic

Stainless steel - duplex
M

Gray cast iron

High-strength cast iron with 
globular graphite

!"#$#%'"

!"#$#%0"

")*#$#")*!

")*#$#")*!

!"#$#%'"

!"#$#%("

")**#$#")*+

")**#$#")*(

K

!"#$%&&'(')%"#%+,--'

Steel - low carbon

Steel - alloyed steel

Steel - highly alloyed

!"#$#%&"

!"#$#%'"

!"#$#%("

")"'#$#")%+

")"&#$#")%(

")"&#$#")%*

,-./

P

Stainless steel - austenitic

Stainless steel - duplex
M

Gray cast iron

High-strength cast iron with 
globular graphite

!"#$#%'"

!"#$#%0"

")"'#$#")%+

")"'#$#")%+

!"#$#%'"

!"#$#%("

")"&#$#")%(

")"&#$#")%*

K

!"#$%&('.&/%"#%+,--'

Steel - low carbon

Steel - alloyed steel

Steel - highly alloyed

!"#$#%&"

!"#$#%'"

!"#$#%("

")%*#$#")*"

")%(#$#")%!

")%(#$#")%+

,-./

P

Stainless steel - austenitic

Stainless steel - duplex
M

Gray cast iron

High-strength cast iron with 
globular graphite

!"#$#%'"

!"#$#%0"

")%*#$#")*"

")%*#$#")*"

!"#$#%'"

!"#$#%("

")%(#$#")%!

")%(#$#")%+

K

!"#

!
"
#$$#%

&
''(

)
$*

+
#)

%
(



!"#$

!"#$%&#

!"#$%%&'( )*+!,-.#-/& -! 0* ,* +

1233333334

1233333335

1233333336

1233333337

1233333323

'()*+,-,.,/+0)++1"--,

'()*+,2,.,/+0)++1"--,

'()*+,3,-,/+0)++1"--,

'()*+,4&-,/+0)++1"--,

'()*+,/,25.+0)++1"--,

8$86

6$18

9$:5

:$84

24$93

1$83

5$13

8$53

6$83

7$93

3$73

3$73

3$73

3$73

2$43

4$17

4$17

1$84

1$:9

5$96

IC
L

RE

EPSR

D1

S
AN

67$%87!$'

;!(<%353437%.(
'&113

;!(<%313437%.(
'&113

;!(<%36#137%.(
'&113

!"#$%&'&(&)%*#
+,((&

;!(<%373524%.(
'&113

9:;:<=:;> %?@>=:;>

A%BC$#

7D
E:>=

7D
F?G

9:;:<=:;> %?@>=:;>
!"#$$%

(E!08H%$BI$%#

!"#$%&"'&(&)*&(+",*&-"./$01$/"""
""23/"+$($/04"5/&44&(+
!"'&/)6",*3&,$"23/"044",3(7&6&3()
!"8$,3%%$(7$7"'$$7)"9':;
""0/$<"!"!#$%!"&'$())*+,,+-.

0.16

10.0
Deg

0)
0)

)
,
-0

0-
&
=
%%
+
/
0'

#
-/

&
+

>-,+#%!?/-!*

#@ABCD%-DEF@GE%HAGI%73J%%HC@KADB%LC@DF@E%%M%9J%.CEAGANF%"DBOF%%M%'EFP%QC@%ROO%IABIMFDP%
P@AOOADB%RSSOALRGACDE%M%#IF%T@EG%LICALF%QC@%ROO%P@AOOADB%LIROOFDBFE$%



!"#$%&'&(&)%*#%+,--&

Steel - low carbon

Steel - alloyed steel

Steel - highly alloyed

!!"#$#!%"

!!"#$#!%"

%"#$#!&"

"'"(#$#"'!!

"'"(#$#"'%"

"'"(#$#"'&"

)*+,

P

Stainless steel - austenitic

Stainless steel - duplex
M

Gray cast iron

High-strength cast iron with 
globular graphite

!!"#$#!%"

!!"#$#!&"

"'"(#$#"'!!

"'"(#$#"'!!

!!"#$#!&-

."#$#!(-

"'"/#$#"'"%

"'"/#$#"'"&

K

!"#$%&-&(&)%*#%+,--&

Steel - low carbon

Steel - alloyed steel

Steel - highly alloyed

!!"#$#!%"

!!"#$#!%"

%"#$#!&"

"'"(#$#"'!!

"'"(#$#"'%"

"'"(#$#"'&"

)*+,

P

Stainless steel - austenitic

Stainless steel - duplex
M

Gray cast iron

High-strength cast iron with 
globular graphite

!!"#$#!%"

!!"#$#!&"

"'"(#$#"'!!

"'"(#$#"'!!

!!"#$#!&-

."#$#!(-

"'"/#$#"'"%

"'"/#$#"'"&

K

!"#$%&./-&)%*#%+,--&

Steel - low carbon

Steel - alloyed steel

Steel - highly alloyed

."#$#!%"

."#$#!&"

."#$#!-"

"'"/#$#"'!0

"'"/#$#"'!!

"'"/$#"'"%

)*+,

P

Stainless steel - austenitic

Stainless steel - duplex
M

Gray cast iron

High-strength cast iron with 
globular graphite

."#$#!&"

."#$#!-"

"'"/#$#"'!0

"'"/#$#"'!0

."#$#!&"

."#$#!("

"'".#$#"'!!

"'".#$#"'"%

K

!"#$%&0&-&)%*#%+,--&

Steel - low carbon

Steel - alloyed steel

Steel - highly alloyed

."#$#!%"

."#$#!&"

."#$#!-"

"'"-#$#"'!1

"'"-#$#"'!"

"'"-#$#"'".

)*+,

P

Stainless steel - austenitic

Stainless steel - duplex
M

Gray cast iron

High-strength cast iron with 
globular graphite

."#$#!&"

."#$#!-"

"'"-#$#"'!1

"'"-#$#"'!1

."#$#!&"

."#$#!("

"'"&#$#"'!"

"'"&#$#"'".

K

!"#$%&)&'1(%*#%+,--&

Steel - low carbon

Steel - alloyed steel

Steel - highly alloyed

."#$#!%"

."#$#!&"

."#$#!-"

"'"&#$#"'!/

"'"&#$#"'!(

"'"&#$#"'!1

)*+,

P

Stainless steel - austenitic

Stainless steel - duplex
M

Gray cast iron

High-strength cast iron with 
globular graphite

."#$#!&"

."#$#!-"

"'"&#$#"'!/

"'"&#$#"'!/

."#$#!&"

."#$#!("

"'"%#$#"'!(

"'"%#$#"'!1

K

!"#

!
"
#$$#%

&
''(

)
$*

+
#)

%
(



!"#$%$&

!"#

!
"
#
$
%$

&
''
(
)
*"

!
%)

$
(



!!"# !"#$%&

!"#$%%

!"#&&&

!"#&&'

!"#&(%

!"#$%'

!"#&$&

!"#&&)

!"#&('

!"#&()

!"#&)&

!"#&*)

!"#&*%

!"#&+&

!"#&*&

!"#&*'

!"#&+'

!"#&++

!"#&+%

!$%%

!$"&

!$"%

'!%#

'$"%

#$()

'!"#

#!"#

#$%%

#$"&

#$"%

*+"#

*!%#

*!"#

*$"%

,$%%

,$"&

,$"%

$,$

!
"
#
$
%$

&
''(

)
*"

!
%)

$
(

-./012345678



!"#$%$&
!"#$%&'#($')*+,'-"%#.%"&'/%0%12+3(

!""#
$%&'()

!"*#
$%&'()

!"*#
$%&'()

+,-./

!""#
$%&'()

!0"#
$%&'()

!""#
$%&'()

"12,34

!""#
$%&'()

!""#
$%&'()

51678

9:;2,/,:;<

"6=.,;,;-

*,
;,
<.
,;
-

>:
3-

.,
;-

?@A!"#B@/6,;C1<<&</11C

?@A!0#B@/11C

!0D#
$%&E)'F

!0*#
$%&E)(F

!0*#
$%&E)(F

!0>#
$%&E)'F

!0"#
$%&E)'F

!0"#
$%&E)(F

!0>#
$%&(()

!0"#
$%&(()

!0"#
$%&E)'F

"6=.,;,;-

+,-./ "12,34 51678

9:;2,/,:;<

*,
;,
<.
,;
-

>:
3-

.,
;-

?@A!G#B96</&,H:;

!I#
$%&J)(F

!0D#
$%&E)(F

!0*#
$%&E)(F

!I#
$%&J)(F

!I#
$%&J)(F

!0"#
$%&E)(F

!I#
$%&J)(F

!I#
$%&J)(F

!I#
$%&E)'F

"6=.,;,;-

+,-./ "12,34 51678

9:;2,/,:;<

*,
;,
<.
,;
-

>:
3-

.,
;-

!"#

!
"
#
$
%$

&
''
(
)
*"

!
%)

$
(



!"#$"%&'()*+,-.(//0-1()2-3+

$44%
56/789

$:4%
56/889

$:;%
56/889

$44%
56/789

$:<%
56/889

$:4%
56/889

$44%
56/789

$44%
56/789

$:<%
56/889

4-.=2>2>?

@2?=1 4(A2B0 C(-DE

F*>A212*>+

;2
>2
+=
2>
?

G*
B?

=2
>?

!"#

!
"
#
$
%$

&
''(

)
*"

!
%)

$
(

$:G%
56/H97I

$:<%
56/H98I

$:4%
56/H98I

@2?=1

$:G%
56/889

$:<%
56/H97I

$:<%
56/H98I

4(A2B0

$:G%
56/889

$:G%
56/889

C(-DE

F*>A212*>+

4-.=2>2>?

;2
>2
+=
2>
?

G*
B?

=2
>?

!"#$C%&C-)A/4-1()2-3

!"#$6%&'@54!54

$'@5%
56/J89

$'@5%
56/J89

$'@5%
56/J89

$:;%
56/889

$'@5%
56/J89

$'@5%
56/J89

$:4%
56/889

$:;%
56/889

$'@5%
56/J89

4-.=2>2>?

@2?=1 4(A2B0 C(-DE

F*>A212*>+

;2
>2
+=
2>
?

G*
B?

=2
>?



!"#$%&'#%()*&%+,%-#)$*.%*(#/0)10*&*%)&%230**4516#%7#"#18(#7%)%
690:6#%)97%()&#9&#7%;$86(%8<%=>?%/8)&09;*%<8$%@ABCDCE%
!=FBG@D!C2

!"#$%&'(&$)*+$,$&-."#,"&%$(#/*0&1',2/($%&3/*4&50-$+6-7.#$&
%$-'#/*/'(&*$14('.'809&:3/##;!.7$&'<$+#&*4$&,'#*&"%="(1$%&"(%&4/84.0&
$</1/$(*&*7+(/(8&1'"*/(8#&'(&*4$&,"+>$*

!"#$$%

?&@$($+".6-7+-'#$&8+"%$9&*4$&A/+#*&+$1',,$(%"*/'(&"*&.'3&*'&,/%&#-$$%#
?&:726,/1+'(&@+"%$&3/*4&BCD&1'"*/(8

!" #$ %

!"#&$%

?&@+"%$&A'+&,"14/(/(8&:*"/(.$##&:*$$.
?&:726,/1+'(&8+"%$&3/*4&BCD&1'"*/(8

!"#'$%

?&@+"%$&A'+&,"14/(/(8&E.7,/(7,
?&:726,/1+'(&8+"%$&3/*4&BCD&1'"*/(8

!
"
#
$
%$

&
''
(
)
*"

!
%)

$
(

!"#

!
"
#
$
%$

&
''
(
)
*"

!
%)

$
(

!$

&

!"#$%&'()*



!"#$%&'

!"#$%&'("&)*)+,-./%+/$0)"&+,1)"2$+"3%+*4*&
!"56$7,-3.)*+48')19""0%703+,3)":43'",-/',.,-%;4*,""6<="8$,34*&

>!"##$%&'()*(+(&,-(*).)/.0"&1),/)23(#45"657&.##2)89:)7,.4"6;#

?--"8$,34*&0"2),3%+)",*",-/',.,-%;4*,"-,@)+"8$;74*)1":43'",11434$*,-"
#46A"BC#D",*1"#4A"-,@)+0("1)-4E)+4*&"3')"'4&')03"/)+2$+;,*8)"
,E,4-,7-)"4*"3')";,+F)3

!"#$%('

!"G4+03"8'$48)"2$+"&)*)+,-./%+/$0)"3%+*4*&",//-48,34$*0
!"HE)+.;48+$*"8,+741)"&+,1)":43'",-/',.,-%;4*,"6<="8$,34*&

!"#)%('

!"I4&'./)+2$+;,*8)"3%+*4*&"&+,1)"2$+"8,03"4+$*";,8'4*4*&
!"HE)+.;48+$*"8,+741)":43'"3'48F",-/',.,-%;4*,"6<="8$,34*&

!"#

!
"
#
$
%$

&
''(

)
*"

!
%)

$
(

! "#

! "#

"

!"#$%&'()*



!"#$%&'()*('+

,,

!"#$%&'(&)&*+&),"-+&."/0$12$0"'"$*.$-&1334"
""5$6$37.$5""870"#91&)3$**"#9$$3"%1-+&)&),
!"(&0*9"-+7&-$"870"133"#91&)3$**"#9$$3"
"""1..3&-19&7)*
!":1)"/$";*$5"870"6$04"*789"70""*9&-24"
"""%19$0&13"
!"!"#$%!&'()&*%+(,)(+%,(%-./%0123

0.06

20.0
Deg

,-
!"#+10."-+&."/0$12$0"'"$*.$-&1334"5$6$37.$5"
""870"#91&)3$**"#9$$3"1..3&-19&7)*
!"(70"8&)&*+&),"7.$019&7)*
!"!"#$%!&'()&*%+(,)(+%,(%-./%0120

12.0
Deg

.-%/%..
!"#+10."-+&."/0$12$0
!"(70"8&)&*+&),"7.$019&7)*
!"!"#$%!&'()&*%+(,)(+%,(%-./%0124

0.11

15.0
Deg

.,
!"#$%&"(&)&*+&),"-+&."/0$12$0"870",$)$013"
"""%1-+&)&),
!"(&0*9"-+7&-$"870"*91/3$"%1-+&)&),"1)5"
"""3&,+9'<&5="-;99&),"-7)5&9&7)*
!"!"#$%!&'()&*%+(,)(+%,(%-./%0125

0.17

7.0
Deg

.0
!"<&5=":;99&),"-7)5&9&7)*"'""-+&."/0$12$0"870"
"",$)$013"%1-+&)&),
!"(&0*9"-+7&-$"870";)*91/3$""%1-+&)&),"
!">$'$)870-$5"-+&./0$12$0"1337?*"870"+&,+"
"""*+7-2*"0$*&*91)-$
!"!"#$%!&'()&*%+(,)(+%,(%-./%0146

0.22

18.0
Deg

.1
!">7;,+&),"-+&."/0$12$0"%7*934";*$5"&)"
""97;,+"%1-+&)&),"1..3&-19&7)*
!"(&0*9"-+7&-$"870"6$04";)*91/3$"%1-+&)&),"
"""70"9+&-2"-1*9&),"@*2&)@
!"!"#$%!&'()&*%+(,)(+%,(%-./%0176"

0.35

5.0
Deg

21.0
Deg

!"#

!
"
#
$
%$

&
''
(
)
*"

!
%)

$
(

!"#$%&'()*('+



!"#

!"#$%&'("')*+,+-."/$+'"0&.%1.&
!"2)&",3&4+45"6738+438"%49"),$.&"#,+/1:"
"""8%,.&+%7*
!"!"#$%!&'()&*%+(,)(+%,(%-./%0120

15.0
Deg

!"#

!
"
#
$
%$

&
''(

)
*"

!
%)

$
($$

!"#$%"&'()%"*+,+&-+,."$()%/0+$,&
!";.&:"*$%&'"/$+'"0&.%1.&
!"1-+("1$,0%$2"&0/%0&"/0"
"""#34"5657

0.06

15.0
Deg

%!&

!"27%,",)'"+4*.&,"9.*+54
!"<*.9"8)*,7:"=)&">%*,?@&)4"%''7+/%,+)4*
!"#$%&"#'()*'+",)-*),"-)"./0"1234

0.15

10.0
Deg

%'&
!"#$%"*+,+&-+,."$()%/0+$,&"A+,$"
"""'.&=)&8%4/."*+8+7%&",)"BC<D
!"#$%&'"/$+'"0&.%1.&
!"1-+("1$,0%$2"&0/%0&"/0"#34"5685

0.10

12.0
Deg

!"#$%&'()*('+



!"#$%&'(#)

!"#$%%&'(")*()"+),-."/$%
!"01)"&'.)-%"+),-."$'&2/-345",4/'("%1)"6$%%&'(")*()

*)#+()&'(#)

!"7&%%&'("/-"6-,%)-&'("/'"%1)"%/8"9-,:);"2,6)
!"<1/+."+1)-)"%1)"-,:)"2,6)"1,."%1)"3/.%"6/'%,6%"+&%1"
""%1)"61&8.

,-.(&*/0110$.

!"=&.%&'6%"61&88&'("/2"%1)"6$%%&'(")*()>"%58&6,445"
""/66$--&'("/'"%1)"%//4?."-,*&$."/-"/'"%1)"61&8@-),:)-"
"".$-2,6)

23+4/&5(#)

!"<1,-8".&*)"6-,6:>"%58&6,445",%"%1)"*)8%1A/2A#$%B

6"#7+04&-(83)9#+03$

!"<&('&2&6,'%"*)2/-3,%&/'"&'"%1)"'/.)"-,*&$.",-),
!"#,'"/66$-"/'45"+&%1"CD"EFGH"96/@,4%A)'-&61)*"(-,*);

!"#

!
"
#
$
%$

&
''
(
)
*"

!
%)

$
(

!"#$%&'(&!'')&*$+,



!"#$%&'(#)

!"#$%&"%&"'"()&%*'+,)"-./)"01"2)'*
!"3)/,'4)"-$)"5*'()"2%-$"67"89:;"10*")<-)=()("-00,>,%1)

*)#+()&'(#)

"!"3)/,'4)"-$)"4?**)=-,."?&)("5*'()"2%-$"'"$'*("@AB"5*'()""
""",%C)"67"89:;

,-.(&*/0110$.

"!"D%*&-E"*)(?4)"-$)"1))("Fƒ=G
"!"3)/,'4)"-$)"4?**)=-"5*'()"2%-$"HAB>40'-)("5*'()
""",%C)"67"::9

23+4/&5(#)

!"3)/,'4)"4$%/"+*)'C)*"2%-$""IIE"ID"2$)="J'4$%=%=5"K-'%=,)&&"
""K-)),"J'-)*%',&
!"L1"J'4$%=%=5"40=(%-%0=&"'*)"-0?5$E"K2%-4$"-0"67"M:9"5*'()
!"6&)"N'*%'+,)"B)/-$>01>@?-O"-0"(),'."=0-4$"2)'*"()N),0/J)=-

6"#7+04&-(83)9#+03$

!"K-'+,)"J'4$%=%=5"40=(%-%0=&"→"K2%-4$"-0"67"89:;"5*'()
!"#0?5$"J'4$%=%=5"40=(%-%0=&"→"K2%-4$"-0"67"::9"5*'()

!""

!
"
#
$
%$

&
''(

)
*"

!
%)

$
(

!"#$%%&$"'"()*+(



!"#$%$&'%$()#!(

!"#

!
"
#
$
%$

&
''
(
)
*"

!
%)

$
(



!"!

!
"
#
$
%$

&
''(

)
*"

!
%)

$
(

!"#$!%&'("!)"*)'

!"

!"

!#

!$

!%



!"#$%& '()*+,"%#-%"&
*.

!"#$%&'"($)'"*&+%,+&
!"-.&"/)0)1$)02".'+&%3).01
!"#$%&"#'()*'+",)-*),"-)"./0"1234

*/

!"#+4)"-)0)1$)02"($)'"*&+%,+&"/
!"-)&13"($.)(+"/.&"13%*5+"4%($)0)02"
""%06"5)2$378)69":;33)02"'&+11;&+
!"#$%&"#'()*'+",)-*),"-)"./0"1235

0.11

15.0
Deg

0.17

7.0
Deg

67
8%9$

67
:';

.%(%,$%(9 <'=9$%(9

!"#$$%

!"#&%'(

!"#&%$(

!!"#

)0&%"1&

.%(%,$%(9 <'=9$%(9

!!"#$%&%'%($)*
+,--%

''/123415362*/
70883

!!"#$-'%(-'$)"
+,&%'.

!!"#$%/#0%($)"
+,&%-.

!!"#$-'%(-'$)"
+,--%

!1#2$$,+" 345!67)#78, 7! 94 64 5

.-%%%%%-%&

.-%%%%%--%

.-%%%%%'/:

.-%%%%%--'

.-%%%%%--(

.-%%%%%0%%

.-%%%%%--&

.-%%%%%0.:

.-%%%%%0&%

.-%%%%%--:

.-%%%%%0&'

.-%%%%%-'%

.-%%%%%('(

.-%%%%%('&

!!"#$%&%'%($)*$+,--%

!!"#$%.#/%($)"$+,--%

!!"#$%.#/%($)"$+,&%-0

!!"#$%.#/%($)"$+,&%'0

!!"#$%.#/%1$)"$+,--%

!!"#$%.#/%1$)"$+,&%-0

!!"#$%.#/%1$)"$+,&%'0

!!"#$-'%(%($)"$$+,--%

!!"#$-'%(%($)"$$+,&%'0

!!"#$-'%(%1$)"$+,--%

!!"#$-'%(%1$)"$+,&%-0

!!"#$-'%(%1$)"$+,&%'0

!!"#$-'%(-'$)"$+,--%

!!"#$-'%(-'$)"$+,&%'0

&20.

/2.0

/2.0

/2.0

/2.0

/2.0

/2.0

-'2;%

-'2;%

-'2;%

-'2;%

-'2;%

-'2;%

-'2;%

&20.

/2.0

/2.0

/2.0

/2.0

/2.0

/2.0

-'2;%

-'2;%

-'2;%

-'2;%

-'2;%

-'2;%

-'2;%

%2(%

%2(%

%2(%

%2(%

%2:%

%2:%

%2:%

%2:%

%2:%

%2:%

%2:%

%2:%

-2'%

-2'%

'20:

02/;

02/;

02/;

02/;

02/;

02/;

(2;&

(2;&

(2;&

(2;&

(2;&

(2;&

(2;&

IC

LE

80°

RE

D1

7°
S

9:%"+:)%;

#
+
6
,
7,

<
$$
5
8
9+

#
78

,
5

:%=$6>?@ABC$BDEFGH$I$$$JBH>$;=$)?EBHBKF$1DLMF$I$+EFN$"?EHMO$P?G$7DHFGDQM$#RGDBDL$
4SHFGDQM$"QC>BDBDL$QDN$*QCBDL$QGF$QME?$T?EEBAMF$REBDL$H>F$GBL>H$CRHHBDL$C?DNBHB?DE$

*765#$!U87!4



!!"#$%&%'%($)*$+,--%

Steel - low carbon

Steel - alloyed steel

Steel - highly alloyed

!"#$#%!"

!"#$#%!"

&"#$#%'"

"(%)#$#"()%

"(%)#$#"(%!

"(%)#$#"(%*

+,-.

P

Stainless steel - austenitic

Stainless steel - duplex

!"#$#%*"

!"#$#%/"

"(%0#$#"(%!

"(%0#$#"(%/
M

Gray cast iron

High-strength cast iron with 
globular graphite

!"#$#%!"

!"#$#%*"

"(%)#$#"()0

"(%)#$#"())K

Hard-to-process materials -
nickel alloys

Hard-to-process materials - 
titanium alloys

)'#$#0'"(%)#$#"(%!

/'#$#''"(%)#$#"(%!
S

12345#6-#784 "(/#$#%("

!!"#$%.#/%($)"$+,&%-0

Steel - low carbon

Steel - alloyed steel

Steel - highly alloyed

Stainless steel - austenitic

Stainless steel - duplex

Gray cast iron

High-strength cast iron with 
globular graphite

%)"#$#)'"

%)"#$#)'"

%)"#$#)'"

"(%0#$#"()'

"(%0#$#"())

"(%0#$#"()"

+,-.

P

%)"#$#)/"

%)"#$#))"

"(%*#$#"())

"(%*#$#"(%&
M

%)"#$#)'"

%)"#$#))"

"(%0#$#"()!

"(%0#$#"()'
K

12345#6-#784 "(/#$#)("

!!"#$%.#/%($)"$+,&%'0

Steel - low carbon

Steel - alloyed steel

Steel - highly alloyed

%)"#$#)'"

%)"#$#)'"

%)"#$#)'"

"(%0#$#"()'

"(%0#$#"())

"(%0#$#"()"

+,-.

P

Stainless steel - austenitic
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Gray cast iron

High-strength cast iron with 
globular graphite

%)"#$#)'"

%)"#$#))"

"(%0#$#"()!

"(%0#$#"()'

0"#$#&""(%"#$#"(%!

K

Hard materialsH

12345#6-#784 "(/#$#)("

!!"#$%.#/%($)"$+,--%
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Steel - alloyed steel
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Stainless steel - duplex

Gray cast iron

High-strength cast iron with 
globular graphite
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Steel - low carbon

Steel - alloyed steel

Steel - highly alloyed
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Stainless steel - austenitic

Stainless steel - duplex
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'+%*()('+%/
M

Gray cast iron

High-strength cast iron with 
globular graphite

%&'()(&*'

%&'()(&&'

'+%,()('+&0

'+%,()('+&*
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Steel - low carbon

Steel - alloyed steel

Steel - highly alloyed
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Stainless steel - austenitic

Stainless steel - duplex
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'+%.()('+&&
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Gray cast iron

High-strength cast iron with 
globular graphite
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23456(7#(895 '+*()(-+'

Hard-to-process materials -
 nickel alloys

Hard-to-process materials - 
titanium alloys
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Steel - low carbon

Steel - alloyed steel

Steel - highly alloyed

Stainless steel - austenitic

Stainless steel - duplex

Gray cast iron

High-strength cast iron with 
globular graphite
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Steel - low carbon

Steel - alloyed steel

Steel - highly alloyed
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Stainless steel - austenitic

Stainless steel - duplex
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Gray cast iron

High-strength cast iron with 
globular graphite
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Steel - low carbon

Steel - alloyed steel

Steel - highly alloyed
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Stainless steel - austenitic

Stainless steel - duplex
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Gray cast iron

High-strength cast iron with 
globular graphite
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Steel - low carbon

Steel - alloyed steel

Steel - highly alloyed

Stainless steel - austenitic

Stainless steel - duplex

Gray cast iron

High-strength cast iron with 
globular graphite
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Steel - low carbon

Steel - alloyed steel

Steel - highly alloyed
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Stainless steel - austenitic

Stainless steel - duplex
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Gray cast iron

High-strength cast iron with 
globular graphite
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Steel - low carbon

Steel - alloyed steel

Steel - highly alloyed
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Stainless steel - austenitic
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Gray cast iron

High-strength cast iron with 
globular graphite
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Steel - low carbon

Steel - alloyed steel

Steel - highly alloyed

Stainless steel - austenitic

Stainless steel - duplex

Gray cast iron

High-strength cast iron with 
globular graphite
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Steel - low carbon

Steel - alloyed steel

Steel - highly alloyed
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Stainless steel - duplex
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Gray cast iron

High-strength cast iron with 
globular graphite

(#$%$!(#

(#$%$!.#

#'!($%$#').

#'!($%$#')7
K

/0123$4,$562 #'&$%$7'#

7#$%$8##'!7$%$#'".Hard materialsH

!
"
#
$
%$

&
''
(
)
*"

!
%)

$
(

!!"#



!"#

!
"
#
$
%$

&
''(

)
*"

!
%)

$
(



!"##

!"#$%&#

!"#$%%&'( )*+!,-.#-/& -! 0* ,* +

1233333456

1233333574

1233333454

1233333457

!"##$%&'('&$)*+$+",%'

!"##$%&'('($)*+$+",%'

!"##$%&'(',$)*+$+",%'

!"##$%&'(%&$)*+$+",%'

26$83

26$83

26$83

26$83

26$83

26$83

26$83

26$83

3$63

3$43

3$93

2$63

4$87

4$87

4$87

4$87

!"##$%&'(',$)*+
+",%'

!&::%263426%"0'
'&923

!&::%263434%"0'
'&923

!&::%263436%"0'
'&923

!"#"$%"#& '()&%"#&

'($%)(!$*

+%,-$#

*+
,"&%

*+
-(.

!"#"$%"#& '()&%"#&

!"#$%&

,./

!"#$%&'("')*+,+-."/$+'"0&.%1.&
!"2)&",3&4+45"6738+438"%49"),$.&"
#,+/1:"8%,.&+%7*

15.0
Deg

01!2)3%$,4$%#

#
'
,
&
-&

:
%%
+
/
0'

#
-/

&
+

93;%,<=>?@A%@BCDEF%G%%%H@F<%&DIJF@KD%+@LD%"BIMD%G%'CDL%(=CFMN%O=E%%*PFDEBJM%(JA<@B@BI%
JBL%QJA@BI%/RDEJF@=BC%G%'B@STD%C=MTF@=B%O=E%"MT>@BT>%JBL%=F<DE%&=B%QDEE=TC%(JFDE@JMC

Q-,+#%!U/-!*



!"##$%&'(%&$)*+$+",%'

Aluminum - 
Non-ferrous alloy !""#$#%"""&'#$#"('!
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Gray cast iron

High-strength cast iron with 
globular graphite

3..*1*45.

3..*1*43.
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./6.*1*./30K
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Gray cast iron

High-strength cast iron with 
globular graphite
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Gray cast iron

High-strength cast iron with 
globular graphite
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Steel - low carbon

Steel - alloyed steel

Steel - highly alloyed
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Stainless steel - austenitic

Stainless steel - duplex
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Gray cast iron

High-strength cast iron with 
globular graphite
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Steel - low carbon

Steel - alloyed steel

Steel - highly alloyed

Stainless steel - austenitic

Stainless steel - duplex

Gray cast iron

High-strength cast iron with 
globular graphite
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Steel - low carbon

Steel - alloyed steel

Steel - highly alloyed
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Stainless steel - austenitic

Stainless steel - duplex
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Hard-to-process materials -
nickel alloys

Hard-to-process materials - 
titanium alloys
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Steel - low carbon

Steel - alloyed steel
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Stainless steel - austenitic

Stainless steel - duplex
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M

Gray cast iron

High-strength cast iron with 
globular graphite
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Steel - low carbon

Steel - alloyed steel

Steel - highly alloyed
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Stainless steel - austenitic

Stainless steel - duplex
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Gray cast iron
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Stainless steel - duplex
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Gray cast iron

High-strength cast iron with 
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Steel - alloyed steel

Steel - highly alloyed
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Stainless steel - austenitic

Stainless steel - duplex
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Gray cast iron

High-strength cast iron with 
globular graphite

'!"#$#!)"

'!"#$#!!"

"&'8#$#"&%.

"&'8#$#"&%%K

8"#$#9""&'"#$#"&!.Hard materialsH

01234#5,#673 "&!#$#!&)

./01'+,(*(*'20'%/++(
*+,-

Steel - low carbon

Steel - alloyed steel
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Stainless steel - duplex
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Gray cast iron

High-strength cast iron with 
globular graphite
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Steel - low carbon

Steel - alloyed steel

Steel - highly alloyed

Stainless steel - austenitic

Stainless steel - duplex

Gray cast iron

High-strength cast iron with 
globular graphite
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Steel - alloyed steel
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Stainless steel - duplex

Gray cast iron

High-strength cast iron with 
globular graphite
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Steel - low carbon

Steel - alloyed steel

Steel - highly alloyed

Stainless steel - austenitic

Stainless steel - duplex

Hard-to-process materials -
 nickel alloys

Hard-to-process materials - 
titanium alloys
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Steel - low carbon

Steel - alloyed steel

Steel - highly alloyed

Stainless steel - austenitic

Stainless steel - duplex

Gray cast iron

High-strength cast iron with 
globular graphite
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Steel - low carbon

Steel - alloyed steel

Steel - highly alloyed
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P

Stainless steel - austenitic

Stainless steel - duplex

'""#$#'."
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"&'!#$#"&!%
M

Hard-to-process materials -
 nickel alloys

Hard-to-process materials - 
titanium alloys
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Steel - low carbon

Steel - alloyed steel
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Stainless steel - austenitic

Stainless steel - duplex
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"&!"#$#"&%"

"&!"#$#"&!(
M

Gray cast iron

High-strength cast iron with 
globular graphite
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Steel - low carbon

Steel - alloyed steel

Steel - highly alloyed

Stainless steel - austenitic

Stainless steel - duplex

Gray cast iron

High-strength cast iron with 
globular graphite
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Steel - low carbon

Steel - alloyed steel

Steel - highly alloyed
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"&'(#$#"&%"
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Stainless steel - austenitic

Stainless steel - duplex
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"&!"#$#"&!.

"&!"#$#"&!%
M

Gray cast iron

High-strength cast iron with 
globular graphite
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./01'+,(*(-'26'%/4(,5

Steel - low carbon

Steel - alloyed steel

Steel - highly alloyed

Stainless steel - austenitic

Stainless steel - duplex

Gray cast iron

High-strength cast iron with 
globular graphite
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Steel - low carbon

Steel - alloyed steel

Steel - highly alloyed

Stainless steel - austenitic

Stainless steel - duplex

Gray cast iron

High-strength cast iron with 
globular graphite
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Steel - low carbon

Steel - alloyed steel

Steel - highly alloyed

Stainless steel - austenitic

Stainless steel - duplex

Gray cast iron

High-strength cast iron with 
globular graphite
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Steel - low carbon

Steel - alloyed steel

Steel - highly alloyed

Stainless steel - austenitic

Stainless steel - duplex

Gray cast iron

High-strength cast iron with 
globular graphite
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Steel - low carbon

Steel - alloyed steel

Steel - highly alloyed

Stainless steel - austenitic

Stainless steel - duplex

Gray cast iron

High-strength cast iron with 
globular graphite
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Steel - alloyed steel

Steel - highly alloyed
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Stainless steel - duplex

Gray cast iron

High-strength cast iron with 
globular graphite
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Steel - low carbon

Steel - alloyed steel

Steel - highly alloyed

Stainless steel - austenitic

Stainless steel - duplex

Gray cast iron

High-strength cast iron with 
globular graphite
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Steel - low carbon

Steel - alloyed steel

Steel - highly alloyed

Stainless steel - austenitic

Stainless steel - duplex

Gray cast iron

High-strength cast iron with 
globular graphite
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Steel - alloyed steel
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Stainless steel - duplex

Gray cast iron

High-strength cast iron with 
globular graphite
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Steel - low carbon

Steel - alloyed steel

Steel - highly alloyed

Stainless steel - austenitic

Stainless steel - duplex

Gray cast iron

High-strength cast iron with 
globular graphite
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Steel - low carbon

Steel - alloyed steel

Steel - highly alloyed

Stainless steel - austenitic

Stainless steel - duplex

Gray cast iron

High-strength cast iron with 
globular graphite
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Steel - low carbon

Steel - alloyed steel
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Gray cast iron
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Steel - low carbon

Steel - alloyed steel

Steel - highly alloyed

Stainless steel - austenitic

Stainless steel - duplex

Gray cast iron

High-strength cast iron with 
globular graphite
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Steel - low carbon

Steel - alloyed steel

Steel - highly alloyed

Stainless steel - austenitic

Stainless steel - duplex

Gray cast iron

High-strength cast iron with 
globular graphite
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Steel - low carbon

Steel - alloyed steel

Steel - highly alloyed

Stainless steel - austenitic

Stainless steel - duplex

Gray cast iron

High-strength cast iron with 
globular graphite
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Steel - low carbon

Steel - alloyed steel

Steel - highly alloyed

Stainless steel - austenitic

Stainless steel - duplex

Gray cast iron

High-strength cast iron with 
globular graphite
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Steel - alloyed steel

Steel - highly alloyed
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Gray cast iron

High-strength cast iron with 
globular graphite
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Steel - low carbon

Steel - alloyed steel

Steel - highly alloyed
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Stainless steel - austenitic

Stainless steel - duplex
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Gray cast iron

High-strength cast iron with 
globular graphite
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Steel - low carbon

Steel - alloyed steel

Steel - highly alloyed
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Stainless steel - austenitic

Stainless steel - duplex
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Hard-to-process materials -
 nickel alloys

Hard-to-process materials - 
titanium alloys
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Steel - low carbon

Steel - alloyed steel
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Stainless steel - austenitic

Stainless steel - duplex
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Gray cast iron

High-strength cast iron with 
globular graphite
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Steel - low carbon

Steel - alloyed steel

Steel - highly alloyed
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Steel - low carbon

Steel - alloyed steel

Steel - highly alloyed

%&'()(&*'

%&'()(&*'

%&'()(&*'

'+%,()('+*-

'+%,()('+*&

'+%,()('+*'

P

Stainless steel - austenitic

Stainless steel - duplex
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Gray cast iron

High-strength cast iron with 
globular graphite
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Steel - low carbon
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High-strength cast iron with 
globular graphite
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Steel - alloyed steel
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Steel - alloyed steel

Steel - highly alloyed
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Gray cast iron

High-strength cast iron with 
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Steel - low carbon

Steel - alloyed steel

Steel - highly alloyed
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Stainless steel - austenitic

Stainless steel - duplex
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M

Hard-to-process materials -
nickel alloys

Hard-to-process materials - 
titanium alloys
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Gray cast iron

High-strength cast iron with 
globular graphite
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Gray cast iron

High-strength cast iron with 
globular graphite
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Steel - alloyed steel
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Gray cast iron

High-strength cast iron with 
globular graphite
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Steel - alloyed steel
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High-strength cast iron with 
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Steel - low carbon

Steel - alloyed steel

Steel - highly alloyed
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Stainless steel - austenitic

Stainless steel - duplex
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Gray cast iron

High-strength cast iron with 
globular graphite
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Steel - low carbon

Steel - alloyed steel

Steel - highly alloyed
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Gray cast iron

High-strength cast iron with 
globular graphite
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Stainless steel - austenitic

Stainless steel - duplex
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-'()(%,'

'+%.()('+,'

'+%.()('+&-
M

Gray cast iron

High-strength cast iron with 
globular graphite
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Steel - low carbon

Steel - alloyed steel

Steel - highly alloyed
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Stainless steel - austenitic

Stainless steel - duplex
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M

&7()(*7

,7()(77

'+%7()('+,'

'+%7()('+,'

Hard-to-process materials -
 nickel alloys

Hard-to-process materials - 
titanium alloys
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Steel - low carbon

Steel - alloyed steel

Steel - highly alloyed

%&&'(')&&

%&&'(')&&

%&&'(')&&

&*+,'('&*-.
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Stainless steel - austenitic

Stainless steel - duplex
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M

12345'6#'784 &*,'('/*&

Gray cast iron

High-strength cast iron with 
globular graphite
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Steel - low carbon

Steel - alloyed steel

Steel - highly alloyed
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Stainless steel - duplex
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Gray cast iron

High-strength cast iron with 
globular graphite
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Steel - low carbon

Steel - alloyed steel

Steel - highly alloyed
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Stainless steel - austenitic

Stainless steel - duplex
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M

Gray cast iron

High-strength cast iron with 
globular graphite
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Steel - low carbon

Steel - alloyed steel

Steel - highly alloyed
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Stainless steel - duplex
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Steel - alloyed steel

Steel - highly alloyed
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Gray cast iron

High-strength cast iron with 
globular graphite
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Steel - low carbon

Steel - alloyed steel

Steel - highly alloyed
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Stainless steel - austenitic

Stainless steel - duplex
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12345#6-#784 "&(#$#/&"

Gray cast iron

High-strength cast iron with 
globular graphite
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Steel - alloyed steel

Steel - highly alloyed
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Gray cast iron

High-strength cast iron with 
globular graphite
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Steel - alloyed steel

Steel - highly alloyed
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Stainless steel - austenitic

Stainless steel - duplex

'!"#$#!!"

'!"#$#!""

"&!"#$#"&%(

"&!"#$#"&%*
M

Gray cast iron

High-strength cast iron with 
globular graphite
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Steel - alloyed steel

Steel - highly alloyed
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Steel - low carbon

Steel - alloyed steel

Steel - highly alloyed
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#&!'$%$#&()

#&!'$%$#&("

#&!'$%$#&(#
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Stainless steel - austenitic

Stainless steel - duplex
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M

12345$6,$784 #&)$%$"&#

Gray cast iron

High-strength cast iron with 
globular graphite
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!"#$%&'()()%*+%,-&&(

Steel - low carbon

Steel - alloyed steel

Steel - highly alloyed
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Stainless steel - austenitic

Stainless steel - duplex
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M
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Gray cast iron

High-strength cast iron with 
globular graphite
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Steel - low carbon

Steel - alloyed steel

Steel - highly alloyed
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Stainless steel - austenitic

Stainless steel - duplex
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Gray cast iron

High-strength cast iron with 
globular graphite
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Steel - low carbon

Steel - alloyed steel

Steel - highly alloyed
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Stainless steel - austenitic

Stainless steel - duplex
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M

12345$6,$784 #&)$%$(&)

Gray cast iron

High-strength cast iron with 
globular graphite
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Hard-to-process materials -
nickel alloys

Hard-to-process materials - 
titanium alloys
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Steel - low carbon

Steel - alloyed steel

Steel - highly alloyed
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Stainless steel - austenitic

Stainless steel - duplex
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M

Gray cast iron

High-strength cast iron with 
globular graphite
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Stainless steel - duplex
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Gray cast iron

High-strength cast iron with 
globular graphite
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Steel - low carbon

Steel - alloyed steel

Steel - highly alloyed

Stainless steel - austenitic

Stainless steel - duplex

Gray cast iron

High-strength cast iron with 
globular graphite
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Steel - alloyed steel

Steel - highly alloyed

Stainless steel - austenitic

Stainless steel - duplex

Gray cast iron

High-strength cast iron with 
globular graphite
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Steel - low carbon

Steel - alloyed steel

Steel - highly alloyed
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Stainless steel - austenitic

Stainless steel - duplex
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M

/0123#4,#562 "'.#$#('"

Gray cast iron

High-strength cast iron with 
globular graphite
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"'%"#$#"'((K

!"#$%&'()()%*+%,-'(./

Steel - low carbon

Steel - alloyed steel

Steel - highly alloyed
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Stainless steel - austenitic

Stainless steel - duplex

%("#$#%8"
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"'%!#$#"'(&
M

/0123#4,#562 "'&#$#('"

Gray cast iron

High-strength cast iron with 
globular graphite

%("#$#(%"

%("#$#%!"
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"'%)#$#"'.&K

!"#$%&'()(0%*#%,-'(./

Steel - low carbon

Steel - alloyed steel

Steel - highly alloyed
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Stainless steel - austenitic

Stainless steel - duplex
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"'%!#$#"'(&
M

/0123#4,#562 "'&#$#.'&

Gray cast iron

High-strength cast iron with 
globular graphite
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Steel - low carbon

Steel - alloyed steel

Steel - highly alloyed
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Stainless steel - austenitic

Stainless steel - duplex
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Gray cast iron

High-strength cast iron with 
globular graphite
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!"#$%&'()()%*+%,"'(-.

Steel - low carbon

Steel - alloyed steel

Steel - highly alloyed

!"#$%$"&#

!"#$%$"&#

!"#$%$"&#

#'#($%$#'))

#'#($%$#')#

#'#($%$#'"(
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Stainless steel - austenitic

Stainless steel - duplex

!"#$%$""#

!"#$%$"##

#'!#$%$#'".

#'!#$%$#'")
M

/0123$4,$562 #')$%$!'7

Gray cast iron

High-strength cast iron with 
globular graphite

!"#$%$"&#

!"#$%$"!#

#'#($%$#').

#'#($%$#'))K

!"#$%&'()()%*+%,"'(&.

Steel - low carbon

Steel - alloyed steel

Steel - highly alloyed
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Stainless steel - austenitic

Stainless steel - duplex

!(#$%$".#
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M

/0123$4,$562 #')$%$!'7

Gray cast iron

High-strength cast iron with 
globular graphite
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#'#($%$#').

#'#($%$#'))K

!"#$%&'()(/%*#%,"'(&.

Steel - low carbon

Steel - alloyed steel

Steel - highly alloyed
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Stainless steel - austenitic

Stainless steel - duplex
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M

/0123$4,$562 #'7$%$)'7

Gray cast iron

High-strength cast iron with 
globular graphite
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Steel - low carbon

Steel - alloyed steel

Steel - highly alloyed
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Stainless steel - austenitic

Stainless steel - duplex
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#'!#$%$#'".

#'!#$%$#'")
M

Gray cast iron

High-strength cast iron with 
globular graphite
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Steel - low carbon

Steel - alloyed steel

Steel - highly alloyed
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'+*,()('+-.

'+*,()('+-'

'+*,()('+.&

P

Stainless steel - austenitic

Stainless steel - duplex

%&'()(*/'

%&'()(*-'

'+*0()('+-*

'+*0()('+.1
M

Gray cast iron

High-strength cast iron with 
globular graphite

%&'()(*&'

%&'()(*,'

'+*'()('+-/

'+*'()('+-.K
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Steel - low carbon

Steel - alloyed steel

Steel - highly alloyed
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P

Stainless steel - austenitic

Stainless steel - duplex

%&'()(*/'

%&'()(*-'

'+*0()('+-*

'+*0()('+.1
M

Gray cast iron

High-strength cast iron with 
globular graphite
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Aluminum - 
Non-ferrous alloy !""#$#%"""&'!#$#"&()
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Aluminum - 
Non-ferrous alloy !""#$#%"""&"%#$#"&!!
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Gray cast iron

High-strength cast iron with 
globular graphite

3..*1*45.

3..*1*43.

./6.*1*./4.

./6.*1*./30K
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%&'()*+#*,-( ./5*1*7/.

Gray cast iron

High-strength cast iron with 
globular graphite

3..*1*45.

3..*1*43.

./6.*1*./4.

./6.*1*./30K
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Gray cast iron

High-strength cast iron with 
globular graphite

3..*1*45.

3..*1*43.

./6.*1*./4.

./6.*1*./30K
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Steel - low carbon

Steel - alloyed steel

Steel - highly alloyed
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Stainless steel - austenitic

Stainless steel - duplex
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Gray cast iron

High-strength cast iron with 
globular graphite
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Steel - low carbon

Steel - alloyed steel

Steel - highly alloyed

Stainless steel - austenitic

Stainless steel - duplex

Gray cast iron

High-strength cast iron with 
globular graphite
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Steel - low carbon

Steel - alloyed steel

Steel - highly alloyed
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Gray cast iron

High-strength cast iron with 
globular graphite
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Steel - low carbon

Steel - alloyed steel
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Stainless steel - duplex

Hard-to-process materials -
 nickel alloys

Hard-to-process materials - 
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Steel - alloyed steel
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Stainless steel - duplex

Gray cast iron

High-strength cast iron with 
globular graphite
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Steel - low carbon

Steel - alloyed steel

Steel - highly alloyed

Stainless steel - austenitic

Stainless steel - duplex

Gray cast iron

High-strength cast iron with 
globular graphite
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5'#+4%&0(&)%&*-&++
5'#+4%&0(&,$&*)&+1

Pg.066

SN0904

56$/$.&0(&-$&*.&++
56$/$.&0(&)%&*)&++
56$/$.&0(&,$&*1&+1

Pg.068

CUTTERS

78(9
78(9;$%$+$,;"(;<6%%$
78(9;$.$+$,;"(;<6%%$
78(9;$-$%$,;"(;<6%%$
78(9;$)4%$,;"(;<6%%$
78(9;$,$.#+;"(;<6%%$

Pg.077

SPMG

5"(:;$-$+$.;"(;<6%%$
5"(:;$-$+$.;"2;<6%%$
5"(:;$)$+$.;"(;<6%%$
5"(:;$)$+$.;"2;<6%%$
5"(:;$14%$,;"(;<6%%$
5"(:;$14%$,;"2;<6%%$
5"(:;$/$.$,;"(;<6%%$
5"(:;$/$.$,;"2;<6%%$
5"(:;##$.$,;"(;<6%%$
5"(:;##$.$,;"2;<6%%$
5"(:;#.$-#+;"(;<6%%$

Pg.073

DRILLING

!"#
$
%&

!"#

"#
$
%&

SN1206

56#+$)&0(&-$&*.&++
56#+$)&0(&)%&*)&++
56#+$)&0(&,$&*1&+1

Pg.068



CCMT

!!"#$%&%'%($)*$+,--%
!!"#$%.#/%($)"$+,--%
!!"#$%.#/%($)"$+,&%-0
!!"#$%.#/%($)"$+,&%'0
!!"#$%.#/%1$)"$+,--%
!!"#$%.#/%1$)"$+,&%-0
!!"#$%.#/%1$)"$+,&%'0
!!"#$-'%(%($)"$+,--%
!!"#$-'%(%($)"$+,&%'0
!!"#$-'%(%1$)"$+,--%
!!"#$-'%(%1$)"$+,&%-0
!!"#$-'%(%1$)"$+,&%'0
!!"#$-'%(-'$)"$+,--%
!!"#$-'%(-'$)"$+,&%'0

Pg.091 DCGT

2!3#$--#/%%0$))$+,--%
2!3#$--#/%-$))$+,--%
2!3#$--#/%'$))$+,--%
2!3#$--#/%($))$+,--%

Pg.111

DCMT

2!"#$%4%'%($)*$+,--%
2!"#$--#/%($)*$+,--%
2!"#$--#/%($)*$+,&%-0
2!"#$--#/%($)*$+,&%'0
2!"#$--#/%1$)*$+,--%
2!"#$--#/%1$)*$+,&%-0
2!"#$--#/%1$)*$+,&%'0

Pg.113

DNMG

2,"3$-0%&%($)*$+,--%
2,"3$-0%&%($)*$+,&%-0
2,"3$-0%&%($)*$+,&%'0
2,"3$-0%&%1$"*$+,'-%
2,"3$-0%&%1$""$+,'-%
2,"3$-0%&%1$)*$+,&%'0
2,"3$-0%&%1$)"$+,--%
2,"3$-0%&%1$)"$+,&%-0
2,"3$-0%&%1$)"$+,&%'0
2,"3$-0%&%1$)#$+,&%-0
2,"3$-0%&%1$)#$+,&%'0
2,"3$-0%&-'$)"$+,&%'0
2,"3$-0%&-'$)#$+,&%-0
2,"3$-0%&-'$)#$+,&%'0

Pg.117

TCMT

#!"#$--%'%($)*$+,--%
#!"#$-&#/%($)*$+,--%
#!"#$-&#/%($)*$+,&%-0
#!"#$-&#/%($)*$+,&%'0
#!"#$-&#/%1$)"$+,--%
#!"#$-&#/%1$)"$+,&%-0
#!"#$-&#/%1$)"$+,&%'0

Pg.123

TNGG

#,33$-&%(%($56+$+,1-%
#,33$-&%(%1$56+$+,1-%

Pg.127

TNMA

#,"5$-&%(%($+,4%-0
#,"5$-&%(%1$+,4%-0
#,"5$-&%(-'$+,4%-0

Pg.129

CNGG

!,33$-'%(%'$56+$+,1-%
!,33$-'%(%($56+$+,1-%
!,33$-'%(%1$56+$+,1-%
!,33$-'%(-'$56+$+,1-%

Pg.097

CNMA

!,"5$-'%(%($+,4%-0
!,"5$-'%(%1$+,4%-0
!,"5$-'%(-'$+,4%-0

Pg.099

CNMG

!,"3$-'%(%($"*$+,'-%
!,"3$-'%(%($)*$+,--%
!,"3$-'%(%($)*$+,&%-0
!,"3$-'%(%($)*$+,&%'0
!,"3$-'%(%($)"$+,--%
!,"3$-'%(%($)"$+,&%-0
!,"3$-'%(%($)"$+,&%'0
!,"3$-'%(%1$"*$+,'-%
!,"3$-'%(%1$""$+,'-%
!,"3$-'%(%1$)*$+,--%
!,"3$-'%(%1$)*$+,&%-0
!,"3$-'%(%1$)*$+,&%'0
!,"3$-'%(%1$)"$+,--%
!,"3$-'%(%1$)"$+,&%-0
!,"3$-'%(%1$)"$+,&%'0
!,"3$-'%(%1$)7$+,&%'0
!,"3$-'%(%1$)#$+,&%-0
!,"3$-'%(%1$)#$+,&%'0
!,"3$-'%(-'$)"$+,&%'0
!,"3$-'%(-'$)7$+,&%'0
!,"3$-'%(-'$)#$+,&%-0
!,"3$-'%(-'$)#$+,&%'0

Pg.101

TURNING

!"
#
$%

!"
#
$%



TNMG

!"#$%&'()()%#*%+",&(
!"#$%&'()()%-*%+"&&(
!"#$%&'()()%-*%+"'(&.
!"#$%&'()()%-*%+"'(,.
!"#$%&'()()%-#%+"&&(
!"#$%&'()()%-#%+"'(&.
!"#$%&'()()%-#%+"'(,.
!"#$%&'()(/%#*%+",&(
!"#$%&'()(/%##%+",&(
!"#$%&'()(/%-*%+"&&(
!"#$%&'()(/%-*%+"'(&.
!"#$%&'()(/%-*%+"'(,.
!"#$%&'()(/%-#%+"&&(
!"#$%&'()(/%-#%+"'(&.
!"#$%&'()(/%-#%+"'(,.
!"#$%&'()(/%-0%+"'(,.
!"#$%&'()(/%-!%+"'(&.
!"#$%&'()(/%-!%+"'(,.
!"#$%&'()&,%-0%+"'(,.
!"#$%&'()&,%-!%+"'(&.
!"#$%&'()&,%-!%+"'(,.

Pg.131 VNMG

1"#$%&'()()%-*%+"'(&.
1"#$%&'()()%-*%+"'(,.
1"#$%&'()(/%-#%+"'(&.
1"#$%&'()(/%-#%+"'(,.
1"#$%&'()(/%-!%+"'(&.
1"#$%&'()&,%-!%+"'(&.

Pg.151

WNGG

2"$$%(/()(,%34+%+"/&(
2"$$%(/()()%34+%+"/&(
2"$$%(/()(/%34+%+"/&(

Pg.155

WNMA

2"#3%(/()()%+"5(&.
2"#3%(/()(/%+"5(&.
2"#3%(/()&,%+"5(&.

Pg.157

WNMG

2"#$%(/()()%#*%+",&(
2"#$%(/()()%-*%+"'(&.
2"#$%(/()()%-*%+"'(,.
2"#$%(/()()%-#%+"'(&.
2"#$%(/()()%-#%+"'(,.
2"#$%(/()(/%#*%+",&(
2"#$%(/()(/%##%+",&(
2"#$%(/()(/%-*%+"&&(
2"#$%(/()(/%-*%+"'(&.
2"#$%(/()(/%-*%+"'(,.
2"#$%(/()(/%-#%+"'(&.
2"#$%(/()(/%-#%+"'(,.
2"#$%(/()(/%-0%+"'(,.
2"#$%(/()(/%-!%+"'(&.
2"#$%(/()(/%-!%+"'(,.
2"#$%(/()&,%-0%+"'(,.
2"#$%(/()&,%-!%+"'(&.
2"#$%(/()&,%-!%+"'(,.

Pg.159

TNUX

!"+6%&'()()%0%+"&&(
!"+6%&'()()%0%+",&(
!"+6%&'()(/%0%+"&&(
!"+6%&'()(/%0%+",&(

Pg.141

VBMT

17#!%&'()()%-*%+"&&(
17#!%&'()()%-*%+"'(&.
17#!%&'()()%-*%+"'(,.
17#!%&'()(/%-#%+"&&(
17#!%&'()(/%-#%+"'(&.
17#!%&'()(/%-#%+"'(,.

Pg.143

VCGT

18$!%&&(9((.%--%+"&&(
18$!%&&(9(&%--%+"&&(
18$!%&&(9(,%--%+"&&(
18$!%&&(9()%--%+"&&(

Pg.147

VCMT

18#!%&'()()%-*%+"&&(
18#!%&'()()%-*%+"'(,.
18#!%&'()(/%-#%+"&&(
18#!%&'()(/%-#%+"'(,.

Pg.149

!"#
$
%&

!"#

"#
$
%&


