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C
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L
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L

2 · s · n · 60

L
h
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L

60 · v
m

v
m
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t
1
· v

1
 + t

2
 · v

2
 + ... + t

n
 · v

n

100
(4)

(5)
q

1

100

q
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100

q
n

100
3F = +  F

2
3 · + ... +  F

n
3 ·F

1
3 ·
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�� !"#$%&

�� !"�#$%&

�� !"#$#%&'()*+,"- 105 �� !"#$%&'()*�+,
�� !"#$%& '( E�� DIN 636  �� !F�

�� !"�#

�� !"#$%&'()*!+&'%,-./0!&'%1,�23425
E��F �� !"#$%&'()*+,-./0,-12 < 0.52 ��  4200
MPa I=� > 0.6 ��  4600 MPa�

�� 
�� !"#$%&�'()*+,*-./01 2345&67,89:*+
��  0.0001 �=E�� DIN 636 �� !F�

�� !"�#

�� !"#$%&'() !"#*'()+,-. 90 % �� !"#$�%
�� !"#$%&'()*+,-*./0!12.3456789.:;"#
E�� DIN 636 �� !F�

�� !"#$%&'()*
— �� !"# !$

�� !"# $%&' ! F ��  (5) ��:

F = �� !" [N]
F1,F2 . . . Fn = �� !"#$ [N]
q1,q2 . . . qn = � F1,F2 . . . Fn �� !"# [%]

�� !"#$%

�� ! L � Lh ��  (1)�(2) � (3) ��:

�� !"#$%

L = �� ! [m]
Lh = �� ! [h]
C = �� !" [N]
F = �� ! [N]
s = �� ! [m]
n = �� !

(�� ) [min-1]

L = �� ! [m]
Lh = �� ! [h]
vm = �� ! [m/min]
v1, v2...vn= �� ! [m/min]
t1, t2...tn   = � v1, v2...vn ��

�� ! [%]



(6) F = |F
V
| + |F

H
|

��

��

(7) F = |F
V
| + |F

H
|
 
+ C ·

|M|

M
t

��

��

�

(8)
|M

0
|

M
t0

F
0
 = |F

V0
| + |F

H0
| + C

0
 ·

���

���

��
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— �� !"#$ !%

�� !"#$%&' !()*
�� !"#$ F ��  (6) ��:

��:
�� !"#$%&'(')*+,
�� !"#$%&'(

�� !"#$

�� !"#$%!"&'(!")*
�� !"#$%&'�()$*+ F0

��  (8) �� 
�� !" F0 �� !"#$%&'
C0 �
�� (8) �� !" #$%&'()

��
�� !"#$%&'()*+,-.
�� !"#$%  FV0 �� ! FH0�
�� !"#$%&' (8) �� !

— �� !"#$%!"&'()*

�� !"#$%!"&'(!")*
�� !"#$%&�'()*+ F �
�� (7) ��:
�� (7) �� !" #$%&'()

��
�� FV � FH �� !"#$%&' FV

� FH �� !" (5) �� 
�� !"#$%&'()*+,-.
�� !"#$%  FV �� ! FH�
�� !"#$%&' (7) �� !

F = �� !" [N]
FV = �� !"#$ [N]
FH = �� !"#$ [N]

F = �� !" [N]
FV, FH = �� !" [N]
M = �� [Nm]
C = �� !" * [N]
Mt = �� !" * [Nm]
* �� !

F0 = �� !" [N]
FV0, FH0,= �� !" [N]
M0 = �� [Nm]
C0 = �� !" * [N]
Mt0 = �� !" * [Nm]
* �� !

��
�� FV � FH �� !"#$%&' FV

� FH �� !" (5) �� 
�� !"#$%&'()*+,-.
�� !"#$%  FV �� ! FH �
�� !"#$%&' (6) �� !



����

��

����

�����
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amax = 250 m/s2

Tmax = 100 oC

Tmin = — 20 oC

vmax = 3 m/s

H A3 ∆H, ∆A3 [µm]
P ±  10 ±  10 7
H ±  20 ±  20 15
N ±  30 ±  30 20

�� !

�� !"#$ [µm]
�� !"#"$%&'()*+,
�� !"#$

�� !

�� �� ! 5 m/s �� !"#$%&'
�� !"#$%&'()*+,

�� �� !"#$
�� !":
amax = 50 m/s2

Tmax �� !"#$%
�� !"#$%&'()*
�� 80 °C�

�� ! �� ! [µm] �� !"
H � A3 �� !"

�� !"#$%
�� !"#$%&

�� !"#$
�� !"#$%&

�� !"
��1):

1)�� H � ∆ H �� !"#$�� !
�� !"#$%
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7 0.004 0.002
9/M3 0.005 0.002
9/M2 0.005 0.002
12 0.008 0.004
15 0.017 0.008
20 0.025 0.016

9/M3 B 0.010 0.004
12 B 0.014 0.006
15 B 0.018 0.011

�� ! [mm]

�
�
 
!
"

 P
1 

[µ
m

]

�� !"#$%
�� !" P1

�� !"#$%&'
�� !"#$%&

�� �� !" P1 [mm]
��

�� ! R0445
��

�� �� !" P1 [mm]
��

��  R0455
��

5

10

15

20

0

25

100 200 300 400 500 600 7000

H

800 900 1000

P

N

����



�

��

S
1
 = a · Y

Y 3.0 · 10-4 1.5 · 10-4

�	




S
2 
= b · 7 · 10-5

Made in Germany
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�� !
P

�� !

�� ! �� !
�� ��

N
�� !

H
�� !"

�� !"#$%&'

�� !"#$%&'( S2

�� !"#  S2  �� !"#$%&
��  H �� !"# ∆ H �� !
�� !"

�� !
�� !"#$%&'( S1

�� !"# S1  �� !"# H  ��
�� !"#$%&'(

S1= �� !"# [mm]
a = �� ! [mm]
Y = �� !

�� !

S2= �� !"# [mm]
b = �� ! [mm]

�� 

1
~0 �� 
��

1
~0 �� 
��

9
~0 �� 
��

9
�� !
�
�� !

�� !"
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�� ! / �� ! - �� ! R0442

�
�

  δ
el

. [
µm

]

�� F [N]�
�

  δ
el

. [
µm

]

�� ! / �� ! - ��  R0443

�
�

  δ
el

. [
µm

]

�� F [N]

�� ! / �� ! - ��  R0444

�� !"#"$%&'
���� !

��  4 �� !" 12.9 �
��� 

�� F [N]

�� 

breit = �

lang = �

��

	�

��

��

�

��

	�

��

��
�����

��
�����

��
�����

��
�����

	
��
�����

	
��
�����


�� ���� �
�� 	��� 	
��
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��

��

��

�

�

��
��

�

����
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��

����

��

��

��

����
����

��� ���� ���� ���� ����
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��

	�

��

��

�

��

	�

��

��

���
��

���

	
��

���

�

���
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���
�


��� ��

���
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Fmax. Mtmax. Fmax. Mtmax.

[N] [Nm] [N] [Nm]
7 1.000 3.2 1.150 3.7
9/M2 1.080 4.3 — —
12 — — 4.300 23.7
15 3.740 26.0 4.280 30.0

0445

0445

0455

R0442: 9/M3, 12 � 20
R0444: 9/M3
R0443: 9/M3 �, 12 �� 15 �

[N] [N] [N] [N]

< 0.1 < 0.1 ~0 0.1
< 0.1 < 0.1 ~0 0.5
< 0.1 < 0.1 ~0 0.5
< 0.1 < 0.2 ~0 0.9
< 0.2 < 0.4 ~0 1.21)

< 0.2 < 0.5 ~0 1.51)

7
9/M3
9/M2
12
15
20

9/M3 B
12 B
15 B

7
9/M3
12
15

< 0.2 < 0.3 ~0 1.51)

< 0.2 < 0.3 ~0 1.51)

< 0.2 < 0.4 ~0 1.51)

< 0.1 < 0.3 ~0 0.2
< 0.2 < 0.4 ~0 0.61)

< 0.2 < 0.4 ~0 0.91)

< 0.2 < 0.5 ~0 1.01)

�� !"
(�� !)
��

�� !

�� �� ! "#$
�� �� 0442�� 0442

�� !"#$%&

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

�� !"#$%&'()
�� : R044. ... 01
(�� !"#$%&)
�� !:
�� !"#$
N �� !" (�� !"#$)�
�� : R044. ... 00
(�� !"#$%&'()
�� 15, 20, 9/M3 B, 12 B, 15 B ��
�� !" 9/M3, 12 � 15 �� !
�� !"#$#%&

�� !"#"$%&'()'*+,
�� !"# DIN 645-1 �� !"#
�� !"#$%&'()*+�,-
�� !"#$%&'()*+�� 
� (F) ��  (Mt) �� !"#$%&
�� !"#$%&'()*+,-
��

�� !"#$%&'(:
• �� !"# 12.9
• �� !"#$%&
• �� !"#

(�� ! 8.8 �� !"#$#%
��  0.6 �� !)

1)�� !"

�� !

��

��

�� ! R0442

�� !"
�� ! (-01) N ��  (-00)

��  R0443

��  R0444

Fmax
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h1 r1 h2 r2 O5 O3 N8

max. max. ISO 47621) ISO 47621)

[mm] [mm] [mm] [mm] 4 � (��) [mm]

7 1.2 -0.1 0.1* 2.2 0.3 M2x5 M2x5 3.0
9/M3 1.5 -0.2 0.3 2.5 0.3 M3x8 M3x8 5.0
9/M2 1.5 -0.2 0.3 2.5 0.3 M2x6 M2x6 4.0
12 2.5 -0.5 0.3 3.5 0.5 M3x8 M3x8 5.0
15 2.8 -0.5 0.5 4.5 0.5 M3x8 M3x10 4.5
20 6.3 -0.5 0.5 6.5 0.5 M4x12 M5x14 6.5

9/M3 B 1.8 -0.2 0.3 2.5 0.3 M3x8 M3x8 5.5
12 B 2.8 -0.5 0.5 3.0 0.4 M3x8 M4x10 4.5
15 B 2.8 -0.5 0.5 4.5 0.5 M4x10 M4x12 6.0

7 1.2 -0.1 0.1* 2.2 0.3 M2x5 M2x5 3.0
9/M3 1.0 -0.1 0.3 2.5 0.3 M3x8 M3x8 5.0
12 2.0 -0.2 0.3 3.5 0.5 M3x8 M3x8 5.0
15 2.8 -0.5 0.5 4.5 0.5 M3x8 M3x10 4.5

M2 M3 M4 M5

A2-70   0.35 1.1 2.0 3.9
12.9  0.50 2.1 4.6 9.5

�� !"#$
�� !"#$%&

�� !"#�$%

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

�� !"#$%&'()*+

�� !

*�� !"

�� 7

��

�� ! R0442

��  R0443

��  R0444

1)��  DIN 912

N8

h1

r1

h2

O5r2

O3

��
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�� !"

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

• �� !"�#$%&'

 �� !"#$%!

�� !"#$%&'()*+,-.
��  CLP (DIN 51517, � 3 ��) �
��  HLP (DIN 51524, � 2 ��) �
�� !"#$%&'"#$()*
40 °C �� !"#$% 100 mm2/s �

�� !"#$%&'( ��:
• �� !"#$%"&'
• �� !"#$%&�'()*+
�� !"#$%&'(#)*

• �� !"#$%&'()*+,
��

�� !"#$%&'( DIN 51825
�� ! KP00K �� !"
�� !"# Dynalub 520  �� !
�� !":
— � 5 ml �� !"#$%&
�� : R0419 090 01

— 400 g �� !"#$�� %
�� : R3416 043 00

�� �� !"#$%&'(:
— �� !" NLGI 00 �� !"#

� Dynalub 520 �� !"#
— �� !"#$%&'%()*+,
�� !"

�� !"#$%&%'()*+,-
�� !"#$%&'("!

�� �� !"#$%&'()*+,-./0 123
�� !"#$%&'(!)*+,-./

�� �� !"#$%&'%()*+,-.
�� !"#$%&'()*+,-.
• �� !"#$%&'()* +,)-.
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��  (�� < 2 �� !"#)

�� !"#!�� �� �� �� �� ��� !"�� !"�� !"�� !"�� !"
( �� : 0419-090-01 ) �� !"
�� 

�� !"#�� !"#�� !"#�� !"#�� !"#�� !"#��� �� �� �� �� 
�� 

�� !

�� !
=�� !"#$%&'()$*

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

=�� !"#$%&'()*+

��!

�� !"�#$%&' E�� !F �
�� !" 5000 km :
— F < 0.1 C
— Vm = 0.65 m/s
— 90 mm ��
— �� !
• �� !"#$%&'()*+,-
�� !"#

=�� !"#$%&'()*+

�� !"#$%!"&'!

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

�� !"#$%&'(#$)*#$%&+,
��  < 0.5 �� !"#$%&'�()#*� +,-.� /!"0123
�� !"#$%&'(
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7
9/M2
9/M3
12
15
20

9/M3 �
12 �
15 �

7
9/M3
12
15

7 0.025 0.05
9/M2 0.030 0.06
9/M3 0.030 0.06
12 0.075 0.15

9/M3 B 0.040 0.08
12 B 0.075 0.15

7 0.04 0.08
9/M3 0.045 0.09
12 0.12 0.24

[cm3] [cm3]

�� !��"#

�� !"#$%&'()*+,
��:

�� 1

�� !"#$%&'()*+,-.
�� !"#$%&'()*

�� !"#$"#%

��

�� ! R0442

��  R0443

��  R0444

�� !
�� 1 �� 2

�

�� �� !"#$%� 
�� !"
�� (L/R)

�� !
(L+R)

��  R0443

�� ! R0442

��  R0444



L

R

oder

L

R

L

R

L

R
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15 0.06 0.12
20 0.09 0.18

15 B 0.09 0.18

15 0.10 0.20

[cm3] [cm3]

�� 2
�� !"#$%&��'!()*+
�� ��!

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

�� �� !"#$%� 
�� !"
�� (L/R)

�� !
��

��  R0443

�� ! R0442

��  R0444

�

�


