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With βL = lk/dw and γ = DA/dw and case differentiation A, B, C with DAGr = dW + w lK tan φ

Source: Friedrich C., Lecture of Maschinenelemente, University of Siegen, 2017.
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- �=+�A"�� �H��
D>7Mt&���E:�6�
 �>7@8<��=>7�6
C?��F/#$�B�A",
��60"
.�A",L

- �2���':
- �;
.�1: MT_r = 300 Nm
- ?>�1: MT_o = 850 Nm

- %!��:
- 4 KJ(M6x55 10.9 DIN 4014
- 4 KJ)M6 10 DIN 4032
- *H�/I3�1�MA = 12 Nm 
- 9G3��4�. FV = 12 kN (acc. 

to VDI 2230)
- J(	5/-�0�dbc = 140 mm
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Mt
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- C5���C)�> ("�&>
).

- ,2.+�%A�0	�!:

- �4?�lc = 10 mm

- ��dh = 8 mm

- �>/�DA = 18 mm

- (�.71
- C): δS = 2.669E-6

- �4@�: δP = 1,390E-6

- C5$�.� 3!
µth = 0,16.

- ��:
- C);�#�6�-8�.�4B�����?

- C)#�:9?

- *����=:� �'�<�?
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&�VDI2230����
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VDI 2230�$�����!���

Source: Friedrich, C.; Hubbertz, H.: Friction 
behavior and preload relaxation of 
composite products with fastening systems, 
International Conference on Composite 
Structures ICCS-17, Porto, 2013.
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(02.2003) 
friction classes

VDA 235-101
(11.2009)

BMW GS 90003-2 
(11.2009)

VW 01129 
(02.2010)

SAE USCAR-11-1 (02.2007)
Renault 01-50-005/--D (01.2003)
PSA B15 4102 (01.2006)

class A µb, µth

class B µb, µth

class C µb, µth

class D µb, µth

class E µb, µth

µtot

µb, µth

µtot

µtot

GM GME-00150
(04.2001)

µtot

µb, µth

µtot

µb, µth

µtot

µb, µth

µtot



17 AFS Advanced Fastening Solutions GmbH, Germany

5 ��������?
�������� �������

Drehwinkel J

An
zi

eh
dr

eh
m

om
en

t M
A

MA

En
ts

te
hu

ng
-S

...
ds

f MK

MG

µ1

µ2

µ3

Reibung
zunehmend, d.h.
µ3 > µ2 > µ1

u.U. Drehmoment-
diskontinuitäten durch instabile
Bauteilkontakte

Drehwinkel J

Vo
rs

pa
nn

kr
af

t F
V

En
ts

te
hu

ng
-S

...
ds

f

µ1

µ2
µ3

FV

FV

korrespondierende 
Diagramme, 
d.h. gleicher 
Schraubfall

e.g. ������������
���

����
�:

Ttot

Tb

Tth

FP

FP

Pr
el

oa
d 

F P
To

rq
ue

 T
to

t

Tightening angle ϑ

��!���
	�

Tightening angle ϑ



18 AFS Advanced Fastening Solutions GmbH, Germany

5 ��������?
��FP���
Tt����	��

h

!" =
2 % &'('

)* %
+

, % )*
+ 1.155 % 1'2 + 13 %

43
)*

����&'('
&'('=&'2 + &2

����&'2 = !"
56
*
789 :

;

8<=789 >
?%56

+

8<=789 @A
BCD( ⁄G 6)

��: &'2 = !"
56
*

>
?%56

+ 1,1551J

����&2

&2 = !"
KL
*
12



19 AFS Advanced Fastening Solutions GmbH, Germany

5�����
	�?

- �	����������
�. 
- VDI 2230��A8�����������.
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6 
���–	���III: ���

- �'���
#+�0����
0�M12x1.5x55 10.9.

- /"���MA = 80 Nm (��!�
B: µtot = 0.08 – 0.16)

- �)$FB = 9 kN��0�(��
-*��!��,	+��(� 
��%.���!�µi = 0.12)

- &+�����?

	��

FB
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7.1 �������������������?

- �����& .$�(����
�� $
*��

	��
������

Source: Friedrich, 
Designing Fastening 
Systems, Marcel Dekker, 
New York, 2004. 
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7.1�������������������?
VDI 2230�
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7.1�	��������������
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Source of figure: Friedrich, Designing Fastening Systems, Marcel Dekker, New York, 2004. 
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7.2 	
�–����IV: ���

- The flange plate of a stop valve is clamped with 6 

M20 10.9 studs with nuts M20 10 (Db = 26 mm).

- The tightening is done with a torque of Ttot = 430 
Nm. (friction class B: µtot = 0.08 – 0.16)

- The maximum pressure is p = 10 Mpa and acts on 
a surface of 24000 mm².

- Seating (Embedding) values of VDI 2230 should 
be taken into account (Rz = 30 µm).

- Additionally there is a preload loss due to 

relaxation of the gasket of 30% of the tightening 
preload.

- Resiliencies
- Screw: δS = 1.488E-6

- Clamped Part: δP = 2.342E-7

- Is the flange properly sealed?

����

íp
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8.2��������?
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