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Efficient modeling and evaluation
method of bolt connections based
on VDI 2230 guideline.

ngenieure.




Motivation and Typical Problems of a bolt assessment ngenieu re

introduction strategy abaqus setup assessment bolt assessment detailed assessment additional features

* Bolts are one of the most used conneciton types between components.
« Bolts have to resist loads in service (proof of strength needed, VDI 2230 widely used standard)
* Reduce modeling effort as much as possible

« Assemblies may include many (different) bolts and load cases, proof of strenght can be very time
consuming

* Proof of strength for the bolts must be furnished identically for all engineers in the company and for
every project (reliability)

« If proof of strength cannot be furnished, the engineer needs to understand fast why are the bolts
failing / which load causes failure

AND
answer the question very fast, which modifications are required to fix the problem _
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Motivation and Typical Problems of a bolt assessment ngenieu re

introduction strategy abaqus setup assessment bolt assessment detailed assessment additional features

A standard-compliant assessment of bolted connections is often in contradiction with the tools that the
CAE programs supply.

VDI 2230 . FEM
* RO-R13 %\%QS%\S\Q\?W\ * Only the pretension node forces can be
%\'N(\q,@%% queried easily.
o » The maximum stress occurs at a singularity.

* For a proof of bolts, the resulting stress can

By using the FEM, 4 steps are needed only be used with huge effort.

* R8: working stress

 R9: alternating stress
 R10: surface pressure \\\Q\'&\
« R12:slipping, shearing

Singular with simplified bolts
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Our strategy ngenieure

introduction strategy abaqus setup assessment bolt assessment detailed assessment additional features

The goal must be to furnish the bolt assessment in less than 10 active minutes effort.

pesgen 7/&
1. parametric bolt models S

dh

5 ——=f

2. automatic definition of the pretension forces

3. automatic definition of the necessary output variables
4. automatic extraction of the cutting forces and moments
5. automatic extraction of the inner surface shear forces

6. easy VDI2230 assessment setup

7. easy forecast studies
8. real-time documentation!
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Bolt modeling (screen record in real time)

‘ngenieure.

introduction

setup assessment

bolt assessment

Ds2

Dk

tttttt 9y abaqus
# SchraubenBox
Eingabe
Modell: Model-1 |
Gewindegroesse: ;M10 ~ Ok

(® Regelgewinde

(O Feingewinde
Steigung [mm] 0.5 1
(® Ohne Scheibe

detailed assessment additional features
X
!

i
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(O Mit Scheibe
Schraubenlénge IS [mm]: i10 l

Plattendicke IP [mm]: | 5.0

Verbinungsgruppe: ‘“Gruppe? ‘
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https://di-gmbh.com/single_bolt.mp4

load and output modeling

introduction strategy abaqus

¢ Schrauben Lasten

© Bedingung

setup assessment

bolt assessment

s

ngenieure

detailed assessment

additional features

Allgernein

Welches Modell soll bearbeitet werden?

Schraubenlasten erstellen

Model-1 b (®) Schraubenlasten erstellen

(") Schraubenlasten modifizieren

Welcher Code soll benutzt werden (Standard/Explicit)? | Standard

i) Schraubenlasten entfernen
() Schraubenlasten hinzufiigen
() Schraubenlasten Original

— | Model modification method

Lastfille —

In welchem Schritt sollen die Schrauben vorverschoben werden? | preMove
In welchem Schritt sollen die Schrauben vorgespannt werden? | preload

In welchem Schritt sollen die Schrauben festgehalten werden? | prefix

In welchem Schritt erfolgt erste Belastung? Last 1~
Kennwerte Schraubenlasten
Démpfgungskonstante 3000 (® Vorspannung nach VDI2230
Vorverschiebung 0.07 () Vorspannung nach VN1483-2
Vorspannung Handeingabe
Reibungskoeffizient 012 O P J J

Anziehfaktor (Abminderung) |1

|

Optionally automatic creation of the
necessary load steps, including

necessary output.

Pretension method

Numerical stabilization parameters
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load and output modeling ngenieu re

introduction strategy abaqus setup assessment bolt assessment detailed assessment additional features

M * Required Parameter for each Bolt group:
- * Strength grade

® Schaubenisten eselen ~+ friction coefficient

S = tightening factor

D o « utilization factor of the yield point

stress

Bedingung

Welches Modell soll bearbeitet werden? Model-1

<

Welcher Code soll benutzt werden (Standard/Explicit)? | Standard ~

() Schraubenlasten Original

Lastfille

In welchemn Schritt sollen die Schrauben vorverschoben werden? | preMove
In welchemn Schritt sollen die Schrauben vorgespannt werden? | preLoad |~

In welchern Schritt sollen die Schrauben festgehalten werden? | prefix v

The application of a preload losses due to

In welchern Schritt erfolgt erste Belastung? last &
relaxation is easily possible.
Kennwerte Schraubenlasten
Dampfgungskonstante 3000 (®) Vorspannung nach VDI2230
Vorverschiebung 0.01 (O Vorspannung nach VIN1483-2

WYorspannung Handeingabe
Reibungskoeffizient 0.12 © Vorspannung J

Anziehfaktor (Abminderung) | 1
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Example: .
load definition for 62 bolts in less than 1,2 min gngenieu re.
(screen record in real time)

introduction strategy abaqus setup assessment bolt assessment detailed assessment additional features

Y

A

Z X

For animation, please visit https://di-gmbh.com/assembly.mp4
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Postprocessing in abaqus

introduction strategy abaqus

Extract the bolt forces:

1. Open Result file
2. Click on “bolt assessment”
3. Get a text-file for each bolt group

4. Fast: less than 5 minutes for > 60 bolts
and 16 load cases

ngenieure

setup assessment bolt assessment detailed assessment additional features

Extract the inner surface shear forces:

1. Open Result file
2. Click on “R12 Contact assessment”
3. Get one text- file

4. This maybe takes some time (depending on
amount of contact pairs and load cases)

=| Model-1.o0db_ MBX20_R_STUTZENT.bt

=| Model-1.0db_ MBX20_R_STUTZENZ. bt

=| Model-1.0db_ MEX20_R_STUTZENZ.tet Both tasks are
=| Model-1.odb_ M8X50_R_DECKELT.txt automatically done
=| Model-1.odb_ M10X50_R_DECKELZ.txt with our macros

= Model-1.edb_ R12.bd
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DIENE ©

Start with our Bolt Tool ngenieure.

introduction strategy abaqus setup assessment bolt assessment detailed assessment additional features

& Vorauslegung ©

-\ | XX

‘ngenieure
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DIENEE ©

Group definition ngenieure.

introduction strategy abaqus setup assessment bolt assessment detailed assessment additional features

Gruppendefinition & Gruppendefinition
l Aushlenden

Gruppendefinition <
s ngenieure Gruppenname M6X20_R_STUTZEN1 M6X20_R_STUTZEN2
Gruppenname M6X20_R_STUTZEN1 MEX20 R _STUTZEN2 M6X20_R_STUTZEN3 M8X50_R_DECKEL1 M10X50_R_DECKEL2
Nemnducmessr ] p - = o Nenndurchmesser [mm] MB M6
Lénge [mm] 20 20 20 50 50
Festigkeitsklasse 88 88 88 88 88 H -
nge [mm] 20 20
Herstellungsart unbekannt
Gewindetyp
S : ; . - - Festigkeitsklasse 3.8 8.8
o Gewinde [-] 012 012 012 0.12 012
u Kopf [-] 012 012 012 012 012 - "
Herstellungsart schlussgewalzt schlussvergitet
Werkstoff $355J0 $355J0 §355J0 §355J0 $355J0
[‘h;’elnzﬂ;a']chenpremng 760 760 760 760 760
pentm N, | [ 6 . . , B Gewindetyp Regelgewinde Regelgewinde
Fasentiefe [mm] 0 (4] 0 o 0
Vorspannungszeitpunkt 0 0 0 0 0 smig“ng [m m] -I "l
Ermiidungsszenarien FV-AILD EV-Al:D FV-Al.D FV-AILD FV-AlLD
Sehraubentyp / Norm 1S0_4762(DIN_912) 150_4762(INgg12) 1S0_4762(DIN_912) 150_4762(DIN_912) 1S0_4762(DIN_912)
Kopfauflagendurchmesser s i = e e I-l Gmlnde ['] G-1 2 D.‘; 2
[mm] =
Scheibenunterlage / Norm keine Unterlage keine Unterlage keine Unterlagd keine Unterlage keine Unterlage
Scheiber durch
Soliani 0 : > 0 u Kopf [-] 0.12 0.12
Scheibenhéhe [mm] o o 0 0 0
Reduktionskoeffizient 0.5 0.5 0.5 05 0.5
Werkstoff 5353510 535510

i b9sdeadf-fdba-11e9- 40100b6-fdba-11e9- cb9c9234-fdba-11e9- d6dad638-fdba-11e9- ea5fa0ec-fdba-11e9-

Gruppe léschen & B85 cadb0acE o 125 b88a-d > bega-d 232
e
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Little helpers: Mouse hover and popups ngenieu e

introduction strategy abaqus setup assessment bolt assessment detailed assessment additional features
Steigung [mm] - -
DITools - Durchgangsbohrung - DIN 7... = O .
H Gewinde [-] &y | httpsy/ditools.di-gmbh.com/pages/Schrauben_Type_3/D
- Die einzelnen Ermiidungsszenarien mit | (Pipe)
H Kopf [-] Durchgangsbohrung nach DIN 75 9 | (Pipe
trennen.
Werkstoff Die einzelnen Lastzeitpunkte mit - trennen.
fein mittel grob Die Lastwechselzahl mit : von den Lastzeitpunkten
Gewinde [mm] [mm] [mm]
Grenzflachenpressung trennen.
2
[N/mm’] M1 1.1 12 13
Durchgangsbohrung [mm] & M1.2 13 14 15
Fasentiefe [mm] M1.4 1.5 1.6 1.8
Mouse hover Vorspannungszeitpunkt M1.6 17 1.8 2
VDI 2230 Dauerfest:

. . M1.8 2 2.1 2.2

Ermiidungsszenarien Np = D = 2,000.000
Achtung: Die Software rechnet mit Miner
Jeder La t dem V. . t wird Elementar.
er Lastpun ?nl:t em nrs:::nzertpun wi FV = Vorspannzeitpunkt
mCAT Ansgemerte All = Alle Lastfille
L D = Dauerfest
i Mouse hover Bsp.
/ FV-All:D|3-4:4e5
)
{ All -4: 20000 | FV -3 ; 2.5e5
L All - Al : D
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Bolt evaluation ‘ngenieure.

introduction strategy abaqus setup assessment bolt assessment detailed assessment additional features

* 62 bolts

« 16load cases

e 2 section cuts per bolt

« 3forcesand 3 moments per section cut
e 262x16x2x6=11904values

* Evaluation of all load case scenarios

—> Cumbersome and risky for possible errors
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Realtime d

introduction

Page 14

ocumentation with screenshot function

ngenieure

abaqus setup assessment bolt assessment detailed assessment additional features
Zusammenfassung &3 :
‘ 4 ngenieure
(] |
R8 - Betriebsbeanspruchung (Statischer Nachweis) V:1.01
Fsa Mse Mrorsion oz o T ORed Rea2 S¢
Schraube Gruppe Position Zeit IN] [Nmm] [Nmm] [MPa] [MPa] [MPa] [MPa] [MPa] -1
M10X50_R_DECKEL2-1-RAD-2_KOPF_IOS M10X50_R_DECKEL2 KOPF 6 39308 440842 2338 678 7078 -205 7758 640 m
MEX20_R_ ZEN1-1_KOPF_IOS M6X20_R_STUTZEN1 KOPF 6 931990 19307 1480 7 =212 74677 640 m
MG6X20_R_STUTZEN2-1-RAD-6_GEWINDE_IOS M6X20_R_STUTZEN2 GEWINDE 10 -35487 626134 3047 1763 49176 =212 50940 640 m
MG6X20_R_STUTZEN3-1-RAD-6_GEWINDE_IOS M6X20_R_STU 3 GEWINDE 14 -36149.7 663559 3439 1796 52115 =212 53912 640 m
MBXS0_R_DECKEL1-2-RAD-3_KOPF_IOS MB8X50_R_DECKEL1 KOPF 6 -23628.8 245828 4279 645 7869 -208 8516 640
R9 - Schwingbed V1.0

Schraube

M10X50_R

A

M6EX20_R_ST}

M6X20_R_STY

MBX5(
Ausblenden

R10 - Flachenprd

Zusammenfassung (&)

370843

25217.8

26700.8

39509

Schraube Pg [MPa] Se 1
1300
1300 4
300 1
M6X20_R_STUTZEN3-1_GEWINDE_IOS M6X20_R_STUTZEN3 GEWINDE 15 37126 349 1064.1 1300 22
M8XS0_R_DECKEL1-2-RAD-3_GEWINDE_IOS M8X50_R_DECKEL1 GEWINDE 6 236288 553 4235 1300 307
R12 - Gleiten V:1.00
50 |entries o
Gleitebene Zeit Faxm Fam vl S tndex [-] RW [mm]
BEHAELTER-1.D]_R12_DECKEL_1 5 474535 558929 0136235
BEHAELTER-1.D]_R12_DECKEL 2 5 615427 686166 00490791
BEHAELTER-1.D_R12_STUTZEN_1 5 115326 138301 1.00254
1 136483 113136
15 138515 16621.8 0921435
Zeit Faxy Famy wil S index [-] RW [mm]

entries
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R8 | R - Assessment

DIENE ©

ngenieure.

introduction strategy abaqus setup assessment bolt assessment detailed assessment additional features
Zusammenfassung
| Ausblenden
R8 - Betriebsbeanspruchung (Statischer Nachweis) V:1.01
Fsa Mse Mrorsion oz Oe T ORed Reo.2 S¢
Schraube Gruppe Position Zeit N] [Nmm) [Nmm] [MPa] [MPa] [MPa] [MPa] [MPa] 8]
M10X50_R_DECKEL2-1-RAD-2_KOPF_IOS M10X50_R_DECKEL2 KOPF 6 -39308 440842 2338 678 7078 -205 7758 640
MEX20_R_STUTZEN1-1_KOPF_ICS MGEX20_R_STUTZEN1 KOPF 6 -297822 931990 19307 1480 73197 -212 74677 640
MGEX20_R_STUTZEN2-1-RAD-6_GEWINDE_IOS MGEX20_R_STUTZEN2 GEWINDE 10 -35487 626134 3047 1763 49176 -212 50940 640
MGX20_R_STUTZEN3-1-RAD-6_GEWINDE_IOS MGEX20_R_STUTZEN3 GEWINDE 14 -36149.7 663559 3439 1796 52115 -212 53912 640
MEXS0_R_DECKEL1-2-RAD-3_KOPF_IOS MBXS50_R_DECKEL1 KOPF 6 -236288 245828 4279 645 7869 -208 8516 640
R9 - Schwingbeanspruchung (Ermidungsnachweis) V:1.01
AFg, AMse Ao; Acg Tany Oas So
Schraube Gruppe Position Szenario Zyklen [N] [Nmm] [MPa] [MPa) [MPa] [MPa] [
M10X50_R_DECKEL2-1-RAD-2_GEWINDE_IOS M10X50_R_DECKEL2 GEWINDE 3-6 2000000 9704.8 4364646 837 3503.7 35874 51 0.01
MGEX20_R_STUTZEN1-1_KOPF_ICS MGEX20_R_STUTZEN1 KCPF 3-6 2000000 19600.3 9319684 437 365978 370843 58.5
MEX20_R_STUTZENZ-1-RAD-6_GEWINDE_JOS MGEX20_R_STUTZEN2 GEWINDE 3-10 2000000  25305.1 626163.1 628.7 24589 25217.8 595
MEX20_R_STUTZEN3-1-RAD-6_GEWINDE_IOS MGX20_R_STUTZEN3 GEWINDE 3-14 2000000  25967.8 6635104 6452 26055.6 26700.8 595
MEXS0_R_DECKEL1-2-RAD-3_KOPF_ICS MEX50_R_DECKEL1 KOPF 3-6 2000000 5001.2 2431639 63.3 38916 38509 542 0.01
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R10 | R12- Assessment

DIENE ©

ngenieure.

introduction strategy abaqus setup assessment bolt assessment detailed assessment additional features
R10 - Flachenpressung V:1.01
Schraube Gruppe Position Zeit Fsa [N] A, [mm?] pe [MPa] Pg [MPa] Sp [
M10X50_R_DECKEL2-1-RAD-2_GEWINDE_IOS M10X50_R_DECKEL2 GEWINDE 6 393028 895 439 1300 296
MBEX20_R_STUTZEN1-1-RAD-2_KCPF_ICS M&X20_R_STUTZEN1 KOPF 5 313839 349 8995 1300 145
M6X20_R_STUTZEN2-1_GEWINDE_IOS MEX20_R_STUTZEN2 GEWINDE 11 375198 349 10754 1300 121
MEX20_R_STUTZEN3-1_GEWINDE_IOS MG6X20_R_STUTZEN3 GEWINDE 15 37126 340 1064.1 1300 122
M8X50_R_DECKEL1-2-RAD-3_GEWINDE_IOS M8X50_R_DECKEL1 GEWINDE 6 236288 55.8 4235 1300 307
R12 - Gleiten V:1.00
Show QO*I entries Search: I I
Gleitebene Zeit Fax ) Fam Bl S index [-] RW [mm]
BEHAELTER-1.DI_R12_DECKEL 1 6 474535 558929 0.12 0.136235
BEHAELTER-1.DI_R12_DECKEL 2 6 615427 68616.6 0.12 0.0490791
BEHAELTER-1.DI_R12_STUTZEN_1 6 115326 13839.1 012 1.00254
DECKEL_1-1.DI_R12_STUZEN_2 11 136483 163779 0.12 1.131386
DECKEL_2-1.DI_R12_STUZEN_3 15 138515 16621.8 0.12 0.931435
Gleitebene Zeit Fax Fam vl S index [-] RW [mm]
Showing 1 to 5 of 5 entries Previous 1 Next
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Detailed assessment: R8 - working stress ngenieu e

introduction strategy abaqus setup assessment bolt assessment detailed assessment additional features

Detailed assessment for each bolt result. A simple click is enough.

- Easy identifying of the possible failure mode

M10X50_R_DECKEL2-1- Betriebsbeanspruchung (VDI2230 R8/4) mit Biegung (VDI2230 149) Zugspannung: N
RAD-2_KOPF_IOS s { 2}
2 2 mrin
Ored B — \/(JZ +oB)" +3- (kfrTmax) =
M10X50_R_DECKELZ
Biegespannung:
KOPF . N N N s
Tred B = \/ 678 —— 7078 —— 3- (0.5 . —205—) = mm?
’ . mm? 2 mm?
Zeit: 6
Torsionsspannung:

o P 9 N
Festigkeitsklasse: 8.8 Oreap = T758 5 £ 2
o Sicherheit gegen Uberschreitung der Streckgrenze: (VDI2230: R8/5-2)

99 9 g ' ' Reduktionskoeffizient:
640 N kT [_]
R
OredB 7758 —
mm®
Streckgrenze N
(T=23°Q) RPQ_2 [ 3 ]
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Detailed assessment

introduction strategy

R9 - alternating stress

M10X50_R_DECKEL2-1-
RAD-2_GEWINDE_IOS

Schwingfestigkeit fiir schlussvergiitete (SV) Schrauben
(RO/5-1| R9/6-1)

150 Np)?
M10X50_R_DECKEL2 aasy = 0.85- [ —— +45 (_“) e
d Nz

GEWINDE

Szenario: 3 - 6

C (150 (2000000\F
arsy = 0.85 (W \4.,) (2000000) =

Lastwechsel: 2000000

Herstellungsart: unbekannt

a Schwingfestigkeit fir schlussgewalzte (SG) Schrauben
(R9/5-1| R9/5-2 | R9/6-2)

AFu | i
+Fu 150 Np\*

i=12- =2 — | -085- [ =— +45]-(=2) =
TASG (~ ik ) 0.85 ( Fl +45 (Nz)

ZE 4 29603
oase = |2- —Fm—e— |
640 - 58

50\ (2000000 E
T0 )\ Ze00000 ) T

N
apsa = 136
mm?
Schwingfestigkeit filr unbekannte Schrauben

(keine VDI2230 Formel)

oay = min(7asy|rasa) =

Dauerschwingbeanspruchung: (VDI2230: R9/2 modifiziert)
N N
Tuy = Aoy + Aoy = 83.7—— +3503.7—— = 3567.4
mm' mm
Sicherheit der Schwingbeanspruchung: (VDI2230: R9/4)

. 51-IL
Sp=TA8 —__mw'_ _p
Taby 358?,4m
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abaqus

Nennduchmesser:

Schwingspiele:

Zugspannungsamplitude:

Biegespannungsamplitude:

Spannungsquerschnitt:

Montagevorspannkraft

Betriebskraftschwingbreite:

Streckgrenze
=230

d[mm]|

Naz[-]

As[mm?]
FulN|

AFsa N

o |

DIE

setup assessment bolt assessment

R10 - surface pressure

M10X50_R_DECKEL2-1- Sicherheit gegen Flachenpressung: (VDI2230: R10/4)

RAD-2_GEWINDE_IOS

N
g __Pa __Pc _ A0 206
P_Pbmu_FSA-w — 303N
M10X50_R_DECKEL2 N A 89.54mm?

R12 - slipping, shearing

Sicherheit gegen Gleiten: (VDI2230: R12/4 modifiziert)

Fax'p _ 474535N-0.12
Sg = = 102
¢~ TFq 558929 N

BEHAELTER-1.DI_R12_DECKEL_1

detailed assessment

ngenieure.

additional features

maximale Axialkraft:

Fia max [N]
Auflageflache:
. 2
(VDI2220: 129,193,194) Ap i [mn”]
Fléch :
ichenpressung: N
Pb,max o
mm’

Grenzflachenpressung: N
Pe [ }

Axialkraft:

Fax [N]
Querkraft:

Fo [N
Reibungskoeffizient:

vl
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Forecast studies

introduction strategy abaqus setup assessment bolt assessment

Just change the bolt properties of a group
* Bolt diameter

« Strength grade

 Manufacturing

« Thread type

and click on the save button.

Caution: This is an engineering guess, a final
verification is needed.
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Gruppenname

Nenndurchmesser [mm]

Liange [mm)]

Festigkeitsklasse

Herstellungsart

Gewindetyp

ngenieure

detailed assessment additional features

MEX20_R_STUTZEN

3.6
4.6
5.6
5.8
6.8
9.8
10.9
12.9
A-50
A-70
A-80
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Additional features

introduction strategy abaqus

Web tool

Determination of:
* Pretension force, including documentation
« Compression cone
* Preload losses due to relaxation

Copy project setups for nearly similar FEM- Models
 Cold and hot conditions
* Part modifications

Export whole data table results to:

 C(lipboard
« CSV
*  Excel
- PDF

* Direct printing
Multi CAE software support:

Page 20

ngenieure

setup assessment bolt assessment detailed assessment additional features

Web based

No local installation required
No local updates needed
No CAE license needed

Operating system independent

Abaqus

Boolean of bolt surfaces and sets for all instances per Part
Automatic general Contact definition

Automatic generation of Solid property cards for each
material

Several toggle features

High resolution picture capture to clipboard
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Conclusion ngenieu e

ﬂ/\\i\

Parametric geometry setup

Automatic / parametric //79 Y
pre- and postprocessing /77@

Fast and comprehensible
VDI 2230 assessment
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ngenieure

Thank you for your attention

For additional information or a websession/live demo, please contact:

Ridiger Fichtenau
r.fichtenau@di-gmbh.com
T: +49731 85077913

DI - Die Ingenieure GmbH
RingstraBe 1

89081 Ulm

Germany

T: +49731850779-0
info@di-gmbh.com
https://di-gmbh.com
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