Connecting Bolts Represented as
Beam Elements

Connecting Bolts with the Rest of an Assembly



Modeling Bolts

* In an assembled structure, modeling bolts as solid bodies usually results in
computationally large models that can take a long time to solve.

* It can be very efficient to model the bolts as line bodies rather than solid bodies,
especially if tens or hundreds of bolts are present.
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Modeling Bolts as Beam Connections

No need for the bolt geometry

Mesh with beam elements, which may reduce the model size significantly for
assemblies with many bolts

Suitable when modeling the effect of the preload

Used for a large assembly with a large number of bolts when the performance of
the entire assembly is important

Details of the stress of the bolt joint would not be available



Preparing Geometry — Beam Connection

 When using Beam Connections, we don’t need the geometries for bolts, washers or
nuts. However, before deleting/suppressing these bodies, we should prepare
geometry for analysis.

 Geometry preparation includes:

- Imprint the face of the washer/bolt head/nut on the geometry. Although you could tie the vertex of
the beam connection to the edge, it is more accurate to tie it to the area representing the region
contacting the bolt head/washer/nut. The preload will be distributed on the finite area, which is
more accurate.




Preparing Geometry — Beam Connection (cont.)

* In Ansys SpaceClaim, the imprint can be created by using the "Project" feature.
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Beam Connections for Bolts
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Beam Connections for Bolts (cont.)

* Advantages:
- Very little effort in pre-processing
- Automation of creating beams using Object Generator
- Simple drag-and-drop actions for defining bolt pretension object

* Limitations over line bodies:
- Not applicable when preload cannot be defined using the pretension object.

Beam connections are the recommended way of
modeling bolts as line bodies.
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What Is a Remote Point?

 Remote Points are a way to connect a vertex to a solid model (edge,
face). Beam Connections make use of Remote Points to connect the
vertex of the line body (bolt) to the mating part (area in contact with
washer/bolt head/nut).

* The vertex is also called a "Pilot Node" that is "Scoped" to geometry.

* The solver uses Multipoint Constraint ( ) equations to make these
connections.



What is a Remote Point (cont.)

* The cross section of the beam connection needs to be defined in order to mesh with the beam elements.
The beam element has 2 nodes (I and J) and 6 Degrees of Freedom (DOFs). The vertex representing the
cross section needs to be connected to the edge/area. How do we connect the vertex/point to an edge or
area? The answer is —

Remote Point (Pilot Node)
MPC Equations

Imprinted Area of Bolt Head

Beam Element

Beam Element \

* When the beam connection is created, the Remote Points at each end of the beam are
created automatically. The Remote Points are used to connect the beam to the scoped
geometry (imprinted area of the bolt head/washer/nut).

* The pilot node has 6 DOFs - 3 translations and 3 rotations.

* The nodes on the scoped geometry generally have 3 translational DOFs "tied" with the
motion of the pilot node.
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MPC Equations

* The solver uses multipoint constraint (MPC) equations to make the connections between
remote points and scoped geometry. MPC equations are complex equations that relate
various DOFs to each other. MPCs are extra equations that are added to the structural matrix
equation (equation of motion).

* How do the MPC equations work?

- If we have 3 unknowns ‘A’, ‘B’ and ‘C’ that will solve in the set of equations and if there is the additional
constraint of ‘A=B+C’ that must be satisfied. Because this is an extra constraint, we can’t impose this after
solving for “A”, “B”,and “C” separately with our original set of equations.

- We need to make ‘A’ a dependent variable and substitute A with B+C in the original equations.

- We can solve for B and C since they are independent variables first and then calculate A by using the
constraint equation A=B+C.

* MPCs have "independent"” and "dependent” DOFs. Dependent DOFs are removed from the
matrix equation by processing them in [K] first.

* The dependent DOFs are removed from the set of equations while the independent DOFs are
retained. We solve for the independent DOFs and then calculate the values of the dependent
DOFs by processing the MPCs.
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Remote Points — Behavior

* When modeling bolt as a beam connection, the stiffness of
the bolt head is not captured perfectly. However, modeling a
bolt as a beam connection is easier to model and
computationally more efficient than modeling a bolt as a
solid bodly.

* Remote Point Behavior can be Rigid or Deformable. The n
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Ease-of-Use

* Object Generator and Named Selections can be used to make copies of

the beam connection for more efficient preprocessing.
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* Drag and Drop Beam Connections under Solution branch to get Beam

Probe.

Outling weewsmmmsmmsm w I 0] X : Q Q E v @ Déa
([ project*

C-[Haaa@ st

Outline - w O X
~ Name ¥ | Search Outline |V o
(M Project®

= & Model (84)

P Geometry

{8 Materials

3k Coordinate Systems
B8 Connections

3] Contacts

/% Ciraular - Component2\SolidiTo

=, Mesh
. MultiZane
'@ Body Sizing
B % Named Selections
-~ Reference-side
[ Mobile-side
[ static Structural (85)

< >
Details of "Circular - ComponentZ\Scw 4 O X
[+ Graphics Properties |~
=) Definition |

faQ@w % C-[Haaa ) st FTREE

Drag

20.000 (mm) <.

000 i

o w2 Circular - Component2\Solid 1 To Component1iSelid 11

------- 2 Circular - Component2\solid1 To Component1'Selid11 2
------- 2 Circular - Component2\Solid 1 To Component1'Sclid11 3
------- 2 Circular - Component2'Solid 1 To Component1iSelid 11 4
------- 2 Circular - Component2\Golid 1 To Component1'Selid11 5
------- w2 Circular - Component2\Solid1 To Component1'Sclid11 6
------- 2 Circular - Component2\Golid 1 To Component1'salid11 7
------- 2 Circular - Component2\Golid L To Component1'Selid11 8

AMesh

% Named Selections
Static Structural (C4)

------- 11 Analysis Settings

------- »~® Fixed Support

------- 3 Force

------- .»™ Bolt Pretension

------- +wi Bolt Pretension 2

------- .»™ Bolt Pretension 3

------- .»m Bolt Pretension 4

------- v ﬁ Bolt Pretension 5

------- .+™ Bolt Pretension & Drop

------- /wi Bolt Pretension 7

------- o™ Bolt Pretension.2

Object
Select tree objects to use as a template, and select geometry
to be used as scoping.

Select the named selection to use as the Reference
side.

Reference: Reference-side v

Select the named selection to use as the Mobile side.

Mobile: Mobile-side v

Objects will be created for any pair of centroids on
opposite sides of the connection whose distance falls
between the specified lower and upper bounds.

Distance: Between centroids

Minimum: 0 mm

Maximum: 10 mm

Geometry can be scoped to individual entities or to
groups of adjacent entities.

Scope To: Adjacent Entities v

Ignore Original:
(For Geometry Based Scoping)

Name Prefix:
Apply Tag:

Generate

.

W Bolt Pretension

w Bolt Pretension 2
~m Bolt Pretension 3
wd Bolt Pretension 4
w Bolt Pretension 5
w Bolt Pretension 6
w] Bolt Pretension 7
o BOIt Pretension &
B4 {&) solution (C5)

------- 5] Selution Information
------- 00 Total Deformation
------- v 3 Equivalent Stress
------- ”, &3 Equivalent Stress 2
/{8 Contact Tool

------- & %% Bolt Pretension
------- & % Bolt Pretension 2

------- 4 % Bolt Pretension 3

------- ! % Bolt Pretension 3

Y \NnSsYS

©2020 ANSYS, Inc.




Manually Connecting Line Body

* If you inherit model/analysis from a colleague that already has line
bodies, manual connection is necessary.

* There are some restrictions for Beam Connections
- Doesn’t update with geometry if geometric changes are made.
- Bolt tool to review multiple bolt results at once is not supported.



reparing Geometry — Line Body

* |n SpaceClaim, the line body can be created by using the "Line" feature and "3D
Mode." The cross section of the beam can be defined using the "Profile" feature,
select the profile and "Create."
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Line Bodies for Bolts

* |In case of line bodies, only the bolt shank is
represented.

e Two ends of the shank are connected to holes on
mating parts.

<k
(11
L

 \ertex to Edge/Face connections are used.

* Two ways of defining these connections:

- Fixed joints
- MPC bonded contacts
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Connecting Line Body with Solid Model

* Prescribed settings for defining the MPC contact or the fixed joint for connecting bolt
to the holes when the bolt is modeled as a line body.
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Case Study

* This model represents part of the flange-seal assembly.
* Bolt represented by the beam connection is just a cylinder, there no bolt head or nut.

A Beam connection bolt
Satic Souctunl
Timei 23

K0 Frctoniers Support
Presuaei € NP
Force: 1500
BoltPretension 2 Lock

Flange
! = /
J Bolt
[ ]
Seal

* The stiffness of the bolted joint is different between line body (shank only) and solid body
(shank, bolt head, nut, etc.&

* Local results (stresses, deformations) near bolt hole may differ between these two

approaches, and if the user is interested in the stress/deformation near the bolt hole the
user should model the bolt with solid bodies and frictional contact.

* If the user is interested in bolt load history or overall assemblyfperformance (e.g., seals), the
Line Body or Beam Connection way of modeling the bolt is perfectly fine.
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Case Study (cont.)

0.93413 Min
08

e Case 1 - Boltis modeled as beam connection.

* Case 2 —Boltis modeled as solid body with bolt head and
nut.

! 100.00 (e
. . Case 1 ) Case 2 . 10000 )
e Results are comparable between line vs. solid body bolt ' = o
. .
DX | Tabular Data o i i Tabular Dt st s 0 B B
¥ _|mmes |[# Bott Pretension 2 Adjustment Reaction [mm] | [ Bott Pretension 2 Working Load) [N] Time [s) | [+ Bolt Pretension (Adjustment Reaction) (mm] | [ Bolt Pretension Waorking Load) [N]
11, 2.4566e-002 0. 11, 3.5178e-002 0.
2|11 2.4566e-002 4946.5 2]14 3.5178e-002 4953.3
312 2.4566e-002 4894.3 3 [ 3.5178e-002 4906.2
4135  2.4566e-002 4817, 4[1.35 3.5178e-002 4836.2
5(1.55  2.4566e-002 47153 5155  3.5178e.002 47446
6175 2.4566e-.002 4616.9 6175 3.5178e.002 4654.9
711875 2.4566e-002 4557.5 71875 3.5178e-002 4600.1
8|2 2.4566e-002 4500.1 3|2 3.5178e-002 4547.2
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