ATA Webinar:

ENGINEERING, INC. ~— Modeling Bolted Joints in Femap

Rachel Backes, ATA Engineering
March 31, 2021

13290 Evening Creek Drive S, Suite 250, San Diego CA 92128 ‘. (858) 480-2000 @ www.ata-e.com
m ata-engineering a @ATAENgineering



ATA Provides High-Value Engineering Services With
Expertise in Design, Analysis, and Test

ATA Engineering helps to overcome product design challenges across a range of industries
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ATA is a Value-Added Reseller for Siemens Digital
Industries Software

ATA offers training, free resources, and hotline support for a
variety of Siemens products.

> Siemens product lines we support include:
» Simcenter STAR-CCM+
» Simcenter Femap
» Simcenter Nastran (formerly NX Nastran)
» Simcenter 3D
> NX CAD & CAM
» Teamcenter
> Solid Edge
» Contact the hotline at 877-ATA-4CAE or
http://ata-pimsoftware.com/support

Femap, STAR-CCM+, and Simcenter 3D seiutlon
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Smart Expert
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> Developer of the official Simcenter Nastran training materials

SIEMENS

> Preferred North American provider of Simcenter Nastran training
» Recognized as Smart Expert Partner with validated expertise in
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Support

ATA's team of experts provide comprehensive technical support for all of the Siemens software
we sell. Fill in the form below and one of our technical team will be in touch shortly.

Alternatively you can call us at 877-282-4223. Hours of operation (8a.m. to 8p.m. Eastern)

Your Name*

Company*

Software Product*
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Simcenter Femap
version 2021.1

Maximi:

ng finite element analysis

SIEMENS
lngewuity for Ufe.

workfiow. A large amount of functional
ity added to 2021.1 focuses on faciitat
ing mesh creation and modification.
First, matching mesh sizes and deter-
mining mesh propagation between dis-
connected geometric entities can be

with enhanced meshing tools

edge curves to one another. To deter-
mine where these mesh propagation
options will be enforced, tools were cre-
ated in the new mesh control explorer

Benefits mmary pane to provide visual feedback for
. Simcenter™ Femap’ isa edge curves, which are fully paired. par-
ially paired or unpaired, along with
meshing tools (FEM) pre- is
engineering are pai havea

+ Improve quality of a hex mesh
using various tools in the meshing

The software is computer-aided design

surface mesh approach assigned. In

‘geometry from all major CAD platforms.

o display

addition,
toolbox can be used to update an exist
ing hex mesh. Another are o

Solvers via analyss ilteing

+ Use the familiar interface and
depth of functionality o Excel to

nation with 2 wide variety of FEA
solvers,including Simcenter Nastran®

MSC Nastran SOL 400. From 2 modeling
standpoint,items have been added to
specify property extensions, nanlinear

editor in real time or in bulk

Features

Xcelerator™ portiaio, the comprehen-
ive and integrated portfolo of soft-
‘ware and services from Siemens Digital
a Y being

pane o
assist in creating complex shell and
solid meshes

+ Customizable options for mesh
propagation in various sizing

+ Improved performance during
entity selection, especially when
atea or front picking

released on 2 biannual scheduie in the
spring and the fall, which began with

materials and contact options designed
400,

2 new analysi type may be selected
that offers user interface (U1) elements
10 define crtical and useful solver
parameters for SOL 400. Finally,
updates have afso been implemented
for Simcenter ind Ab:

ion 2019.1 ver.
sion 2021.1. The software is now

0 1o
eflect that it s 3 part of the Simcenter
portfolio of Siemens computer-aided
‘engineering (CAE) products. For the
same reason, NX Nastran software is

Improved entity selection
performance

Entity selection (picking) now uses
OpenMP technalogy 1o improve perf
mance, especiall for area picking (box,

Nastran SOL.
i

2 variety of

productivity across the simulation

circle,
picking. In addition, the area within the
standard entity selection dilog box

siemens.comisimcenter
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Fasteners — Stiffness Element

» Fasteners are almost always simplified in FE models. The decision tree below
provides general guidelines for modeling fasteners.

Do you need detailed stress results for the bolt itself

or can you do hand calculations? Lots of model variations? Lots of

Detailed Stress Hand Calc potential design changes? If so, go
with CBUSH
Create a detailed, solid Is the assembly sensitive
element breakout model to bolt preload?
of the joint
Represent bolts with beam Is the assembly sensitive
elements and include bolt preload to joint stiffness?
and faying surface contact Yes No
Do you prefer to calculate joint stiffness by Represent bolts with
equation or approximate it with a 2.5D beam? CBUSH elements that have
Beam Equation “stiff” spring constants

Modeling Complexity Decreases

Represent bolts with Represent bolts with CBUSH
‘ beam elements using 2.5D elements and estimate stiffnesses
I\ = [ i using hand calculations

i B g ] - times the diameter




Fasteners - Configuration

Typically, Joint Diameter, D, is the smallest value of:
« Twice the radial distance to the closest edge

« Distance between holes
+ Avoid overlapping spiders

« Diameter resulting from 30 deg cone through plate
thickness from bolt head diameter

Use D, or available material to determine size of spiders
at head, nut, and faying surface

Spiders only include surfaces along fastener shaft if
there are threads (inserts) or direct shear

Locate Beam nodes at center of part

Locate CBUSH nodes aft interface(zero length)

Coincident CBUSH connection




Fasteners — “Rigid” Spiders u

Warning!
» You have several options for connecting your This slide provides general suggestions only.
stiffness elements to your mesh There are MANY opinions on modeling
fasteners. If your company/customer/reviewer
» Good rule of thumb is to mix something overly has a preferred methodology, then use that as
soft with something overly stiff fo balance the the default for that project and vary as
sys’rem necessary for accurate modeling.

> “SOﬁ” Clﬂd “Sﬂff” jOiﬂTS are ﬂOT necessorily bOd Stiff Beams are the best choice for any thermal model

RBEs should be used only when necessary and with

> USE ENGINEERING JUDGEMENT!!! extreme caution

Beams CBUSH
1.0xD k_bolt

Beams 1.0xD | Beams CBUSH
w Preload & | 2.5xD k_joint
Contact

CBUSH
k_stiff

RBE3 Very Soft  Very Soft Je}it Kinda Soft | Kinda Soft

RBE2

Stiff Beams




Femap Demo

»Create bolt mesh connecting two brackets
» RBE2 spiders
» 2.5D Beam stiffness elements
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