Course Audit

J af your desk, at your pace

Advanced les

Kishore Boyalakuntla

Manager, CGSMOS Product Management

SolidWorks Corp.
Concord, Mass.

Now hear this

In this installment:
* FEA plus simulation
* Information exports
¢ Load analysis

A complex CD drive mechanism is easily ana-
lyzed by motion simulation.

hen computer-aided en-

gineering (CAE) meth-

ods became available for
design work in the 1980s, finite ele-
ment analysis (FEA) was the first to
be widely adopted. Over the years,
it’s helped design engineers study
the structural performance of new
products, and replace costly pro-
totype iterations with inexpensive
computer simulations run on CAD
models.

But now, mechanical products
are increasingly complex and com-
petition to bring designs quickly
to market is more intense than
ever. For these reasons, many en-
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gineers are using structural per-
formance modeling with FEA as
well as kinematics and dynamics
simulation before building physi-
cal prototypes.

Tool for every job

Motion simulation and FEA can
also work together in mechanism
simulation. To understand how, it
helps to understand the fundamen-
tal assumptions on which each tool
is based.

As we reviewed in the first in-
stallment of this series (see the March
2008 MSD issue online) FEA is a
numerical technique for structural
analysis; it analyzes the behavior of
firmly supported elastic (in other
words, deformable) objects.

Subtle difference

The swing arm at left

can move without

deformatlor]; thus- it is % .
a mechanism. Right, s
the swing arm in the \4

device is restrained by _
a spring, so any move- !
ment must be accom-
panied by deformation
of the spring; thus it is

a structure.
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For example, applying static load
to a fixed bracket induces a new, de-
formed shape, which then remains
motionless. Application of dynamic
load causes the bracket to vibrate
about the position of equilibrium.
FEA can study displacements,
strains, stresses, and vibration of the
bracket in both situations.

Using imported data

. The right robots

This industrial robot created by FANUC Robotics
America Inc., Rochester Hills, Mich. FANUC is one

/' of several different sizes. Customers select the right

size for their specific application by analyzing robot
performance along specified tool paths. Simulation
with COSMOSMotion makes that easier.

In contrast, a partially supported
object, such as a lywheel hinged on
the bracket, can rotate without hav-
ing to deform. It can also move as a
rigid body, which classifies the de-
vice as a mechanism rather than as
a structure. So, to study its motion,
we use motion simulation.

But sometimes the difference

Cutting down iterations
This lifting platform is
designed by Syncroness,
Westminster, Colo. with
SolidWorks, COSMOSMo-
tion, and COSMOSWorks.
The product development
bureau (which works closely
with customers to develop
products from exercise
equipment to laser systems)
optimized the four-bar link-
age for the scissors lift in
the software as well. The
engineering team conducted
the motion simulation with
little training, and Syncron-
ess credits simulation for
quick design iterations and
a great visualization tool for
customers.

between a structure and mecha-
nism isn’t obvious. Consider a
swing arm mounted to an immov-
able base by a hinge, with a spring
also connecting the arm end and
base. The only possible continu-
ous arm motion is vibration about
the position of equilibrium, and
any arm movement deforms the

Data from test or analytical calculations can be used to define mechanism motion. Here, motion of the control
arm is recorded as a function of time as a car drives over a curb. The test data are used to move the suspension
assembly model in motion simulation.
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spring, so the device is a structure.
In contrast, the same device with-
outa spring is a mechanism, because
the swing arm can rotate freely.
Whether it spins about the hinge or
oscillates about a position of equi-
librium, no part of the device has to
deform during the arm movement.
For the version with the spring,
FEA can analyze arm vibration, and
even calculate strains and stresses in
spring and other components treat-
ed as elastic bodies. For the version
without the spring, motion simula-

Healthy design

tion returns joint reactions and in-
ertial forces that act upon each link
of the mechanism. But how can the
two tools be used together?

Motion simulation results sup-
ply input data — required for ac-
curate FEA structural analysis. It’s
actually quite easy, because motion

simulation always calculates these
factors, whether or not it’s followed
by FEA. Joint reactions and inertial
forces are, by definition, in balance,
and mechanism components sub-
jected to a balanced set of loads can
be submitted to FEA and treated by
the analysis program as structures.

Simulation optimizes steps and
trajectories, and calculates user-
generated power on an exercise
machine.

Impossible by hand

Even a simple 3D mechanism is
difficult to analyze by hand, but
presents no problem for motion
simulation.
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VFD-Induced Shaft Current
Kills Motor Bearings!

F 4 5 - I g
BEARING PROTECTION RING

Guaranteed to Protect
Bearings for Life!

For motors up to 100 HP/
75 kw, AEGIS SGR's patented
technology is guaranteed
to protect bearings against
electrical fluting damage for
the life of your motor.

The AEGIS Bearing Protection
Ring™extends mator life and
increases system reliability.

To download a free technical
paper on bearing protection
technologies, visit our website:
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Connecting rod example
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® Motion simulation finds reactions on both ends of the
connecting rod: the large diameter end, which is the crank
throw end, is attached to the crank shaft, and the small
diameter end or wrist pin end, is attached to the piston by
a wrist pin. Simulation also finds inertial forces acting on
the connecting rod. These inertial forces are not negligible
in fast-moving mechanisms. Plotted are reactions during
one full turn.

A\ Maximum reactior
‘- magnitudes occur Lf

=

inertial force

at this position.

® Forces — reactions on both ends and inertial forces
— acting on the connecting rod may be determined for any
number of crankshaft mechanism positions.

® According to the dAlembert principle, joint reactions
are in balance with inertial forces. The connecting rod is
thus in equilibrium as if it were a structure.

O The connecting rod is presented to FEA as a struc-
ture so that stresses can be calculated.

Engineers can transfer that data
from motion simulation to FEA
manually, but the best results are
generated if the motion simulation
software can export results to FEA
automatically.

When used this way, motion sim-
ulation and FEA perform coupled
simulation: This defines FEA loads
automatically, and eliminates the
guesswork and possible errors com-

Virtual verification

mon of manual setup.

To combine motion simulation
and FEA:

I. Use motion simulation to
find displacements, velocities, ac-
celerations, joint reactions, and
inertial forces acting on all com-
ponents within the range of mo-
tion selected for study. In this
step, all the mechanism links are
treated as rigid bodies.

2. Find the mechanism position
that corresponds to the highest
reaction loads on the joints of the
connecting rod. Analysts most often
look for the highest reactions be-
cause the analysis under the maxi-
mum loads shows the maximum
stresses experienced by the con-
necting rod.

3. Transfer those reaction loads,
along with the inerual load from

Tool path

Simulated movement of an industrial robot through several positions makes it possible to create a tool path

without physical tests.
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Impact analysis
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Integrated software

Both motion
simulatdon and FEA
use CAD assembly
models for analy-
sis. A common, in-
tegrated  software
environment for all
three tools facilitates
the data exchange
among CAD, motion
simulation, and FEA.

Impact and contact can be simulated, for ex-
ample, to study a gap that may form between
a cam and follower (rocker) in a valve lifting

mechanism.

the CAD assembly to the connect-
ing rod CAD model.

4. The loads that act on the con-
necting rod isolated from the as-
sembly consist of joint reactions
and inertial forces. According to the
d’Alembert principle, these loads
are in balance, making it possible to
treat the connecting rod as a struc-
ture under a static load.

5. A connecting rod subjected to
a balanced set of static loads is as-
signed elastic material properties
and submitted to FEA for structural
static analysis. FEA performs struc-
tural analysis to find deformations,
strains, and stresses.

Motion simulation and test

Motion simulation can import
time history data from a test, so
existing mechanism motion can be
easily reproduced and fully analyzed
using inexpensive computer models
rather than time-consuming and ex-
pensive tests. Similarly, mechanisms
can be analyzed under input defined
by an analytical function.

For example, in the case of a car
suspension, motion simulation an-
swers typical questions: How soon
after a wheel hits a curb will sus-
pension oscillation die out? What is
the required damping in the strut?
What stresses are induced in the
control arms and its bushings?
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Why?

Integration elimi-
nates the need for
cumbersome  data
transfer via neutral
file formats, typical to standalone
applications. In addition, the use
of motion simulation integrated
with CAD (and not interfaced
with it) greatly reduces the ef-
fort required to set up motion

simulation models.

Another timesaving aspect is that
material properties and CAD as-
sembly mates can be reused when
creating a motion simulation mod-
el. Motion trajectories, which are
results of motion simulation, can
be turned back into CAD geometry.
This, however, is only possible in an
integrated software environment.
Additionally, integration with CAD
eliminates the need to maintain
a database for motion simulation
models by storing simulation model
data and results together with CAD
assembly models. Finally, any CAD
changes are fully associative with
simulation and FEA models.

We hoped you enjoyed this series. For
move information, visit solidworks.com.
1o access the furst part of this series,
visit motionsystemdesign.com.

Manage your motion,
control your results.

When everything matters...
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