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Basic Functionality of SolidWorks Motion

Goals of This Lesson

Introduce kinematics and dynamic analysis as a tool to complement 3D modeling using
SolidWorks. Upon successful completion, the students should be able to understand the
basic concepts of mechanism behavior and how SolidWorks Motion can help them
determine important design parameters like \elocities, Accelerations, Forces and
Moments etc. Students will be able to see the combined power of 3D modeling and
mechanism analysis in the design process.s

Introduce mechanism analysis using an active learning exercise. The active learning
exercise in this lesson is designed to break the ice by having the students go through few
steps to complete the exercise. With this concept in mind, the steps are performed with
minimal description.

Show the students a proper way of correctly simulating their mechanisms using
SolidWorks Motion.
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Outline

Qln Class Discussion
QActive Learning Exercise — Motion analysis of a 4 bar mechanism
» Opening the 4Bar . SLDASM document
+ Checking the SolidWorks Motion menu
+ Model Description
« Switching to SolidWorks Motion manager
+ Fixed and Moving Components
+ SolidWorks Assembly Mates driving the motion
« Specifying the Input Motion
+ Running the Simulation
+ Looking at the results

« Creating a Trace Path
a5 Minute Assessment
Qln Class Discussion — Calculating the torque required to generate the motion
QMore to Explore — Modifying the Geometry
QExercises and Projects — Studying
QLesson Summary
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Basic Functionality of SolidWorks Motion

In Class Discussion

Ask the students to identify mechanisms around them and how they behave. Ask them
how Motion simulation software can be beneficial for an engineer. They can explain with
respect to the 4Bar linkage.

Answer

Motion simulation software can be used to study the displacement, velocity, acceleration
acting on the moving components. For example by simulating a 4Bar 1inkage the
student can study these parameters on each link.

In addition Motion simulation software also gives the reaction forces/moments acting on
each mate. This information can be used by an engineer to get an idea on how much torque
is required to drive the 4Bar mechanism.

The reaction and the body forces acting on each component can be exported to
SolidWorks Simulation stress analysis to study their effects (deformation and stress) on
the component.

Motion simulation software can help design springs, dampers and cams needed for the
functioning of your mechanism. It can also aid in sizing of motors and actuators needed to
drive the motion of mechanisms.

More to explore

Regarding the structural analysis, ask the students how the forces acting on a particular
object (whose stress is analyzed within SolidWorks Simulation) were determined. Are
these forces always known or estimated from known formulas?

Answer

In some problems involving mechanisms these loads are either known or can be neglected.
For example in a 4 bar linkage mechanism if the angular velocity of rotation is small then
the body forces acting on the links are small and can be neglected. But for mechanism
operating at high speeds like the cylinder and piston of an engine, the forces can be large
and cannot be neglected. To determine these forces one can use SolidWorks Motion
simulation and then export these forces to a SolidWorks Simulation stress analysis to
study the structural integrity of the components.
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Active Learning Exercise — Motion analysis of a 4 bar mechanism

Use SolidWorks Motion Simulation to perform motion analysis on the 4Bar . SLDASM
assembly shown below. The green link is given an angular displacement of 45 degrees in 1
sec in the clockwise direction and it is required to determine the angular velocity and
acceleration of the other links as a function of time. Also we will calculate the torque
needed to induce this motion as an in class discussion topic.

The step by step instructions are given below.

Opening the 4Bar.SLDASM document

1 Click File, Open. In the Open dialog box, browse to the 4Bar . SLDASM assembly
located in the corresponding subfolder of the Sol idWorks
Curriculum_and_Courseware_ 2011 folder and click Open (or double-click

the part).
Checking the SolidWorks Motion Add-In
Mate sure that SolidWorks Motion Add-In is activated.
To do so:

1 Click Tools, Add-Ins. The Add-Ins dialog box appears.
2 Make sure that the check boxes next to SolidWorks Motion are checked.

3 Click OK.
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Model Description

This model represents a typical 4 bar linkage mechanism. The Base part is fixed and
cannot move. It always stays horizontal and in real life is fixed to the ground. The other
three links are connected to each other and to the base with pins. The links are allowed to
hinge about the pins in the same plane and any out of plane motion is prevented. When
you model this mechanism in SolidWorks we create mates to put the parts in place.
SolidWorks Motion automatically translates these mates into the internal joints. Each mate
has several degrees of freedom associated with it. For example a concentric mate has only
two degrees of freedom (translation and rotation about its axis). For more details on mates
and the degrees of freedom they have please refer to the online help on SolidWorks
Motion Simulation.
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Switching to SolidWorks Motion Manager
Switch to SolidWorks Motion by clicking the Animationl tab in the bottom left hand

corner.
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Automatic Creation of internal joints from SolidWorks Assembly Mates

The motion of the mechanism is fully defined by . = |
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Specifying the Input Motion

Next we will define a motion to one of the links. In this example we would like to rotate
L1nk2 by 45 degrees clockwise about the Base. To do this we will impose a rotary
motion to L 1nk2 at the location of the concentric mate simulating the pin connection with
the Base. The angular displacement needs to be achieved in 1 sec and we will use a step
function to ensure that Link2 rotates smoothly from 0 to 45 degrees.

Click on the Motor icon gj to open the Motor dialog.

Under Motor Type select Rotary
Motor.

Under Component/Direction,
select the cylindrical face of
Link2 pinned to the Base (see
the figure) for both the Motor
Direction and Motor Location P Path Mate Motor
fields. The motor will be located
at the center of the selected
cylindrical face.

== | Linear Motor (Actuator)

Component/Direction
T | Face<1>@Link2-1

— 3

A |Face<1>@.ink2—1

Under Motion select Expression

to open the Function Builder ® I| |
window. — =
Expression -
More Options A
=
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Note: The last field under Component/Direction property dialog, Component to
more relative to, is used to specify reference component for the relative
motion input. Since we wish to move Link2 with respect to the fixed Base,

this field will be left blank.

The last property dialog, More Options, enables user to specify

More Options A
the Load- bearing faces/Edges for the transfer of the motion
loads in the SolidWorks Simulation stress analysis software. =
In the Function Builder window, select Displacement (deg)
for Value (y) and enter STEP(TIME,0,0D,1,45D) in the Expression Defnition field.
Note: You can also double-click STEP(x,h0,x1,h1) from the list of the available
functions on the right hand side of the Function Builder window.
rFunction Builder &11
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The graphs on the bottom of the Function Builder window will show the variations of the

displacements, velocities, accelerations and jerk

Click OK twice to close the Function Builder window and the Motor PropertyManager.
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Motion analysis type

SolidWorks offers three types of the assembly motion simulation:

1 Animation is simple motion simulation ignoring the components’ inertial properties,
contacts, forces and similar. Its use is suited for the verification of the correct mates or
basic animations, for example.

2 Basic Motion offers some level of realism by accounting for the inertial properties of
the components for example. It does not, however, recognize externally applied forces.

3 Motion Analysis is the most sophisticated motion analysis tool reflecting all required
analysis features such as inertial properties, external forces, contacts, mate friction etc.

Under Type of Study on the left hand ‘ n |
side of the SolidWorksMotionManager,  (uoton analyss ~ | g8 I &> & L)

select Motion Analysis. Animation (7% % T B 0 sec |
Basic Motion prrnbee
Motion Analysis  §= The mast realistic simulation, taking

B into account all available types of
e A Coinciden

: motion objects and providing
@ Concentri accurate, numerical results.

P N .

Simulation time

The duration of the motion simulation is driven by the topmost time line in the
SolidWorksMotionManager. Because SolidWorks Motion sets the default analysis
duration to 5 seconds this parameter needs to be modified.

Move the end time key [Motion 2rcvss. <)) g 5> B> W 1) - =
of the topmost timeline % %% & 0 sec 2 sec 4500
from 9 secondtoal . o yEEE
second location. ..(® Orientation and Camera Viev

+|£| Lights, Cameras and Scene
.4} RotaryMotorl
%y (f) Base<l> (Default<<Defar

m

Note: The zoom keys @, # = allow you to zoom in and out on the time line.

Right-clicking on the timeline key allows you to manually input the desired
simulation time.

Running the Simulation
In the SolidWorksMotionManager click the Calculate icon .

Note the motion simulation during the calculation.
Looking at the Results

Absolute results in the global coordinate system
First let us plot the angluar velocity and acceleration for Link1.

Click the Results and Plots icon “E to open the Results dialog.
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Under Results select Displacement/Velocity/
Acceleration, Angular Velocity and Z
Component.

Still under Results select Link1.

The Component to define XYZ directions
(optional) field is used to reference our plot
results with respect to a local coordinate system of
another moving component. To plot the results in
the default coordinate system shown in the figure,
leave this field empty.

Click OK to show the plot.

Basic Functionality of SolidWorks Motion

K
Result ]

[Displar_ementf\n'elodtymcc v]

[Angular Velocity v]

[Z Componernt v]

() Foce< et |

B | |

Plot Results A

(@) Create a new plot

Add to existing plot:

Plot result versus:

Tirme -

The plot shows the variation of the Plotl

angular velocity of the center of mass

for Link1 as function of time.

Angular Welocity! (deg/sec)

i i i i i i
0.20 0.30 0.40 0.50 0.60 0.70
Time (sec)

1.00

Repeate the above procedure to plot |70z

the Z Component of the Angular

Acceleration for the center of mass
of Link1.

In the global coordinate system, the
results indicate the maximum angular
velocity and angular acceleration of 6
deg/sec and 38 deg/sec”2,
respectively.

Angular Acceleration? (deg/sec™2)
]

-38

T
000 010

i i
0.20 0.30 0.40 0.50 0.60 0.70
Time (sec)

1.00

Similarly, create the plots of the Z Component of angular velocity and angular

acceleration at the center of mass for Link2 and L

SolidWorks Motion Instructor Guide
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Storing and editting result plots

The generated result plot featuers are stored in the newly
created Resul ts folder on the bottom of the

SolidWorksMotionManager.

Right-clicking on any plot feature allows you to hide and
show the plot, as well as edit its settings.

More on the Results

Relative results in global coordinate system

Basic Functionality of SolidWorks Motion

Mation Analysis W B B J
v [ B Wy G

-~ + % (F) Base <1z
+- T8 (-ilinkz<1>
+- T8 (-ILinki<1>
+- T8 (-ILink3<l>
+-[I[jl Mates (5 Redundancies)
= El Results
= HEX Flat1 <Angular Yelacik,
X Time
N Angular Velocity 1
+ HQ Platz <Angular Acceleration

b

Let us plot the Z Component of the relative angular acceleration of Link1 with respect

to Link3.

Expand the Results folder. Make
sure that Plot2 is shown. Right-
click on Plot2 and select Edit
Feature.

Select Link3 as the second
component in the Select one or two
part faces or one mate/simulation
element to create results field.

Click OK to show the plot.

The plot shows the acceleration
magnitude of LinkZ1 (its center of
mass) with respect to Link3 (part’s
coordinate system). The maximum
relative acceleration is 139 deg/sec"2
in the negative rotational Z direction.

Note also that the variation of the
acceleration chagned significantly
when compared to the absolute
acceleration result for Link1 alone
above.

« R

Result

Displacement/Velocity/Acc +
Angular Acceleration -
Z Component -

Face<1>@link1-1 :
@' Face<2>@Link3-1 ‘/

Plot Results A

b3

@ Create a new plot

_) Add to existing plot:

Plot result versus:

Time hd

Plot2 =]

108

18 4.

78 4

Angular Acceleration? (deg/sec™2)

-138

i i i i i i i i i
0.00 010 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.50 1.00
Time (sec)

Note: The positive rotational direction can be determined using the right hand rule.
Point the thumb of the right hand into the direction of the axis (in our case it
would be the Z axis). Your fingers will then show the positive direction for the

Z component of the rotation.
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Relative results in local coordinate system

Let us transform the Z component of the absolute acceleration of Link1 into the local
coordinate system of L ink2.

Edit the above plot, Plot2, [ Resuts 77

delete Link3 from the Select R 0
one or two part faces or one Result A
mate/simulation element to
create results field.
_ ) Z Component -
Then select Link2 in the o) ﬁ
Component to define XYZ o
directions field. %
. Plot Results R
Click OK to show the plot. P — :
_) Add to existing plot:
Plot result versus:

Note: The triad on the Link2 component indicates the output local coordinate
system. Contrary to the global coordinate system which is fixed, local
coordinate systems may rotate. In our case, the selected local coordinate
system will rotate because L ink2 component rotates as the mechanism
moves.

The maximum Z component of Plot2 &
absolute acceleration of Link1 in the
local coordinate system of Link2 is
38 deg/sec”2 in the negative Z
rotational direction.

Comparing this absolute result in the
local corodinate system to the
absolute acceleration in the global
coordinate system, we conclude that
they are identical. This is because Z a8 SR U S S S U S S
aXGS |n both SyStemS are allgned 0.00 010 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.50 1.00

Time (sec)

Angular Acceleration3 (deg/sec™2)

Repeate the above for various selection of components and local coordinate systems.

Create a Trace Path

SolidWorks Motion allows you to graphically display the path that any point on any
moving part follows. This is called a trace path. You can create trace path with reference to
any fixed part or with reference to any moving component in the assembly. We will create
a trace path for a point located on Link1 component.

To create a trace path right click on the Results and Plots icon.
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In the Results dialog select Displacement/
Velocity/Acceleration and Trace Path.

In the first selection field select the circular
edge on Link1 to identify the center point
of the circle. The sphere graphically shows
the center of the circle.

Check the Show vector in graphics
window check box.

The path will then show on the screen as
black curve.

Basic Functionality of SolidWorks Motion

Results

« %

Result A

| Displacement/Velocity/A |

[Trace Path v]

@ Edge<1>@Link1-1

B | |

Output Options A

Show vector in the graphics

window

Note: The resulting trace path is by default shown with respect to the fixed ground.

To show the trace path with respect to another moving component, one would
have to select this reference component as a second item in the same selection

field.

Click OK to close the Results dialog.

Zoom out to see the entire model and Play the simulation.

This completes your first SolidWorks Motion simulation.
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5 Minute Assessment — Answer Key

1. How do you start a SolidWorks Motion session?

Answer: On the Windows task bar, click Start, Programs, SolidWorks, SolidWorks
Application. The SolidWorks application starts. Click the SolidWorks Motion Manager
tab (by default named Animationl) on the bottom of the SolidWorks document
window.

2. How do you activate SolidWorks Motion Add-In?
Answer: Click Tools, Add-Ins, check SolidWorks Motion to select it, and click OK.
3. What types of motion simulations are available in SolidWorks?

Answer: SolidWorks features three types of the motions simulations: Animation, Basic
Motion, Motion Analysis.

4. What is analysis?
Answer: Analysis is a process to simulate how your design performs in the field.
5. Why analysis is important?

Answer: Analysis can help you design better, safer, and cheaper products. It saves you
time and money by reducing traditional, expensive design cycles.

6. What does SolidWorks Motion analysis calculate?

Answer: Motion analysis calculates displacements, velocities, accelerations and reaction
forces on your model when it moves.

7. Does SolidWorks Motion assume the parts to be rigid or flexible?

Answer: SolidWorks Motion does only rigid body analysis and hence assumes all parts to
be perfectly rigid.

8. Why is motion analysis important?

Answer: Motion analysis can tell you how safe and economical your design is under its
operating conditions.

9. What are the main steps in performing motion analysis?

Answer: The main steps are: creating the mechanism in SolidWorks (creating the mates),
applying motion to the driving part, running the simulation and visualizing the results.

10. What is a trace path?
Answer: A trace path is a path or trajectory that any point on a moving part follows.
11. Are SolidWorks mates used in SolidWorks Motion model?

Answer: Yes. SolidWorks mates are used to automaticaly created internal joints in
SolidWorks Motion. Mates therefore define the motion of the simulated mechanism.
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In Class Discussion — Calculating the Torque needed to drive the 4 bar mechanism

Ask the student how the angular motion was given to the driving link of the 4Bar
mechanism. Often times such mechanisms are driven by motors. One important parameter
in sizing the motor is the torque generated by the motor, which is one of the standard
output quantities in SolidWorks Motion. Finding this torque will help us choose the right
motor for the application.

How is the torque calculated from SolidWorks Motion?
Answer

Click on the Results and Plots icon to open the Results dialog.

Specify Forces, Motor Torque, Magnitude and select the [ Results 77|

RotaryMotor1l feature driving the mechanism (in this
example we gave the Link2 an angular velocity of 45 degrees in

1 sec). Result A
Forces 5
[Motor Torque hd J
[Magnitude vJ

i RotaryMotorl |

Click OK to generate the plot. B | |
Plot3 =)
110
E
E 834
=
(=]
=
@
=
= g5
=3
o
5
'_
2 28 4
(=]
=
0 j j j j j j j j j
0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.80 1.00
Time (z&c)

The required torque is about 110 N-mm
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More to Explore — Modifying the Geometry

Ask the students to modify the geometry of L ink3 so that the 4Bar mechanism looks
like the one shown in the image below. Now ask them to use SolidWorks Motion to
calculate the new torque required to drive this mechanism. Use the same uniform angular
velocity input of 45 deg/sec. Will the new driving torque be higher or lower? Why?

Answer

1

a A W N

Click the Model tab on the bottom of the SolidWorks
document window.

F -l [ Model | Animation1 |

SolidWeorks Premium 2011 w64 Edition

Open the part Link3.
Unsuppress the feature Extrude5 from the SolidWorks feature tree.
Save the part Link3 and close the part.

When you come to the assembly 4Bar you will see the new and updated assembly.
(Note that when prompted to update your assembly, select Yes)

Now go to SolidWorks Motion (in our case click the Animationl tab on the bottom
of the SolidWorks document folder). Notice that all the mates are retained. Also make
sure that the L ink2 angular motion is the same.

Click the Calculate icon.
Plot the torque and determine the new required magnitude.

The required driving torque is now higher because L 1nk3 is heavier; it takes more
torque to drive the mechanism.
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Exercises and Projects — Slider Crank Mechanism

Tasks

Now you will see how to use SolidWorks Motion to simulate a slider crank mechanism.
The goal is to calculate the velocity and acceleration of the center of mass of the
reciprocating part.

1 Open the SliderCrank.sldasm located in the corresponding subfolder of the

SolidWorks Curriculum_and Courseware_ 2011 folder and click Open
(or double-click the part).

This model represents a slider crank mechanism where a rotary motion of the crank is
transformed into reciprocating translational motion of the slider. The crank is rotated
with a uniform velocity of 360 degrees per second.

Review the fixed and moving parts in the assembly.

Answer: Parts fixed in SolidWorks are also treated as fixed in SolidWorks Motion. In
our case the Ground and BasePar t are fixed, the remaining components are
moving.

Prescribe uniform 360 deg/sec rotational velocity to the Crank. Make sure that the
motion is specified at the BasePart/Crank pin location. (You can enter 360 deg/sec
directly into the Motor speed field. SolidWorks Motion then converts the value to
RPM).

Answer: Do the following.
+ Right-click on the Motor icon to open the Motor dialog.
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+ Under Motor Type select Rotary Motor. < Motor

« Under Component/Direction select the @ R
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4 Run the simulation.

Answer: In SolidWorks MotionManager, click the Calculate icon. Make sure that the
Type of Study field is set to Motion Analysis.

5 Determine the velocity and acceleration of the MovingPart.
Answer: Do the following:
+ Click the Results and Plots icon to open the Results dialog.

+ Select Displacement/Velocity/
Acceleration, Linear Velocity and X
Component.

+ Select any face on the MovingPart.
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+ Click OK to generate the plot.
Similarly generate plot for the X component of the acceleration.
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Lesson 1 Vocabulary Worksheet — Answer Key

Name Class: Date:

Directions: Fill in the blanks with the proper words.

1. The sequence of creating a model in SolidWorks, manufacturing a prototype, and
testing it: traditional design cycle

2. The method used by SolidWorks Motion to perform motion analysis: Rigid Body
Kinematics and Dynamics

3. The entity that connects two parts and also governs the relative motion between the two
parts: mates

4. How many degrees of freedom does a free body have? : A free body has 6 degrees of
freedom (3 translations, 3 rotations)

5. How many degrees of freedom does a concentric mate have? : A concentric mate has 2
degree of freedom (rotation about its axis, translation along its axis)

6. How many degrees of freedom does a fixed part have? : Zero. A fixed part cannot
translate or rotate in any direction

7. A path or trajectory that any point on a moving part follows: Trace path

8. The trace path of a reciprocating cylinder with respect to the ground represents a:
Straight line

9. The types of Motion that can be given to a concentric mate: Angular and
Translational Displacements, Velocities and Accelerations)

10. In SolidWorks Motion the movement of gears can be simulated using: Gear mates

11. A mechanism that is used to transform rotary motion to reciprocating motion: Rack
and Pinion mate

12. The ratio of the output torque exerted by the driven link to the necessary input torque
required at the driver: Mechanical Advantage

SolidWorks Motion Instructor Guide 2-24



Basic Functionality of SolidWorks Motion

Lesson 1 Quiz — Answer Key

Name: Class: Date:

Directions: Answer each question by writing the correct answer or answers in the space
provided.

1.

How do switch between the SolidWorks Motion Manager and SolidWorks Feature

Manager?

5.

Answer: Click the Model or Asnimationl tab in the
lower left hand corner of the SolidWorks document
folder.

P TP Mode] | Animation1  [|
SolidWorks Premium 2011 x04 Edition

. What types of motion analyses can you perform in SolidWorks Motion?

Answer: Rigid body kinematics and dynamic analysis

. How does SolidWorks Motion automatically create internal joints?

Answer: SolidWorks Motion internal joints are automatically created from SolidWorks
mates.

. How do you assign motion to a part?

Answer: Right click on the Motor icon to open the Motor dialog. In the dialog box you
can assign displacement, velocity and acceleration to the selected part.

If I want to assign a rotary motion to a part smoothly with a given time then how should

I assign the motion?

Answer: The motion is assigned as a step function over the given time.

. How many degrees of freedom does a point-to-point coincident mate have?

Answer: A point-to-point coincident mate has 3 degrees of freedom (rotation about X,
Y and Z axes)

. What is a trace path?

Answer: A path or trajectory that any point on the moving part follows.

. Name one application of trace path?

Answer: Trace paths can be used to generate a CAM profile.
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Lesson Summary

QSolidWorks Motion is design analysis software (kinematics and dynamic) fully integrated in
SolidWorks.

QDesign analysis can help you design better, safer, and cheaper products.
A SolidWorks Motion assumes all the components to be rigid bodies.
aSolidWorks Motion automatically creates internal joints from SolidWorks mates.

QSolidWorks Motion can create trace path on any point in a moving body with respect to any
other body in the assembly.

QThe steps to perform analysis in SolidWorks Motion are:

Create the SolidWorks assembly

Fix the grounded part in the SolidWorks assembly.
Joints are automatically created from mates.
Apply motion to the parts.

Run the simulation.

Analyze the results.
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