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Getting Started

This tutorial is for you to understand the basics of SolidWorks Motion Analysis and use it to

simulate and get the results for problems.

SolidWorks Motion Analysis allows you to study two major types of problems relating to the

motion of solid bodies.

1. Kinematics: Study of the motion of a rigid body without considering the forces that

result in the motion of the body.

2. Dynamics: Study of the motion of a rigid body as a result of the applied external forces

on the body.
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SolidWorks Motion Analysis allows you to
answer the following questions:

1. Will the assembled components of your
design move as you intended?

2. Will the assembled components of your
design collide when it’s in motion?

4. What are the magnitudes of the forces
between two parts in contact with one
another?

5. What is the path of the solid body?

6. What is the velocity, acceleration, angle, or
reaction force at an instant?

In order to do motion analysis you need to
add motion analysis plugin to your assembly
file.

Tools = Add-Ins = Select SolidWorks Motion.

Note: Most of the details in this page are extracted from ‘SolidWorks Motion,” 21 July 2011, by
Professor Erik Spjut, Engineering Clinic Director, HMC.

http://www.hmc.edu/files/engineering/clinic/Solidworks motion final.pdf
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Introduction to Motion Analysis

Motion Analysis can be found only in assembly files. It has several features related to the
motion of an assembly file. Figure below shows a screen shot of a simple pin connection

assembly file.
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Features of Motion Study

e Motion Study Tab — This tab allows us to analyze the motion study of the assembly file.

e Motion Manager Tree — This contains all the parts, sub-assemblies, mates, and the
simulation elements.

e Calculate — This button allows calculating the motions of the assembly and helps to
update after changes made.

e Play — This button allows us to play the animation to see how it works after calculating
the motion.

e Playback Speed — This helps to reduce or increase the speed of the animation.

e Save Animation — This button helps to save the animation as a video.
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e Motor — This allows simulating a motor or giving a torque to the animation such as at
pin connections.

e Spring — This allows simulating a spring in motion where you can edit the spring
constant and length.

e Force —This allows simulating forces on any part of an object.

e Contact — This allows stopping the interference between solid objects and adjusting the
friction between objects when it is in motion.

e Gravity — This allows simulating the effect of gravity on solid objects.

e Results & Plots — This allows getting the results and plots for displacement, velocity,
force, angles, etc.

e Zoom Time Scale — This allows zooming in/out the timeline.

e Key Point — This point decides where the motion has to be stopped.

e Time line — This shows the moving time frame.

Introduction to Mates

Mates are crucial for motion analysis. There are some typical mates such as coincident,
concentric, parallel, tangent, and so on that we use to assemble and put the parts together.
This section should be a review of material covered in ME-110.

The following screen shots of an assembly file shows some of the typical mates.

1. Before mates are applied to the assembly
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2. Select the cylindrical face of the bar and pin holder and it will mate it to concentric by
default.
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3. Select the face of the rod and the inner face of the pin holder (Right click on the surface
of the pin holder and then click select other to select the inner face) and it will mate it to

coincident by default.
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4. Select the cylindrical face of the pin and pin holder and it will mate it to concentric by
default.

5. Select the circular face of the pin and the face the pin holder as shown in the figure
which will select the coincident mate by default.

The above example gives a demonstration of basic assembly and mates. You can download the
part and assembly files from the website under class materials. Create a new assembly file and
practice to understand it well.
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Lesson 1

This lesson will help you to get familiar with forces acting on a body. You can download the part
and assembly files from the website under class materials.

¢ Open the assembly file.

e Click the mate option in assembly features = Select the top surface of the floor and the
bottom surface of the cube which will go for the mate coincident by default = Click the
check mark to add another mate.

BN L [ENE 9)v)

SolidWorks Motion Study by: Mohamed Hakeem Mohamed Nizar Page 6



e Dealing with friction and mates

Note: The typical way to attach an object to the floor or to another object is by adding a
coincident mate in between those two faces so they will be touching together at the
selected surfaces. This would change if we need to add friction into our motion analysis.

When you need to add friction, first replace the coincident mate with a parallel mate
without changing anything else. Then add friction via Solid Body Contact.

e Click the side edge of the cube and the edge of the floor as shown below = It would
select the concentric mate by default, but go and select the distance mate as shown and
specify a distance between those two line. This mate causes the box move along a
straight path.
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e To change the mass properties go to tools = Mass properties. You can change the mass
(make it 5 kg) and the location of center of mass.

e Gravity needs to be added in order to simulate the effect of weight. Choose the
direction of gravity as you want it to be.

SolidWorks Motion Study by: Mohamed Hakeem Mohamed Nizar Page 7



[@ " ‘”gl[el Q Assemn (Default<Display St...

i Gravity

o~ A A

| | 9.81m/s"2 =

N——

e Add force to the object. You can choose the face where the force is acting and then can
change the direction as shown below. Then you can change the magnitude of the force
(make it 10 N).
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e Calculate the motion.
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e Now you can play it and see how it behaves when a force is applied. You can drag the
key point until when it reaches the end of the floor.
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Advanced Lesson 1

e You can get the results in a plot as shown below. Results and Plots - Select category =
Select sub-category = Select result component. Then select the face which you want to
get the results of. This would give the plot of the result versus time or else you select
new results and change results instead of time. You can see the plot by expanding the
results in the motion manager tree - right click the plot you want to see = Show plot.
To see the data points in excel, right click on the plot and the click Export CSV.
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e Velocity vs Time plot ( without friction)
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e Acceleration vs Time plot ( without friction )
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e Add contact to use the friction features. Unselect the material option to edit the static
and kinetic friction coefficients. If you want to choose the materials SolidWorks will set
the friction values to match the materials. When working with friction, coincident mate
should be either suppress or deleted from the motion analysis. Do not specify mass
when working with friction. You can change the mass by creating a materian changing
the density of it as shown in “Tips and Tricks” section.
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Note: Please make sure to move the time bar in the timeline to initial (ie. 0 seconds)
before you make any changes to your force, torque, or mates!

Exercise

Do all this calculations and plots over 0 to 0.65 seconds.

1. Do the same problem with mass = 10 kg and force = 15 N without adding any friction
(uncheck the friction option) and plot velocity and acceleration vs time.

2. Do the same problem with mass = 10 Ibm and force = 4 Ibf without adding any friction
and plot velocity and acceleration vs time.

3. Do the same problem with mass =4 kg and force = 20 N with y; =0.25 and us = 0.3 and
plot velocity and acceleration vs time. (Note: When dealing with friction, please check
the highlighted note in lesson 1)
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Lesson 2

This lesson will help you to get familiar with simulation of a spring. You can download the part
and assembly files from the website under class materials.

e Open the assembly file > Do the similar mates as in the lesson 1

e Click the motion analysis option as shown.
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e Add a spring to it by selecting the face of the box and the face of base as shown. Then
you can change the spring stiffness and unstretched length of it as shown.
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e Now you can change the initial length of the spring by adding a mate to it. As shown

here, add a distance mate in between the two faces. Here | enter the initial length
longer than the unstretched length to give an oscillation. Make sure to suppress (Right

click on the mate and then select suppress) or delete the mate from the motion study
before you calculate motion or else the box will not move.
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e Assign mass (10kg) and Calculate motion.

e In addition you can add friction as shown in lesson 1 and then plot the results of desired
parameters, but you need to consider the fact that you can’t assign mass and you have
to create a new material as shown in “Tips and Tricks” section.

e Velocity vs Time plot
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e Acceleration vs Time plot
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Note: The spring won’t be on display unless you click the spring on the motion manager tree

while it is playing.

Exercise

Do the same problem with mass =5 kg and plot velocity and acceleration vs time.

Do the same problem (mass = 10 kg) with spring constant = 200 N/m.

3. Do the same problem (mass = 10 kg) with initial length = 0.4m keeping the unstretched

length the same.

4. Do the same problem while setting the unstretched and initial lengths equal to 0.5m

and applying a 5 N force in the positive x direction.
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Lesson 3

This lesson will allow you to get familiar with motors. You can download the part and assembly
files from the website under class materials.

e The first few mates are exactly the same as shown in “Introduction to Mates” at the
beginning. The images show the completed assembly.

e After assembling the pin holder with the two bars, insert component = Insert Slide part
file. Then in mates, click the faces as shown which would select the coincident mate by
default.
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e Click the faces as shown which would select the coincident mate by default, but change
it to parallel mate as shown.
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e Insert the component sliding box. Then click the cylindrical faces as shown which would
select the concentric mate by default.

o Select the faces as shown which would select the coincident mate by default.
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o Now select the circular face of the pin on the sliding bar and the front face of the bar as shown
which would select the coincident mate by default.

e Right click anywhere on the part Slide and select fix to make that part fixed.
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e Now select the top face of the sliding box and the pin holder as shown. Then select the distance
mate and enter the values as shown to make it start at a lower position.

KNLAFN @)
z) :

-

e (Click motor in the motion tab to give the rod an angular velocity. Select the curved face of the
rod as shown and give a constant angular velocity of 100 RPM.

Constant Speed

€% 100ReM | %

e Assign 5 kg mass for the block and then go to the motion analysis tab and click calculate.
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e Angular Velocity vs Time plot.
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e Displacement of the Sliding Box vs Angle of the rod plot.
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Exercise

1. Do the same problem with a 10kg mass box and show all three plots.
2. Do the same problem with the same mass but 150 RPM constant speed and show all three plots.
3. Do the same problem with 5 rad/s constant angular velocity and show all three plots.
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Lesson 4

This lesson will allow you to get familiar with a simple impact situation. You can download the
part and assembly files from the website under class materials.

Make the assembly file and make sure the ball is above where the floor is by selecting the

different views to make sure of its position. Then create a distance mate between the ball and
the floor as shown (1m) in the model tab.
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e The default simulation setting sare often not accurate enough to capture impact events. There
are two ways you can change the defaults. You can use either check the “Use Precise Contact”
option or increase the frames per second. The preferred solution is Use Precise Contact.

Motion Study Properties 7

v R
| Basic Motion ¥ 4
Motion Analysis A .
Frames per second:
250 =]
" E -
4
Animate during simulation 4
Fl Replace redundant mates
with bushings

Bushing Parameters...

3D Contact Resolution:
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[¥]Use Precise Contact

Accuracy:
Low High

e (Calculate the motion and plot the results of the displacement of the ball vs time.
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e Linear velocity vs Time plot
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e Linear Displacement vs Linear Velocity Plot

Linear Displacement3 {meter)

-1.0 ittt iy s e
-443 -403 -363 -323 -283 -243 -203 -163 -123 -083 -043 -0.03 037 077 117 157 197221
CM Velocity - Y (meter/sec)

SolidWorks Motion Study by: Mohamed Hakeem Mohamed Nizar Page 26



Exercise

1. Do the same problem with a restitution coefficient of 0.6 and plot the displacement of the ball
vs time, the results of linear velocity vs time, and the results of linear displacement vs linear
velocity.
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Tips and Tricks

e To change units, click options as shown.
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Then you can change units as you need as shown below.
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|
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e To change the material, drag and drop the appearance on the part you want to change the
material of.
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e C(Click the icon as shown to change the Motion Study properties
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You can make the motion smoother by increasing the frames per second. You can make the
accuracy higher and change the solver by clicking ‘Advance Options’ (Integrator type) to make
your simulation work.

|@ " I|% " a | VTR IR | Advanced Motion Analysis Optians ﬂ
Motion Study Properties 7 (RVIS"
Advanced Mation Analysis Options
J x LUSIINY Fal aniews o,
» 0K
- . 30 Contact Resolution:
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25 - T || s . Iitial Itegrator Step Size 0.0001000000 2
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[T FRENNNENNNEEETT ] (1
Animate during simulation D'UUUIUJUUUUU 7 Mimum Integrator Step Size 0,0000001000 L
7 Replace redundant mates
with bushings b Cyde settings: (1 cyde=360°) | _ =
E Maximum Integrator Step Size 0.0100000000 v
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- . 1 -
3D Contact Resolution: @ = Jacobian Re-evaluation
Low High
U Piot Defatllts. .. U
|:| Use Predse Contact Advanced Optiors...
Accuracy: -
o e - | General Options 2 | v

e Fix and float : Fixed parts are incapable of moving, while moving parts must be floating. First
import the part file that needs to be fixed so by default it will be fixed. The parts you import
after that would be in float mode so you can freely move them around; use right-click = Fix to
make it fixed as shown.
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e SolidWorks acts unusually sometimes when you try to change the mass manually, particularly in

problems with impact and friction involved. In these cases the preferable way to change mass is

to create a new material and change the density according to the volume to obtain the desired

mass.

Mass will be assigned by default as soon as the object is created. To access mass properties go

to tools = Mass properties and you will see something similar to the one showed in

image bellow. To edit mass properties click on “Override Mass Properties”.
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&) Boundary Boss/Base | Bound

Dimxpert | Render Tools | Office Products | Cir

(T .
Wy Partl (Default<<Default>_[
Sensors

[j-- Annotations

3= Material <not specified>
Q Front Plane

QSQ Top Plane

.45 Right Plane

ol Origin

[j--@ Boss-Extrudel

4 m 2

*Trimetric

Motion Study 1

AT Moded
TR b R IITHFEAIIITT LI TET

|

=

Part1.5LDFRT

[ Override Mass Properties... ] ’ Recalculate ]

Indude hidden bodies/components

[ create Center of Mass feature

[ show weld bead mass

Report coordinate values relative to: - default - -

Mass properties of Partl
Configuration: Default
Coordinate system: - default --

Density = 0.04 pounds per cubic inch

Mass = 2,31 pounds

Volume = 64.00 cubic inches

Surface area = 96.00 sguare inches

Center of mass: (inches )

X =200
¥ =2.00
Z=2.00

Principal axes of inertia and principal moments of inertia: { pounds * square inches )
Taken at the center of mass.

Ix = (1.00, 0,00, 0.00)  Px =6.17
Iy = (0.00, 1.00, 0.00) Py =6.17
Iz = (0.00, 0,00, 1.00)  Pz=6.17

Moments of inertia: ( pounds * sguare inches )
Taken at the center of mass and aligned with the output coordinate system.

Lxx =6.17 Lxy =0.00 Lxz = 0.00
Lyx = 0.00 Lyy = 6,17 Lyz = 0.00
Lzx = 0.00 Lzy = 0.00 Lzz = 6.17
Moments of inertia: ( pounds = square inches )
Taken at the output coordinate system.
Ixx = 24.66 Ixy =9.25 Ixz =9.25
Iyx =9.25 Iyy = 24.66 Iyz =9.25
Izx =9.25 Izy =9.25 Izz = 24.66
Print. .. ] [ Copy to Clipboard ]
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Mass, center of mass, and moments of inertia can be changed by accessing Override Mass
Properties as shown below.

E[E Override Mass Properties |

Properties for: Part1l.SLDPRT
Owverride mass: 2.3 1pounds -
[ override center of mass:
% | 2.00in £ ¥ | 2.00in - 7: | 2.00in -
&5 defined in: | Part coordinate system (default)
[] override moments of inertia:
(@ Enter prindpal axes and prindpal moments of inertia
Enter reference frame and moments of inertia
Principal axes arigntation:
Ix: | 10D +  |0.00 4 |p.0o0 2
Iy: | 0.00 * | 1oo 4 |D.00 -
I=: | 0.00 “ p.00 - 1.00 P

Frincipal moments of inertia: (pounds * square inches)

Pui | 6.17 -
Py: |6.17 -
P21 | 6.17 -
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This is the appearance in SolidWorks 2012 version. In this check “Assign mass properties” to
change mass.

1 PBEEBOB @S| 2 | ||[Crm. ) o [ dese ][ ommm
Py (3 sweptBoss/Base & [ I OQutput coordinate system: - default —-
Extruded Revolved 8 Lofted Boss/Base Extruded Hole Revolved [m Part1.SLDPRT
Boss/Base Boss/Base @ s Cut Wizard Cut @ Selectad fteras:

Features | Sketch | Evaluate | DimXpert | Render Tools | Office Products:

Indude hidden bodies/components

L [¥] show output coordinate system in corner of window
% Partl (Default<<Default>_Disp
..[Z] Sensors

[J-v@ Annotations

8= Material <not specified>
Q Front Plane

..&> Top Plane

..& Right Plane

-1, Origin

:}»@ Boss-Extrudel

[ Assigned mass properties

.“ Mass properties of Part1 ( Part Configuration - Default )
Output coordinate System: -- default -

Density = 0,04 pounds per cubic inch

Mass = 2.31 pounds

Volume = 64.00 cubic inches

Surface area = 96.00 square inches

Center of mass: (inches )
X =200
Y =200
Z=2.00

Principal axes of inertia and principal moments of inertia:
Taken at the center of mass.

Ix = (1.00,0.00, 0.00) Px=6.17
Iy = {0.00, 1.00, 0.00) Py =6.17
Iz = (0.00, 0.00, 1.00) Pz =6.17

o If you see strange behavior with friction or impacts, you need to create a material to change the
mass instead of selecting the “Override Mass Properties” or “Assign mass properties”. The
steps are shown below with the help of pictures.

First right click on the material 3= Material <not specified> 3 £yt material. Then the following

tab will appear. Right click anywhere on the left side 2> select New Library.

7 - : = ‘ . e -
aterial 8 =~ . :_ . - B _-_;" |
2113 solidWorks Materials - ‘ Properties | Appearance I CrossHatch | Custc
56
--$= 1023 Carbon Steel Sheet (55) Copy
3= 201 Annealed Stainless Steel (5] TR
8= A286 Iron Base Superalloy
3= AIsT 1010 Steel, hot rolled bar Sort by Library
§§ AISI 1015 Steel, Cold Drawn (55] Sort by Category
| 'EE AISL 1020 Sort by Material
-.§= AISI 1020 Steel, Cold Rolled
3= AIST 1035 Steel (55) 3
..3= AIST 1045 Steel, cold drawn Select amater
-§= AISI 304
3= a1a1 21A Annealed Stainlece Steel Rar (28

Then name your library and save it (For this example | have named it as ‘My_materials’). Then
right click the library you created 2 select New Category (I named it as Mat1).
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Material .

- #2] Solidworks DIN Materials
-- SolidWarks Materials

.[13) sustainability Extras
@ Custom Materials

- 35 Materiall

EI@ My_materials

Then right click on the category you have crated and select ‘New Material’. Name it and click the
Properties tab as shown.

[]-- Solidworks DIN Materials Properties | Appearance I CrossHatch | Custom I Application Data I Favorites
- Sohd'-ﬂ-a'ork.s. Materials Material properties
i sustainability Extras Materials in the default library can not be edited. You must first copy the material to
[]--Eﬂ Custom Materials a custom library to editit.
- Material 1
® @ atena Model Type: [Linear Elastic Isatropic v]
-5 my_materials
235 Mat1 Units: [SI -Nfm~2 (Pa) - ]
2 Category: Mat1
+-[E5) custom Materials
Mame: M1
Description: -
Source:
Sustainability: Undefined
Property Value Units »
Elastic modulus 2000000000 [ MNm*2
Poissons ratie 0.394 MIA
Shear modulus 318500000 | Wdm"2
Density 1020 kg/m™3
Tensile strength 30000000 N2 £
Compressive Strength in X MNim*2
Yield Strength MNim*2
Thermal Expansion Coefficient in X JK
Thermal conductivity 0.2258 Wiim-K) |5
Specific heat 1385 A(kg-K)
Material Namninn Ratin MIA i
[ Apply ] [ Cloze ] [ Save ] [Conﬁg... ] [ Help ]

Now you can change the properties of the material shown in the ‘Value’ column; double click to
edit. You will probably only change the density to get the desired mass and click ‘Apply’. You
can also change the units by clicking the drop-down arrow.
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e Time Frame and Key Points

Motn Analyss v | & > B> 8 ) B v

e e

4 +g§] Lights, Cameras and Scene 4 5\

K Forcel b

& Solid Body Contactl / b
3 v o Gravity 1 /

8 (f) Floor<1> (Default<<Defa 5 § 2 (3

78 (-) box<1> (Defautt<<Defaul b

{1} Mates (3 Redundancies) a >

./ Coincidentl (Floor<1> b \. l’

- N\ Parallelt (Floor<1> box<: ' 4
A \ | acal Parallel? (Flnnr<1> &

{ ]

« ¢ b o |_Model | Motion Study 1

The above figure shows some typical errors in key frames when dealing with motion analysis. As
you can see, key points 1, 2 and 4, 5 are discontinuous. This means the action is not active in the
region, for instance the force is not acting from point 1 to 2.

Key points 2 and 3 imply that the force is active. Meanwhile notice that there is a key point 6 in
between 2 and 3; this means there is a change in force at key point 6.

To solve these problems make sure all your key frames start at the beginning of the timeline
unless you want the force or other action to be taken after some time. There should be no key
frame after the initial one as shown in 7, not even at the end unless you want any specific
changes in between or you need to stop the action at certain times without going till the end.

The timeline would be highlighted after calculating the motion if the key frame is active as
shown below. If the force is not on, right click the force and click on to make the force active and
recalculate.
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Motion Analysis - || B8 B> B H B0 ix] v =~
(V)% B T & 0 sec 1 sec 2 sec '

trra vl oroar booorboroca oo
PSRN | Ex. 131 (Default<Display State-
@ Orientation and Camera Yiev
EEI"{E Lights, Cameras and Scene
R, Forcel
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Eg---ﬁ& (f} Floor<1> (Default<<Defar
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