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In this tutorial, we will learn the basics of performing motion analysis using COSMOSMotion. Althoupgh the
tutorial can be completed by anyone with a basic knowledge of SolidWorks parts and assemblies, wg have
provided enough detail so that students wiim understanding of the

physics of mechanics will be able to relate the results to those obtained bﬂm'mmﬁ_,q

hand calculations. @ %
Begin by creating the six part models detailed on page 2. For each part, Materials )
define the material by rightOf A O1 Ay 3 dal G SManagéré ] |seliaworks Materials ~| NJ
YR aStSOGAY3 G9RAG al GSNRLF ¢ . steel MR F
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materials library. Click the check mark to apply the material. 1
Rotation of a Wheel . Cast Carbon Steel
- Cast Stainless Steel

To begin, we wilanalyze a simple model of a wheel subjected to a torque - Chrome Stainless Stei ~
CNRY bSgliz2yQa {SO2yR [léX 6S y2| m : jzY Z
body equals the mass of the body times the acceleration of the body, or [Alloy steel -

"O= GG [ Remove Material ]

[ Create/Edit Material... ]

The above equation applies to bodies undergoing linear acceleration. F
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WhereB 0 is the sum of the moments about an ax{@s the mass moment of inertia of the body athou
that axis, and is the angular acceleration of the body. The moment of inertia about an axis is defined as:

T a2

where r is the radial distance from the axis. For simple shapes, the moment of ineel&tisgelyeasy to
calculate asformulas for'@f many basic shapes are tabulated in many reference hobksvever, for

more complex components, calculation“@an be difficult. SolidWorks allows mass properties, includipg
moments of inertia, to be determined easily.
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The mass properties of the wheel are reported in the qogpbox. For this part, thereightis 40.02 pounds,
and the moment of inertia about theaxisé f 6 St SR | & & [s609XIbink. yWotd tBat ifiyéuz| 2 NJ
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Mass properties of Wheel [ Part Configuration - Default )

»

Cutput coordinate System: -- default --

Density = ounds per cubic inch
A
q Mass = 40,02 pounds

Volume = .88 tubic inches

Surface area = 286.43 inches”2

Center of mass: [ inches )
% =000
¥ =0,00
Z=072

m

Principal axes of inertia and principal moments of inertia: [ pounds * squ
Taken at the center of mass.

Ix = (1,00, 0,00, 0.00) Px = 314.76
Iy = (0.00, 100, 0.00) Py = 314.76
Iz = (0,00, 0,00, 1.00) Pz = 609.32

Moments of inertia: [ pounds * square inches |
Taken at the center of mass and aligned with the output coordinate syst —

L = 314,78 Ly = 0.00 Lxz = 0.00
Lyx = 0.00 Lyy = 314.76 i
Lz = 0.00 Lzy = 0.00 Lzz = 609.32
< Tl | 3

Since the whedab symmetric about the axis of rotation, it will be difficult to visualize the rotational motjon
in the model. Adding a nesymmetric pattern to one of the faces of the wheel will be helpful.

Close the Mass Properties boRightclick on theface shownhere. Select Texturdrom the Face tots,
and select a texturdrom the PropertyManages® ¢tKS a4/ KSO1SNI mé GSEGdNB 7
good choice. Move the scale slider bar under the preview window to make the pattern larger or smé|ller,

as degred. Click the check mark to apply the pattern to the face.

—

—

Select Other

Zoom/Pan/Rotate 4

Recent Commands  *

Insert Sketch
51 | 3D Sketch On Plane
Live Section

Color..
Textye...

Appearance Callouts...

Appearance
Feature (Extrude2)
Edit Sketch
[f& | Edit Feature

12 | Suppress

Comment 4
Parent/Child...

|£8 | Configure feature

| Delete...

Appearance 4

CE
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properties, and apply a texture to a face of the model.
Save the part file.

.

N

Note thatthe mass of this part (40.14)lis amost identical
to that of the other wheel, but the mss moment of inertia
(837.0 Itin?) is about 37% greater. The mass moment of
GKS LI NI RSLISYyRa y20 2yfae
how that mass is distributed. As more mass is placed at
greater distance away from the axis of the part, then the
mass moment of inertia about thaixis increases (note the
¥ Ay (K Sr'@rjpdge G)A 2 y
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Since the first component inserted into an assembly is fixed, it is logical to insert the component
representing the stationary componentii KS a FNJF YSE 2NJ ¢aNRdzyRé O2Y

LyaSNIi (GKS LI NI G2KSSté¢ Ayiliz2 GKS [aaSvyofteo 1
center hole of the wheel and one of the holes in the frame link. Be sure to select the cylindrical face
the mate and not edgesAdd a coincident mate between the back face of the wheel and the front facq
the frame link.

You should now be able to click and drag the wheel, with rotation about the axis of the mated holes {
only motion allowed by the mate§ he addition of these two mates has addegkaolute jointto the
assembly. A revolute joint is similar to a hinge in that it allows only one degree of fre@&tienbox that
appears shows an analysis of the model.

I SelidWorks | Fle Edt View Insert Tods Window rep Q\D -F-H-2-9- 8 E- Wheel Assembly =
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The Motion Manager can be used to create simulations of various complexities:

1 Assembly Motiomllows the simulation of the motion when virtual motors are apglto drive one
or more of the components at specified velocities

1 Physical Simulatioallows the addition of gravity and springs, as well as contact between
components, to the model

1 COSMOSMoticallows for the calculation of velocities, accelerations, fardes for components
during the motion. It also allows féorces to be applied to the model.

The first two options are always available in SolidWorks. COSMOSMotion is-@anpadgram, and must
be activated before it can be used.

Select Tools: Adths from the . e
main menu. Click the check box e 0 e
to the left of COSMOSMotion. Active Add-ins | start Up |

= SolidWorks Office Premium Add-ins

. . [7138 3D Instant Website [

Note that if you click the box on COSMOSMotion 2008 %3 COSMOSMotion 2008 0
the “ght’ then COSMOSMotion CosmesMotion 2008 r" ‘ ’COSMOSWorks 2008 =

[[]&, Design Checker [l

will be loaded whenever you open
SolidWorks. You will probably select this option only if you perform motion studiag@umine basis.

Force
Select the Force Tool. Moves one or two components as if J
acted upon by a force.
Youwill see a message displayed that COSMOSMoti /
is required in order to add a force to a simulation. M
@ 3NRE e EE
Select COSMOSMotion from the simulation options 06 = |00:00:08 = = = 00:00:10 - © - 00:00:12 = -
pull-down menu.
= | Force Function al ~| *Trimetric

Force relativ] The tool you have chosen requires the
use of COSMOSMotion. You can
choose the type of study with this Assembly Motien
= Select control. Physical Simulation

B> .
i e W

(Defau“-.fn;rw'-na g

Assembly Motion vl

@) Assem

‘ 1nu:nn:nn 00:00:

= COMpPOrn ¥, | = COSMOSMotiog G The most realistic simulation, taking
. - into account all available types of
Force Function '.:f:.'l =| *Trimetric % Lights, Cameras and | 1, 5tion object and providing
-~y (f) Frame=1=» accurate, numerical results.
\ssembly Mation  ~ || 28 [B> = 2 B () Wheel<1> :
(T)% & T B “ luu:uu:up o O Mates ‘ I
[ I | 1
— B WMhoal Arcommbbhe (Miafarih e Micmlae §

A 7 A

We will apply a torque (moment) to the wBef & 2S gAff aSid GKS 02 NJjdz5
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In the Force PropertyManager, select Torque and then click on the front face of the wheel.

=200 N WWheel Assembly (Uetault<... > e L L -
Bl 5
-

W W B ’\

Force Type i~

|5‘ Linear force

B Torque
Direction -
= 4
1
; Action only ]

|¥‘ Action & reaction

P [t st | |
0] m—

Force relstive to:

m

_ N

@ Assembly arigin

= Selected 3
"~ component:

Note that the arrow shows thatie torque will be applied in the counterclockwise direction relative to t

ZFEAE 06S Al & G(KIG GKA& (2NJjdzSQ&8 RANBOGAZY A2
used to reverse the direction of the torque, if desired. ik e |
Force Function “E“ :
Scroll downin the Force PropertyManager and set the value to 1: E"élr:_b|£|§|
Ayirtoo {ONRBEft Ol O]l U2 UKS UzF1 126t T J
check mark to apply the torque. m_ =
« # 1= Load Bearing Faces (- =
% Load references:
QK -

=F*| lLinear force | |

In the MotionManager, click and drag the diamordd K LJSR A O2Yy O6USNXSR | a

seconds to the desired eight seconds (00:00:08Nck the Calculator Icon to perform the simulation.

+ = Calculate
ooz RN = T T p P X
| | 719 | S8R @ Calculates the Motion Study. J
1I]I]:I]I]:I]I] 00:00:02 00:00:04 00:00:06 00:00:0¢ :
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The animation of the simulation can be played back without repeating 1 d b

calculations by clicking the Plaapm Startkey. The speed of the plagbk | f Trimetric

can becontrolled from the puldown menu beside the Play controls. T
7 e %l |00:00:00
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smaller time increments by selecting Motion Study Properties and settin(y ¢
the frame rate to a higher value. Be . Assembly Motion -
careful with setting this rate too high, Motion Study Properties T
) i Physical Simulation -
as the speed of the simulation /
H . COSMOSMotion ‘e
calculation will be greatly reduced for P—
high frame rates. )| E | % T4 - 5 1
Inn-niE1n nn| i :

As noted earlier, COSMOSMotion provides quantitative analysis results in addition to qualitative anif
of motion modds. We will create plots of the angular acceleration and
angular velocity of the wheel.

Bl 2]

Select the Results and Plots Tool. In the PropertyManager, use the pull | EESEEREEE
down menus to select Displacement/Velocity/Acceleration: Angular @ X

Acceleration: Z ComponencClick on the front face of the wheeand click
the check mark. Result il

IDispIacemenWelﬂ v]

IAnguIarﬁccelerati: "I

IZ Component 'I

@ Face<1>@Wheel-1

® |

A plot will be created of the angular acceleration versus time. The plot can be dragged around the
and resized. It can also be edited by rightking the plot entity to be matied, similar to the editing of a
Microsoft Excel plot.

We see that the acceleration is a constant value, about
436 degrees per second squared. Since the applied
torque is constant, it makes sense that the angular
acceleration is also constant. We aadreck the value
with hand calculations. Note that while we can
perform very complex analyses with COSMOSMotion,
checking a model by applying simple loads or motions
and checking results by hanisgood practice and can
prevent many errors.
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