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In this tutorial, we will learn the basics of performing motion analysis using COSMOSMotion.  Although the 

tutorial can be completed by anyone with a basic knowledge of SolidWorks parts and assemblies, we have 

provided enough detail so that students with an understanding of the 

physics of mechanics will be able to relate the results to those obtained by 

hand calculations. 

Begin by creating the six part models detailed on page 2.  For each part, 

define the material by right-ŎƭƛŎƪƛƴƎ άaŀǘŜǊƛŀƭέ ƛƴ ǘƘŜ CŜŀǘǳǊeManager 

ŀƴŘ ǎŜƭŜŎǘƛƴƎ ά9Řƛǘ aŀǘŜǊƛŀƭΦέ  ¢ƘŜ aŀǘŜǊƛŀƭǎ 9ŘƛǘƻǊ ǿƛƭƭ ŀǇǇŜŀǊΣ ŀǎ ǎƘƻǿƴ 

ƘŜǊŜΦ  {ŜƭŜŎǘ ά!ƭƭƻȅ {ǘŜŜƭέ ŦǊƻƳ ǘƘŜ ƭƛǎǘ ƻŦ ǎǘŜŜƭǎ ƛƴ ǘƘŜ SolidWorks 

materials library.  Click the check mark to apply the material.  

Rotation of a Wheel 

To begin, we will analyze a simple model of a wheel subjected to a torque.  

CǊƻƳ bŜǿǘƻƴΩǎ {ŜŎƻƴŘ [ŀǿΣ ǿŜ ƪƴƻǿ ǘƘŀǘ ǘƘŜ ǎǳƳ ƻŦ ǘƘŜ ŦƻǊŎŜǎ ŀŎǘƛƴƎ ƻƴ ŀ 

body equals the mass of the body times the acceleration of the body, or 

Ὂ= άὥ 

The above equation applies to bodies undergoing linear acceleration.  For 

ǊƻǘŀǘƛƴƎ ōƻŘƛŜǎΣ bŜǿǘƻƴΩǎ {ŜŎƻƴŘ [ŀǿ Ŏŀƴ ōŜ ǿǊƛǘǘŜƴ ŀǎΥ   

ὓ= Ὅ‌ 

 Where Вὓis the sum of the moments about an axis, Ὅ is the mass moment of inertia of the body about 

that axis, and ‌ is the angular acceleration of the body.  The moment of inertia about an axis is defined as: 

Ὅ= άὶ2Ὠὠ 

where r is the radial distance from the axis.  For simple shapes, the moment of inertia is relatively easy to 

calculate, as formulas for Ὅ of many basic shapes are tabulated in many reference books.  However, for 

more complex components, calculation of Ὅ can be difficult.  SolidWorks allows mass properties, including 

moments of inertia, to be determined easily. 

Open the part ά²ƘŜŜƭΦέ  CǊƻƳ ǘƘŜ Ƴŀƛƴ ƳŜƴǳΣ ǎŜƭŜŎǘ ¢ƻƻƭǎΥ aŀǎǎ tǊƻǇŜǊǘƛŜǎΦ   

The mass properties of the wheel are reported in the pop-up box.  For this part, the weight is 40.02 pounds, 

and the moment of inertia about the z-axis όƭŀōŜƭŜŘ ŀǎ ά[ȊȊέ ƛƴ {ƻƭƛŘ²ƻǊƪǎύ is 609.3 lbϊin2.  Note that if you 

ŎŜƴǘŜǊŜŘ ǘƘŜ ǇŀǊǘ ŀōƻǳǘ ǘƘŜ ƻǊƛƎƛƴΣ ǘƘŜƴ ǘƘŜ ǇǊƻǇŜǊǘƛŜǎΣ ƭŀōŜƭŜŘ ά¢ŀƪŜƴ ŀǘ ǘƘŜ ŎŜƴǘŜǊ ƻŦ Ƴŀǎǎ ŀƴŘ ŀƭƛƎƴŜŘ 

ǿƛǘƘ ǘƘŜ ƻǳǘǇǳǘ ŎƻƻǊŘƛƴŀǘŜ ǎȅǎǘŜƳέ ǿƛƭƭ ōŜ ƛŘŜƴǘƛŎŀƭ ǘƻ ǘƘƻǎŜ ƭŀōŜƭŜŘ ά¢ŀƪŜƴ ŀǘ ǘƘŜ ŎŜƴǘŜǊ ƻŦ ƳŀǎǎΦέ 
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Since the wheel is symmetric about the axis of rotation, it will be difficult to visualize the rotational motion 

in the model.  Adding a non-symmetric pattern to one of the faces of the wheel will be helpful. 

Close the Mass Properties box.  Right-click on the face shown here.  Select Texture from the Face tools, 

and select a texture from the PropertyManagerΦ  ¢ƘŜ ά/ƘŜŎƪŜǊ мέ ǘŜȄǘǳǊŜ ŦǊƻƳ ǘƘŜ άtŀǘǘŜǊƴǎέ ƎǊƻǳǇ ƛǎ ŀ 

good choice.  Move the scale slider bar under the preview window to make the pattern larger or smaller, 

as desired.  Click the check mark to apply the pattern to the face.    
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{ŀǾŜ ǘƘŜ ǇŀǊǘ ŦƛƭŜΦ  hǇŜƴ ǘƘŜ ǇŀǊǘ ά²ƘŜŜƭнΦέ  CƛƴŘ ǘƘŜ Ƴŀǎǎ 

properties, and apply a texture to a face of the model.  

Save the part file. 

Note that the mass of this part (40.14 lb) is almost identical 

to that of the other wheel, but the mass moment of inertia 

(837.0 lbϊin2) is about 37% greater.  The mass moment of 

ǘƘŜ ǇŀǊǘ ŘŜǇŜƴŘǎ ƴƻǘ ƻƴƭȅ ƻƴ ǘƘŜ ǇŀǊǘΩǎ ƳŀǎǎΣ ōǳǘ ŀƭǎƻ ƻƴ 

how that mass is distributed.  As more mass is placed at a 

greater distance away from the axis of the part, then the 

mass moment of inertia about that axis increases (note the 

άǊ2έ ƛƴ ǘƘŜ Ŝǉǳŀǘƛƻƴ for Ὅ on page 1).  

hǇŜƴ ŀ ƴŜǿ ŀǎǎŜƳōƭȅΦ  LƴǎŜǊǘ ǘƘŜ ŎƻƳǇƻƴŜƴǘ άCǊŀƳŜΦέ 

Since the first component inserted into an assembly is fixed, it is logical to insert the component 

representing the stationary component όǘƘŜ άŦǊŀƳŜέ ƻǊ άƎǊƻǳƴŘέ ŎƻƳǇƻƴŜƴǘύ ŦƛǊǎǘΦ 

LƴǎŜǊǘ ǘƘŜ ǇŀǊǘ ά²ƘŜŜƭέ ƛƴǘƻ ǘƘŜ ŀǎǎŜƳōƭȅΦ  {ŜƭŜŎǘ ǘƘŜ aŀǘŜ ¢ƻƻƭΦ  !ŘŘ ŀ ŎƻƴŎŜƴǘǊƛŎ ƳŀǘŜ ōŜǘǿŜŜƴ ǘƘŜ 

center hole of the wheel and one of the holes in the frame link.  Be sure to select the cylindrical faces for 

the mate and not edges.  Add a coincident mate between the back face of the wheel and the front face of 

the frame link. 

You should now be able to click and drag the wheel, with rotation about the axis of the mated holes the 

only motion allowed by the mates. The addition of these two mates has added a revolute joint to the 

assembly.  A revolute joint is similar to a hinge in that it allows only one degree of freedom. The box that 

appears shows an analysis of the model.   

/ƭƛŎƪ ƻƴ ǘƘŜ άaƻǘƛƻƴ {ǘǳŘȅ мέ ǘŀō ƴŜŀr the 

lower left corner, which opens the 

MotionManager across the lower portion of 

the screen. 
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The Motion Manager can be used to create simulations of various complexities: 

¶ Assembly Motion allows the simulation of the motion when virtual motors are applied to drive one 

or more of the components at specified velocities 

¶ Physical Simulation allows the addition of gravity and springs, as well as contact between 

components, to the model 

¶ COSMOSMotion allows for the calculation of velocities, accelerations, and forces for components 

during the motion.  It also allows for forces to be applied to the model. 

The first two options are always available in SolidWorks.  COSMOSMotion is an add-in program, and must 

be activated before it can be used. 

Select Tools: Add-Ins from the 

main menu.  Click the check box 

to the left of COSMOSMotion. 

Note that if you click the box on 

the right, then COSMOSMotion 

will be loaded whenever you open 

SolidWorks.  You will probably select this option only if you perform motion studies on a routine basis. 

 

Select the Force Tool. 

You will see a message displayed that COSMOSMotion 

is required in order to add a force to a simulation. 

Select COSMOSMotion from the simulation options 

pull-down menu. 

 

We will apply a torque (moment) to the wheŜƭΦ  ²Ŝ ǿƛƭƭ ǎŜǘ ǘƘŜ ǘƻǊǉǳŜ ǘƻ ƘŀǾŜ ŀ Ŏƻƴǎǘŀƴǘ ǾŀƭǳŜ ƻŦ м Ŧǘϊƭō 

όмн ƛƴϊƭōύΣ ŀƴŘ ǿƛƭƭ ŀǇǇƭȅ ƛǘ ŦƻǊ ŀ ŘǳǊŀǘƛƻƴ ƻŦ ŜƛƎƘǘ ǎŜŎƻƴŘǎΦ 
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In the Force PropertyManager, select Torque and then click on the front face of the wheel.   

 

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

Z-ŀȄƛǎ όǿŜ ǎŀȅ ǘƘŀǘ ǘƘƛǎ ǘƻǊǉǳŜΩǎ ŘƛǊŜŎǘƛƻƴ ƛǎ Ҍ½ύΦ  ¢ƘŜ ŀǊǊƻǿǎ ŘƛǊŜŎǘƭȅ ōŜƭƻǿ ǘƘŜ ŦŀŎŜ ǎŜƭŜŎǘƛƻƴ ōƻȄ Ŏŀƴ ōŜ 

used to reverse the direction of the torque, if desired. 

 

Scroll down in the Force PropertyManager and set the value to 12 

ƛƴϊƭōΦ  {ŎǊƻƭƭ ōŀŎƪ ǘƻ ǘƘŜ ǘƻǇ ƻŦ ǘƘŜ tǊƻǇŜǊǘȅaŀƴŀƎŜǊ ŀƴŘ ŎƭƛŎƪ ǘƘŜ 

check mark to apply the torque. 

 

 

 

In the MotionManager, click and drag the diamond-ǎƘŀǇŜŘ ƛŎƻƴ όǘŜǊƳŜŘ ŀ άƪŜȅέ ŦǊƻƳ ǘƘŜ ŘŜŦŀǳƭǘ ŦƛǾŜ 

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

 

 

 

 

 

The animation of the simulation can be played back without repeating the 

calculations by clicking the Play from Start key.  The speed of the playback 

can be controlled from the pull-down menu beside the Play controls. 
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LŦ ǘƘŜ ǇƭŀȅōŀŎƪ ŀǇǇŜŀǊǎ άŎƘƻǇǇȅέΣ ǘƘŜƴ ȅƻǳ Ŏŀƴ ǊŜǇŜŀǘ ǘƘŜ ŀƴŀƭȅǎƛǎ ǿƛǘƘ 

smaller time increments by selecting Motion Study Properties and setting 

the frame rate to a higher value.  Be 

careful with setting this rate too high, 

as the speed of the simulation 

calculation will be greatly reduced for 

high frame rates.  

 

As noted earlier, COSMOSMotion provides quantitative analysis results in addition to qualitative animations 

of motion models.  We will create plots of the angular acceleration and 

angular velocity of the wheel. 

Select the Results and Plots Tool.  In the PropertyManager, use the pull-

down menus to select Displacement/Velocity/Acceleration: Angular 

Acceleration: Z Component.  Click on the front face of the wheel, and click 

the check mark. 

 

 

 

 

 

A plot will be created of the angular acceleration versus time.  The plot can be dragged around the screen 

and resized.  It can also be edited by right-clicking the plot entity to be modified, 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 can check 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 hands is good practice and can 

prevent many errors.  

 


