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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-clicking “Material” in the FeatureManager v)X)?2)
and selecting “Edit Material.” The Materials Editor will appear, as shown

here. Select “Alloy Steel” from the list of steels in the SolidWorks e =
materials library. The part will appear with the material color (gray) SolidWorks Materials |
stored in the library for steel. If you prefer to show the part with a color Sed ~
that you have defined, uncheck the “Use material color” box. Click the e

check mark to apply the material.

Cast Carbon Stesl
Cast Stainless Ste
Chrome Stainless !

Rotation of a Wheel

To begin, we will analyze a simple model of a wheel subjected to a torque. Gebvanized el
From Newton’s Second Law, we know that the sum of the forces acting on a Alloy Steel v]
body equals the mass of the body times the acceleration of the body, or _
| Remove Material
z F=ma | Create/Edit Material. .,
. A . A . ) Visual Properties o
The above equation applies to bodies undergoing linear acceleration. For T
rotating bodies, Newton’s Second Law can be written as:
() Standard
> M=la
Where >.M is the sum of the moments about a point in the body, I is the mass +
moment of inertia of the body, and a. is the angular acceleration of the body. o d
The moment of inertia about an axis is defined as: e
| Blend color

I :Imrzdv

E]Use material crosshatch

where r is the radial distance from the axis. For simple shapes, the moment ‘//////
inertia is easy to calculate. However, for more complex components, /|
calculation of I can be difficult. SolidWorks allows mass properties, including i
moments of inertia, to be determined easily.

Open the part “Wheel.” From the main menu, select “Mass
Properties.”

The mass properties of the wheel are reported in the pop-up box.
For this part, the mass is 40.02 pounds-mass, and the moment of
inertia about the z-axis is 609.3 Ibyin®. Note that if you centered
the part about the origin, then the properties, labeled “Taken at the
center of mass and aligned with the output coordinate system” will
be identical to those labeled “Taken at the center of mass.”
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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.

Select the face shown here. Click on _
the Textures Tool, and select a v)X) ?)%
texture. The “Checker 1” texture oo =
from the “Patterns” group is a good s
choice. Move the scale slider bar | ;-@-.
under the preview window to make the pattern :
larger or smaller, as desired. Click the check 'ﬂ
mark to apply the pattern to the face. Lc!
| Remove Textures
TextreSelecton =4
SolidWorks Textures v |
= Patterns -~
JUD 1
Grid 1 -
Grid 2 =
Checker 1 W |
- .Jr
TextreProperbes 4
Save the part file. Open the part “Wheel2.”
Find the mass properties, and apply a texture
to a face of the model. Save the part file.
|

Note that the mass of this part g40.14 Ibm) is almost identical to that of the other wheel, but the mass
moment of inertia (837.0 Ibmin©) is about 37% greater. The mass moment of the part depends not only on
the part’s mass, but also on how that mass is distributed. As more mass is placed further away from the
axis of the part, then the mass moment of inertia about that axis increases (note the “r*" in the equation on

page 1).

Open a new assembly. Insert the component “Frame.”

. i : : - i i Add-Ins 2E3
Since the first component inserted into an assembly is fixed, it is logical to : 26
insert the component representing the stationary component (the “frame” or o e [ %
“ground” component) first. Simerpeedpe, - L

e,
[w|eDrawings 2006 hd

Activate the COSMOSMotion program by selecting Tools: Add-Ins
from the main menu. Select COSMOSMotion from the menu of A
available add-lnS and CliCk OK. C:\Program Files\COSMOS Applications

WMotion For SolidWorkscmotionsw. dil

CO5SMOSMotion 2006
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With COSMOSMotion activated, a “Motion” menu will be added to the
main menu. Also, a tab to the motion model will appear above the
FeatureManager.

Click the Motion icon above the FeatureManager.

® 5 15( &

T Assemi [De'auh
#-.A| Annotations

COSMOSMotion - Add New Parts
A pop-up box will appear, asking if you would like to add the existing utematicaly o rew Pats o Giounded o Moving Pats?
parts to Grounded or Moving Parts. o
Click Yes to add the frame link as a grounded (stationary) part in
the motion model.
res
7R &
Notice that the frame part is listed under “Ground Parts” in the motion [ Motion M':'dle'
model manager. [ % ;‘szmh ¥ Components
T~ ® Movine Pard
You can switch back to the modeling L'?Eﬁ ‘g) 5% Ground Parts
environment by clicking on the %8 Frame-1
FeatureManager icon. However, you ! - &§p Conatra
can perform modeling functions Motion Model & Joints
(adding components, adding mates, T Assemblv C & Contact
etc.) while in the motion model environment. @ Couplers
g Motion
Insert the part “Wheel” into the assembly. Click Yes to add the
part to the motion model. COSMOSMotion - Add New Parts
Automatically add new Parts to Grounded or Moving Parts?
wheel1
From the menu, select Motion: Show Simulation COSMOSMotion - No simulation
Panel. oo -
8& DOF: 1 [E stimated)]
Z1COSMOSMotion Messages

Gruebler Count
1 moving parts

{approzimate DOF):
6 DOF

Click on the Calculate button. A pop-up box will appear
as shown here.

Total (actual)

Total {estimated) DOF = &

Total number of redundant constraints =

DOF = 6

Save Dismiss Clear
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The box that appears shows an analysis of the model. Each moving part has six degrees of freedom in 3-
D space. The part can translate along the x, y, and z axes, and can rotate about the x, y, and z axes. Since
we have one moving part (the wheel), and its motion is so far unconstrained, the number of degrees of
freedom is six.

Click Dismiss to close the message box. Select the Mate Tool.
Add a concentric mate between the center hole of the wheel
and and one of the holes in the frame link. Be sure to select
the cylindrical faces for the mate and not edges.

A message box will appear, informing you that a concentric joint
has been created based on the mate.

Click Dismiss to close the message box.

= 1 moving parts 6 DOF ~

~ Total (estimated) DOF = 6
Total (actual) DOF = 6

Total number of redundant constraints = @

The following new mates are mapped in motion.
Concentric1
v

N v e e /\\

A ’ concentric joint
has been added. By zooming in on the joint area, you can see the joint ‘

illustrated (shown here with the model in wireframe mode for clarity). Each
joint restricts degrees of freedom. The cylindrical joint prevents translation

in the x and y directions, and also prevents rotations about the x and y axes.

Therefore, two degrees of freedom (DOF) remain: the wheel can turn about

the z axis and can also translate along the z axis.

~1COSMOSMotion Messages
. R . Grueh}er Count {approximate DOF}: [
In the Simulation Panel, click the N e Sl ~u vor
Calcula‘te button Total (estimated) DOF = 2

Total (actual) DOF = 2

Total number of redundant constraints = 0

The message box confirms that two
degrees of freedom remain in the
model.

Add a coincident mate
between the back face of
the wheel and the front
face of the frame link.

S/
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Dismiss the message box confirming the creation of a joint from the mate. Click the Calculate
button in the Simulation panel.

~1COSMOSMotion Messages
The message box now shows that 0 B o s P = Yo ul
the joint has been changed into a 1 Feupllite joines) % boF V2 E7N
revolute joint. A revolute joint Total (estinated) DOF - 1 A\ VS : ‘-,l
a”OWS Only One degree Of freedom. Total number of redundant constraints = @ . i \\\.' . ’ ,"'I g
It is represented by a hinge icon. C ~_

= @ Cnnétraints

Close the Mate Command window, and dismiss the message box. =y Joints

o v{@ R endibe :
We will now apply a prescribed rotational motion to the revolute joint, & cont F’FDPE:%E‘S
and determine the torque required to produce the motion. @ Coup Rena

i Motil Suppress
=% Forces | Delete

Right-click the Revolute joint under Joints in the Motion Model 8 spri
Manager. Select Properties. X, Dom  Add Coupler
@ Bush Explode
R Acticn T
. ) ) i Edit Mate-Defined Joint X
Choose the motion type as Acceleration. (The “Motion On” will be [, e
set to Rotate Z, with no other choices available, since that is the only Mot |t FEA. | Provetes
motion allowed by the revolute joint.) . v
Mation pe: | Acceleration V|
Set the type of acceleration as constant, and the value as 600 N

Iritial Velocity. |0

deg/s®.
Note that if you calculate the number of DOF, it is now zero, as the ntasedn T gt

only unconstrained motion now is being “driven” by the prescribed motion
added to the joint.

i
[
I
|

prossasass

COSMOSMotior

Click the Simulation Settings icon in the Simulation Panel.

COSMOSMotion Qfftions
World | Display | Smulation | Soiver | Animation | Results
Under the Simulation tab, set the duration to 2 seconds and the o
number of frames to 100. - c
[¥] Animate during simutation

[1Use mass properties stored with Parts f avaiable
[] Use Frecise Geometry for 30 Contacts

£ 30
g 3

|COSMOSMotit | . .

Run the simulation by clicking the calculator
on the Simulation Panel.
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Right-click the Revolute joint in

= Constraints

the Motion Model Manager. & Joints
Choose Plot: Angular Velocity: Z : %:MF.’.I;
Component. —

a5 Motion
Note that when you right-clickon =% grces_
.. . Springs
the joint, a different menu appears N, Dampers
than before. After a simulation has @ Bushings

Add Angular Displacement

Angular Acceleration
Angular Velocity

Power Consumption
Projection Angles
Reaction Force

Reaction Moment
Rotary Motion Generator

been performed, the menus allow ~ Action Only

you to display results. If you want
to change the parameters of the simulation, then you must
first delete the results of the last simulation.

ArtinnDaartinn

A plot of the angular velocity is displayed. Since we
specified a constant acceleration, the velocity change is
linear. The final velocity after 2 seconds is:

o=at= (eood@j(z 5)=12009%9
S S

Angular Vel - Z-Revolute

»
]
3
3

y

X Component
Y Component

Z Ggmponent
Magnitude

L

Angular Vel - Z (degfsec)

0.00 0.20 0.40 0.60 0.80

Time (sec)

1.00 1.2

1.40 1.60 1.80 2.00

The appearance of the plot can be changed with commands similar to those for spreadsheet graphs. For
example, the background color can be changed by right-clicking in the graph are and selecting Chart
Properties. The appearance of the line (color/weight) can be changed by right-clicking on the curve and

selecting Curve properties.

Make any desired changes 7

to the appearance of the
plot.

Cﬁn Properties...

Copy Clipboard

Hide
Delete

Export CSV

We will now plot the value of the torque that is desired
to drive the wheel at the specified motion.

Right-click the Revolute joint in the Motion Model
Manager. Choose Plot: Rotary Motion Generator:
Moment Z. Modify the appearance of the chart as
desired.

The plot created shows a constant value of torque.

Angular Vel - Z-Revolute

1200

vd

Angular vel - Z {deg/sec)

Moment - Z-Revolute

175

Morment - Z {pound_force-inch)

@
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y _17.03
Right-click on the y-axis and select Axis 2 5
Properties. Under the Numbers tab, 2 1=
change the number of decimal places to 2. 2" dwsrroperties.. E
_ . s 2 16.53
The torque required to produce the motion is E=
seen to be 16.53 in-1b. ™~
—
We can check this result by applying the equation =
=]
Z M = lo = je02
Delete the simulation results by clicking on the calculator icon in the SMOSMotior
Simulation Panel. Right-click on the part name (Wheel) and select
Properties. e b
Since we defined the material of the wheel when creating the part, we can
leave the source of the properties as “Part”. The mass moment of intertia
about the Z-axis that was previously calculated (609.3 Iby-in?) is
shown. Edit Part K
2 % Apply
It is necessary to use a consistent set of units to apply this Mass |ICs | Propettes
equation. The mass properties of the wheel were calculated with _
Ibm (pounds-mass) as the units of mass. — ‘gl .
Source: (%) Part O Material O Custom
A pound is a measure of weight, not mass. A pound-mass is the Densiy: [0.27818 | pound mass/inch™3

mass of an object that weighs one pound at sea level. o5 propettes
Source: (#) Part (O Custom

To convert weight in pounds to mass, it is necessary to divide by Mass: 40023 | pourd face

Center and Principle Axes in Part coordinates

the gravitational constant, 32.2 ft/s” or 386.4 in/s®>. Since the inch % ¥ z
. . . CM: -1.079102 0 0715295 inch
is our unit of length, we will use the latter. Therefore I, the mass TG
moment of inertia, is: S ey 0
Z hsis: 0 0 1
609.31b-in? :
|=—"——=1577Ib-in-s’

| n Moments of Inertia( pound_mass-nch™2
386.4— e (31475 | by (314759 (ke [609.324
S

The angular acceleration oo must be expressed in radians per second squared:
o= (600 d@j nrad | _ 104770
S 180 deg S

The torque can now be calculated as:

M =T =lo.=(1577 Ib-in ~sz)(1o.47@) =16.5in-1b
S

This result agrees with the COSMOSMotion result.
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Note that the torque required to produce the constant acceleration is also constant. Therefore, the torque

would need to be applied instantaneously, which is impossible. If

our goal is to reach a constant angular

velocity of 1200 deg/s (200 rpm) in 2 seconds, then we may consider a motion profile that starts with an
acceleration of zero and ramps up to a maximum value and then ramps back down to zero. In this case,

the torque is allowed to ramp up and down smoothly.

Edit Mate-Defined Joint

Click the calculator icon on the Simulation Panel to delete
the previous results. Right-click on the Revolute joint in
the Motion Model Manager and change the Motion Type to
Velocity. Select a Step Function with an initial value of 0
deg/s, a final value of 1200 deg/s, a start time of 0 seconds,
and an end time of 2 seconds. Click Apply, and run the
simulation.

The graphs previously created are refreshed. Note that the
angular velocity profile is an S-shaped curve, as the
acceleration (the slope of the velocity curve) begins and ends at
zero and peaks in the middle. The torque now smoothly
increases to a maximum value at a time one second and
smoothly decreases back to zero. Although the peak torque

;} ."_-‘/

Mation | Friction | FE&

[ Rewvert ” Apply ]

Fropertiez

Matianfr; | Rotate £
Mation Tge: | Yelocity
Initial Displacement: |-

Initial \Welocity:

Initial Y alue:
Final Walue:
Git Step Time:

End\{ep Time:

(24.79 in-1b) is higher than before, the smooth torque curve is
preferred. In particular, the jerk (rate of change of acceleration) is

Angular Vel - Z-Revolute Moment - Z-Revolute

S

no longer infinite.

1200

2479

//

%

N\

Angular el - Z {deg/sec)
Mament - Z {pound_force-inchy

0.80 1.00

Time (sec)

12

Moment - Z-Revolute

Delete the results. Set the duration of the
simulation to 3 seconds. Repeat the
simulation.

Notice that the angular velocity remains at
1200 deg/s after 2 seconds. Also, the torque

remains at zero. If no friction is present in the
model, then maintaining a constant rotational

Moment - Z (pound_force-inch)

speed requires no torque.

3.00
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Return to the FeatureManager and delete ~|fement—zRevlute

the Wheel part. Insert Wheel 2, and add 3405 -
concentric and coincident mates as
before. Switch to the Motion Model /

R
R
kS

revolute joint to velocity, with a step

Manager, and set the properties of the /
function as described above. Run the .

simulation.

Moment - Z (pound_force-inch)

o
in

\

Note that the peak torque is 34.05 in-Ib,
which is 37% higher than before. This

\

increased torque is proportional to the oo
increased moment of inertia of the new LT G S
wheel.

1.80 210

240

270

3.00

Analysis of a 4-Bar Linkage

We will now analyze the motion of the 4-bar
linkage shown here. We will specify a constant
rotational velocity for the crank and will find the
velocities and accelerations of the other links, the
torque required to drive the mechanism, and
forces at the pin joints.

NOTE: This analysis will not predict the stresses
in the links, since the links are assumed to be

rigid. However, the forces calculated can be used
as inputs to finite element analysis.

Open a new assembly. Insert the frame link, and
then insert the other three links in the
approximate locations shown.

Switch to the motion model. | B 7 ,Ja
When prompted to add the
parts to grounded and q@ e

moving parts in the motion )
model, click Yes. Open the Simulation Panel. |COSMOSMotion - No simulation

CONNECTOR

R ——
Throughout this tutorial, any message boxes >

can be deleted by selecting Dismiss. "

Note that there are 18 DOF, six for each of the three moving links.

Click the calculator icon to run the simulation.

The moving links will all fall off the screen, as the motion model includes gravity.

Click the calculator icon again to clear the results and reset the components.

Frame:

S £ 1
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Add a coincident mate between the back face of the crank and the front
face of the frame. Add a concentric mate between the corresponding
cylindrical faces of the frame and crank. Be sure to select faces and not
edges; if edges are selected, then the resulting joints in the motion model
may be incorrect. Close the Mate PropertyManager, and select
Calculate from the Simulation Panel.

A revolute joint, which constrains five degrees of freedom of the crank, is
created, and the number of DOF is reduced to 13.

Add coincident and concentric mates between the frame
and rocker, creating another revolute joint and reducing
the number of DOF to 8. Move the crank and rocker to the
approximate positions shown here.

Add coincident and concentric mates between the
crank and connector, creating a third revolute joint
and reducing the number of DOF to 3.

Finally, add a concentric relation between the
connector and the rocker.

& Motion Model
P Assembly Components

= 5& Farts
= QE: Moving Parts
+ B& Connector-1

Although the symbol that appears on ___ e
the last joint appears to be that of a — AR
cylindrical joint, in the Motion Model
Manager it is identified as a concentric
joint. A cylindrical joint would place

redundant constraints on the model. =— . N : % E;iﬁ:%l
(The revolute between the crank and ' - 5% Ground Parts
connector has already constrained the rotations about the x and y + 5% Frame-1

axes of the connector. Therefore, the new joint is defined to
constrain only the x and y translations of the pin joint.) The _
Simulation Panel now shows the number of DOF to be one, which =4 Joints _

means that the mechanism can be completely controlled by #- R Concentrics

driving one on the links. +<8 Revolute
+ % Revolute2

+ - Revolute3

= @ Constraints
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To define the starting position of the mechanism, we will set the crank tobe
perpendicular to the frame.

Add a perpendicular mate to the faces shown
+ % Connector<1>

here. Switch to the FeatureManager, and _ ) Mates
right-click on the perpendicular mate just & Coincident1 (Frame<1>,Crank
Created Select Suppress % Concentricl (Frame<1> Crank

% Concentric2 (Frame<1>Rocke

§ Coincident2 (Frame<1>,Rocke

% Concentric3 (Crank<1=,Conne

% Coincident3 (Crank<1>,Conne

§ Concentric4 (Rocker<1>,Conn

% Perpendicularl (frame<1>,Cr
o]

This will remove the constraint defined by the mate (and the corresponding joint in the motion model),
but the orientation of the links will remain.

i i i = & Constraint
We will now define the motion of the crank. $ Constraints

<&y Joints
Click on the plus sign next to Joints in the FeatureManager. As you = Concentric4
click on each joint, the joint will be highlighted in green on the + & Revolirte
screen. Select the revolute joint that connects the frame link and the - Revolute2
crank. ¥ &y Revolute3
Right-click on the revolute joint, and choose Properties. Set the _—
motion type as “Velocity”, the function to “Constant”, and the i:l" o
angular velocity to -360 degrees per second (60 rpm).
In COSMOSMotion, the positive direction for applied rotations is w.iamﬁf:ﬁ -
clockwise, which is the opposite from most the typical “right hand T
rule” sign convention. (Align the thumb of your right hand along the Furgion. | Corsint v v
axis of rotation, and your fingers will curl in the positive direction of brgurVelsiy 50| degises

rotation.) Velocities and accelerations from the analysis generally
follow the right-hand rule convention, but extreme care should be taken in evaluating the signs.

Note that arrows appear on the joint name in the FeatureManager and on the joint itself, indicating the
there is applied motion on this joint. The number of degrees of freedom is now zero.
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Click on the Simulation Settings button

COSMOSMotion Options

on the Simulation Panel. Under the /CO

_SMOSMotion :

World | Display || Simulation || Solver | Animation || Results

Simulation Units

World tab, make sure that the gravity is
on, with a value of 386 in/s?, with the
gravity direction in the -y direction, as
indicated by a -1 in Y box. (The

Force: |Ibf ]

Time: | Sec v

Gravity Parameters

[] Gravity On
gravitational constant can be reset by L 306220724 @
. - M . Direction
clicking the icon next to the numerical value.) : : .
X Y| Z:

Under the Simulation tab, set the duration to one second and the

number of frames to 100.

‘@ Couplers
a5 Motion
= § Forces
B Springs
K Dampers
& Bushings
%, Action Onh:
Ry Actior Ad:{:ﬁc’:ion—[}nly Force
= [F] Results Add Action-Only Moment
'JT Trace Path | |

Before running the simulation, we will add a force to the open hole
of the connector.

Right-click on Action-Only under the Forces and select Add
Action-Only Force.

Select the edge of the open hole on the connector
as the component to which the force will be
applied (by selecting the hole, both the component
and the location of the force will be selected).

Insert Action-Only Force

;P ."_.‘/

Diefinition | FE& | Function | Properties_

Force Type: [ Linear v
| S_g!ec:t Componen_t to which Force iz Applied:

| S Cornector-1

| Select Reference Camponent ta arient Force:

| Select Location:
& Cormector-1/D0ME dge?
| Select Direction:
[ % Comnector-1/DDME dge2 |

i

LYy

Insert Action-Only Force
ﬁ "‘/

Definition | FE&

Select the ground link as the reference-
direction link.

Function | Properties

Farce Type: | Linear |

Select Component to which Force is Applied:
% Connector-1

\ Select Reference Component bo orisnt Force:

% Frame-1

Select Location:
& Comnector-1/D0ME dge?

Select Direction:
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In the Select Direction box, delete the entry in
the box. With the box highlighted in pink, select
the top face of the ground link. The direction of
the force will be perpendicular to this face.

The force is now shown

acting upwards. Click on the Insert Action-Only Force
arrows to change the & 2 2
d i recti on. Definition | FEA | Function Praperties |

Force Type: | Lingar [v]
Selx_act Component to which Force iz Applied:

==
@_‘. Connectar-1
Selgct Reference Component to orient Farce: )
& Frame-1 +

Select Location
2] Cnnnector:‘l /DOMEdge2
Select Direction:
% Frame-1/DDMFace17 |

Select the Function tab and set the force to 20
pounds, and click Apply.

oo

'Edit Action-Only Force
o

Definition | FEA | Function | Properties

Function; | Constant | %

pound_force

Check the mass properties of each of the moving parts by right-clicking on each and selecting
Properties.

If you defined the material of each part as steel, then the density box should display about 0.28 pounds per
cubic inch. If you did not define the properties, then the value defaults to the density of water (0.036
pounds per cubic inch). You may override the part-defined properties by selecting a new material here or
by entering a density value.

Run the simulation by clicking the
& Motion Model

CaICUIator iCOﬂ. W Assembly Components
= % Farts
.. . =% Moving Part
Velocities, accelerations, forces, and : @f\gf — :
" Plot 4 Angular Acceleration 4
moments can now be plotted. o $ crg Angular Kinetic Energy

+ % Ro{  Add Result Object *

558 Ground Farts Angular Momgntum about CM »
To view the angular velocity of the Y = 5 Frame-1 Q:ygaur:: ;:;:Z:w : iESIEESESEI
connector, right-click on the connector o Joints CM Acceleration d ﬁponem
under Moving Parts, pick Plot-Angular 3 Conourirc v e
Velocity-Z Component. +-& Revolute? Euler Anales »




Introduction to Solid Modeling Using SolidWorks 2006 \ COSMOSMotion Tutorial Page 15

By moving the slider bar on the
Simulation panel, you can find the
approximate position of the
mechanism at which the
magnitude of the angular velocity
of the connector is maximized.

@
&

v

S

/
\l/

000 010 020 030 040 050 080 070 080 090 100
Time (sec)

Angular Vel - Z (degisec)
"

-271

To remove the graph, right-click
on it and select delete.

COSMOSMotion - Simulated 1 sec, 101 frames @
% Fj it = M Mode ToEnd  |v
}Ax Tine: 076 | sec Frame: |77
& 1]} DOF: 0

You can add graphics showing the directions and relative magnitudes of the velocities and accelerations
of any point.

Under Results, right-click Velocity and select Create Velocity. Click on & g resuts
the edge of the open hole, and an arrow showing the velocity will be ¢~ Trace Path

£ Linear Disp
added. 7y Angular pisp

. . Edit }Felocity Graphic A7 Welg Create Velocity
Repeat with Acceleration to add an £ S = 7 Acce
. . Fropese, 4§ Reaction Force

acceleration graphic. At ettt e i "B x¥ Plots

o ,,--"*j\ﬁ

J
] ol

As you move the slider bar on the Simulation Panel, the e

- T ‘

velocity and acceleration arrows will change direction
and length.

EO_SN_‘.QSMoﬁcn - Slmuh;\dH sec, 101 frames _ E.'i

g M E e (T m

Tow 053 | wac Framer |94
= i] DOF || (Estenatnd) [ Colcinie. |
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You can also add a trace path, which shows the position of a

point throughout the simulation.

Right-click Trace Path, and select Create Trace Path.

Select the edge of the open hole as the location.

The trace path will be displayed, with a pencil icon showing

the current position of the trace point.

Each of these graphic
elements is stored in the

--J[ Results
=~ Trace Path
+- {3~ TracePath

o

i
A~

1%%\' ]l'.

T

)

—

Results section, from where & Linear Disp
|t can be edlted or deletEd. D Angular Disp COSMOSMotion - Simulated 1 sec, 101 frames ﬂ
-/ Velocity 2 e T e

A VelocityGraphic

-1-/% Acceleration
/4 AccelerationGraphic
th Reaction Force
"B xv Plots

To display the torgue required to
drive the crank at 60 rpm, right-
click on the revolute joint for
which the motion was applied, and
select Plot-Rotary Motion
Generator-Z Moment. At the
position shown here, the maximum
torque of 62.3 in-1b is required to
maintain the velocity of the crank.

Woment - Z (pound_force-inch)
o
" o
e

LA
/

000 010 020 030 040 050 060 070 080 050 1.00
Time (sec)

.

DOF0 | eimated [ Caodsn

COSMOSMotion - Simulated 1 sec, 101 frames

@m«d L

(]

=S

Made: | ToEnd |
Time: | 0.8 sec Frame: 81

[Estimated)

DOF: 0

To save the actual data displayed on the graph, right-click on the graph
and select Export CSV. This will create a data file that can be opened in

Excel.
As we see here, the torque is A | B | ¢
. . . | 1 |Moment - Z-Revolute
about 30 in-Ib at the begmnmg of | 2 | Time (sec) Moment - Z (pound_farce-inch)
i i 3 0 29.963
the simulation. Ea oo e
5 | 0.02 32.096
6| 0.03 33.226
7] 0.04 34.346
8 | 0.05 35.417
9| 0.06 36.399
10 0.07 37.254
1] 0.08 37.942
EA 0.09 38.423
13 0.1 38.660

T

Chart Properties...

Copy Clipboard

Hide
Delete

==
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Since the rotational speed is fairly low, you may assume that the inertial effects of the accelerating links
are small compared to the applied 20-pound load. Confirm this by changing the rotational velocity.

Delete the results by clicking on the calculator icon and change the rotational velocity of the crank
by right-clicking on the revolute and selecting Properties. Change the velocity to —36 degrees per
second (6 rpm). Change the duration of the simulation to 10 seconds and run the analysis.

Note that the maximum torque is only slightly less than for the previous analysis, about 61 in-Ib. Further
evidence that the inertial effects are low can be seen by conducting a static force analysis, as is shown in
the hand calculations on pages 19 and 20. Ignoring both the accelerations of the members and the
member weights, it is seen that a torque of 29.4 in-Ib is required for static equilibrium of the mechanism
when the members are in their starting positions.

Delete the analysis results. From the Simulation Panel, choose the Simulation settings and turn
gravity off. Run the analysis, and save the torque results to a CSV file.

This result for the torque at time =0 agrees with that calculated in {2 _ | B |
the hand analysis. An analysis in which the inertial forces are 2|  Time(sec)  Moment -Z (pound force-inch)
small is sometimes referred to as a “quasi-static” analysis. = > e
Although a static analysis produces good results if inertial force % 02 31212
are low, the advantage of our computer solution is that a 7] 04 33107
complete revolution has been considered. The hand calculations - v e
only apply to a single point in time, which of course may not be % o1 501
the time at which the forces are maximized. 2] 09 36.367

Delete the results by clicking on the calculator icon and change the rotational velocity of the crank
by right-clicking on the revolute and selecting Properties. Change the velocity to —3600 degrees per
second (600 rpm). Change the duration of the simulation to 0.10 seconds, turn on the gravity, and
run the analysis.

1 | Moment -‘?Z-Revolute | . |
The maximum torque is now found to be about 270 in-Ib. Atthis [2]| Time(sec)  Moment-Z (pound force-inch)
higher rotational speed, the inertial effects of the members now i 0001 o
make a large contribution to the solution. By saving and viewing |2 o g
the .CSV file, we see that the value of torque at the beginning 7] 0.004 25.08
position (crank is vertical) is 6.49 in-Ib. This value is verified in |5 (oo B
the dynamic analysis hand calculations beginning on page 21. 0] 0.007 38.99
Simulation results can be exported as Excel spreadsheets. For —
example, we can export force on joint between the crank and BN s o] R B
connector (Revolute3). T e i

®-Ry Forcedl hl

Add 1 Cupes Mew Plat
I
kg

From the menu, select Motion-Export Results-To Spreadsheet. oz~
For the Element with Results, select the Revolute3 Joint. For il
the Result Characteristic, select Force. For Components, select
X.

Element Result Component

Set Coordinate System ] Set Reference Frame

Flot Title Cur.. | Coordinate Sps... | Reference Frame
B Plat 1 o Aszem] Asseml
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Export Results to Excel
We will plot both components of force (the Z-direction force is Elements th esus r—— Compenents:
zero) and the magnitude on a single graph. o f
2 mov
. +-M Forcedl Rl
Click on Add 1 Curve and select Revolute3-Force-Y. —
Cument plot
Click on Add 1 Curve and select Revolute3-Force- ™ — — e
- IEment 2zl omponen| ~
M ag n |tU d e . ~ Revalute Force ®
A Revolute3 Force: N
™ Revolute3 Farce Magritude | %
NOW Select Add 1 Cu rve and OK. Set Coordinate Spstem ] [ Set Reference Frame
Plat Title Cur... | Coordinate Sys... | Reference Frame
5 Plat 1 3 Aszem] Azzem]
Help 0K Cancel

Excel will be opened, and the graph displayed. The
actual numerical data is stored on Sheet 1 of the
spreadsheet.

Note that the value of the pin forces at time = 0 (X-
component = -2.16 pounds, Y-component = 23.55
pounds) agree with the hand calculation results for joint
“B” on page 30.

Edit the graph in Excel to
make it look the way you want.

Force, Ib
150.00 -

The graph type is a Line graph.
You may want to right click on
the graph and change the graph
type to XY plot to have more
control of the graph’s
appearance.

100.00

50.00

0.00

_~Y-Component

Plot 1

CS=Assem1, RF=Assem?

Pin Forces - Crank to Connector Joint

Magnitude

-50.00

-100.00 -

0.00 0.01 0.02

Video files are easy to create.

X-Component

0.03 0.04 0.05

Time, s

0.08

0.07

0.08

0.09 0.10

Select Motion-Export Results-to AVI Movie. Set the path to which the file will be saved, and OK.

Note that the Simulation Panel and any results windows will appear in the movie if they are open in the
model area. To play the movie, go to the directory where you stored it and double-click on the file name.




2 STAEDTLER

FORCE ANALYSIS - STATIC CASE

0lb

1 \
Q9
i A A " P i el
: 7.00

FREE BoDY D!AGZAA OF < onNECTOR !

J—

f—————— 57— 5.714 ~—

.832 | 75.09°

CD (2-Force NEMBEL)

By

A

™
2
®

(5.71411.)CD 4ea(75.09°) + (1.8321)C D caa)(75.035°)
- 205714 AN (20 b)) =
CD = 38.14 b
Bax — (38.141g)co”(75.09) o
B, =983 b
TFy - By + (38.1416) am (75.09°) =20l = O
By, = -16.86\b

M
2




2) STAEDTLER

. FREE BODY DIAGLAA OF CRANK

G
— Bx ZMa= <3‘;\>Bf>< +T

= O

T = =) 9.2131b)

Aq(@ Tz = 2544 1 lb
Ay

—r: 29.““ ln-“OC l

NotTe THAT cCosmosMoTiond REsSULT 1S fOos:iTiul,

A

COSMOSMoTior USESCwW AS Pos(TuE,

20




No. 937 811E

ER

2) STAEDTL

engineers Lomputation Fad

S RS RN S PSR SRR WSt

=|

VELocCITY ANAL.?___;/S

- e ANt Bw, = 188.5 %
Ar&
3,00
®, /\rBX: -13g.5%
A -
N—BA&-' )
/\)‘g‘ c /\)—’Q: Sw‘.’ )

on® 1 e (150

= -4, 832w,

/\I’B? z -G e (7519

= -1,286 @




Computation Pad

937 811E

neers

e
DTLER

2 STAEL

7 o 4

P 2 -

AT AU, AN

o —H.832wy = —183.5 —1.834 @,

Aa,: -]. 286 w, = o +5.71 3w,

4 s ‘/‘ » ‘
o | 1839 -4%37_‘)/ w,) [ -is35
| —
-5.7i3% -I.ngo‘(twh{ {

- - v ad] ~4Ly de3/>
SoLvTiod ! (_.0.)3 = &, 0950 >z ( ‘ 5

de
=z 35.94 "% (2060 %Y%)




0. .

2 STAEDTLER

23

Accercertion ANALYSLS

: Y
= mniitation Pa
Engineers Computation Faa

. aBN = UZ)ZP
oL, .
LS Q'BN - <é283f‘1231(3“‘>
e | = Ilsde Y
aB'(’::(::> (0{1”-0)
O\B/)C = O
= - o " AN
ab~? - ”/Bq i
aa@ . C a(_;\\ = CQ)ZF’
\/ 7517 = (25,947 %)* (S..)
¢ Aey
)
7. % _ _
°<"/ acT - o(f-‘ - SO<4.!

o _ . }’°
QAex= 6458 cor(75.17) Sty 24 (75:17)

= [66] - 4.83Z Xy

= L6458 e (15.1°) = By cens(75.1°)
C(C,% - .

= =624l - ].286 Ky




2 SIAEDTLER

|

l, |

SoLuTion ;

2-

< GereT ) 2
N 17.8° Qeigy = @7r
- = (8.099™%)* (6,n)
Qc/gn
g ©s = 293 | "=~
oA 4 .
A /BT = D(F = Q)d.3
QAejgp = - 393, c(17.8°) = ©X5 o8 (17.8°)
= -374.3 = 1334 K3
Qeloy = ~393.1 g (17.8°) + G oty e (17.8°)
= —-]20.2 + 5, 713X5
—_ —_— —
Lt 1ebl-4E3zey T 0 - 3743 -1239
"é': 624l = 1.286 Xy = —I,894 —({20.2 +5.7/3 0(3
or
-5.713 —1.286 = ~5719

3~ 334, 9 rqdéz (“{7,%00‘ "CS/SL>
y * 738,0 f‘adét ( ‘12) 2 oo dczz)




) €

[ (]

“"'fﬂ'L

STAEDTLER

»

AcceLELrTions of

I N

C&'s OF MEM RELS

CRANK :

G~ O

RocKER. -

@, = 62.83 V.

X, = O
a, = @?r=(62.22)1.5)
= 5921 "WV
A= O
ayx = O

Ay = ~5921 4

ad
@, = 35. 94 "%
Xy = 738 MY
A, = wr = (35.94)(2.8) = 3229
Qg Ar= 738(2.5) = (8958
Cly = 2229 com (75.1°)
- 1845 ax. (75.1°)
ay = -3229 4k (15.1°)
—1845 cen (75:1°)

C¢7‘ = _'952,7 ln/S"
Qy = - 3595 "4z




%) STAEDTLER

26

CONNCCToR "

—

— —

ag: “8401"/51_‘7

@*r = (8.o94)(6)= 393 %

Aao/BN
Reggr = A = (834.3)(4) T Soos e

O - 393.| (W 1T1-8°%) = 5009 (o 17.2%)

QC\X =

QAay = —II AY4O - 2393 (4l (7.5°) + 56009 (e (7.8°)
Ax — -1906 M/s”
07/ = - 7‘9( V‘/s"

NOTE : AN ALTERNATE METHEOD ofF FIPD /00 Tuis ACCECERATION 15 T
NOTE THAT THE C& CoINUNES W\TH Poi~ <, widicHd |s Acse A

PoIPT o THE Rockek. SINCE C 15 TwitE AS FAL Flom THeE
PrvoT PoiRT Ag comPALED To THE <& OF THE pueken, ITg
ACCELEATION 1S ZX TUAT OF THE <,




DYN AMIC Force ANALYS(S.

27

W= 00,2359 |b

M =0, 2353 b (3864 24) =
O. cooglos s,
L= 0.276k 1w /(3864 152
=z 9. 0oTI4S \b.s*.n
A= O .

Ay = O

Qy:z -5921 "%
TPz Ax #Bx=may =O
Ax"‘ Bx =O J ®©
ZF%:A‘3+ 13‘3 -, 2359 = may

= coo6los(~5521)
Ay & By = =2.379 1b|D)
W= T =1L58x+1.5Ax = 1k :=g

A4

[LGoAx —1.508, +T=0l®




2) STAEDTLER

W =0, 3750 b

= Q.00 2587 lb-s* iy

A= 728.0 Y~

2.416

Dx Q, . -952.7 "

E-F'K - C—x b D»x = Mma, = ,0009705(‘952,.7)

Cux*t Dy = —. 9246 | @

ZF, = CM& + D‘& —. 3750 = ma, = 0003705 (-3595)

>

rc? c Dy = “214 |

Mgz 2416 + 2,416 D, —L 6432y
+.6432 Doy = TX = 002557 (733.0)

=260, ~ 61320, + 216D, *.6432 Doy = l.eaT

m= ©.3750 1b/(386.4 %)

= o, 0005708 tes 7

T = 0.5 820 !b‘f'-!"/(SBE-“I?;




2 STAEDTLER

CONNECTOR. *,

S

Wz 03482l mm=.8482/G86c4 ‘%) = 0.002195 b
T= 1021 16rnr/(380.4 %) = ©.0290 Ib-s% i

A= 8349 fd . Ax= -1908 g &y 2 -7190 st
SFy: —RBx “Cx = ma, = ,oozios (-905)

—B, vy = —4.18] D

TFa = "By -Cy -.84BL-20 = meay
z . 002195 (.‘7190)

[~y ~C., = 5066| ®
ZMQ: ‘1'832-%,7‘ "\"‘5;7/4«5? _5,714(2-03?1%
= .0200(234.9)

—1.832Z B,y + 5714 By = 133.5| &




9 SIAEDTLER

oy

SOLUTION OF SIMULTANEOVS EPUAT/IOVS /

[1 0 1 0 0 0 0 0 0](A, [0
15 0 15 0 0’ 0 0 0 0]|A, -3.379
150 -15 0 0 0 0 0 1||B, 0
00 0 0 1 0 1 0 0}|B, —.9246
00 0 o0 0 I o 1 ofict = J—3.114r
00 0 0 2416 -6432 2416 .6432 0]|C, 1.887
0 0 -1 0 -1 0 0 0 0|lD, ~4.181
00 0 -1 0 -1 0 0 0|/D, 5.066
| 0 0 -1.832 5714 ¢ 0 0 0 0]{T) 138.5
SoLvuTioN
PiIY FoaceEs:
A,x = 2.6 \b fo: —2.16 b
Ay = —26.81b Bay: 2251h
Cr= 634 \b D = -7.271b
C?; -28.6lb D.é_: 25.5 1b
Toapwe *

T= =6.49 inlb

', TORQUE DlaEcTioR \S CW




