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& WELCOME TO BASIC ADAMS TRAINING

ADAMS Full Simulation Package is a powerful modeling and simulating
environment that lets you build, simulate, refine, and ultimately optimize any
mechanical system, from automobiles and trains to V CRs and backhoes.

Basic ADAMS Full Simulation Package training teaches you how to build,
simulate, and refine a mechanical system using Mechanical Dynamics, Inc.’s
ADAMS Full Simulation Package.

What's in this section:
= About Mechanical Dynamics, 10
= Content of Course, 11

= Getting Help at Your Job Site, 12



About Mechanical Dynamics

Find a list of ADAMS products at:

= http://www.adams.com/mdi/product/modules.htm

Learn about the ADAMS—CAD/CAM/CAE integration at:

= http://www.adams.com/mdi/product/partner.htm

Find additional training at:
= http://support.adams.com/training/training.html

= Or your local support center

10 Welcome to Basic ADAMS Training
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Content of Course

After taking this course you will be able to:

Organization of guide

This guide is organized into modules that get progressively more complex. Each module
focuses on solving an engineering-based problem and covers mechanica system simulation

Build ADAMS models of moderate complexity.
Understand ADAMS product nomenclature and terminology.

Understand basic modeling principles and extend your proficiency by creating
progressively more complex models.

Use the crawl-walk-run approach to virtual prototyping.

Debug your models for the most common modeling challenges (for example,
redundant constraints, zero masses, and so on).

Use and be informed about all methods of ADAMS product support.

Use the product documentation optimally.

(MSS) conceptsthat will help you use ADAMS most optimally. The earlier workshops provide
you with more step-by-step procedures and guidance, while the later ones provide you with less.

Each module is divided into the following sections:

1

2
3
4

Problem statement
Concepts
Workshop
Module review

Welcome to Basic ADAMS Training
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Getting Help at Your Job Site

Online guides

Access help on help from

= Help menu of any ADAMS product

= Help tool @ on the Documentation Road Map

3 ADAMS: Mechanical Dynamics - Dynamic Dimensions, Vol 3 - Netscape

Knowledge base

File Edt View Go Communicator Help

< e A g e o

s=n

el e e e G
Goto http :/Isu ppOI’t.adamS_ com/kb : " Bookmaks & Netsite [Ftp: A dams.comimdimensddpndinfvala_kbiour him )
- : _A DAMS ‘ Investor Relations
For a quick tour, go to http:// : e T
q ) g p Aﬁuzhapical n 'ﬂmiﬂ Dimensions Table of Contents

www.adams.com/mdi/news/dyndim/
vol3_kbtour.htm

ASK email-based users group

Go to http://support.adams.com/support/
tech_ask.html

Consulting services

Go to http://support.adams.com/support/
cnsltsrv.html

Technical support

4 Dynamics

Tap Story

Dynamic Dimensions
Neusletter

Hews Releases

Article Reprints

NS
CusTOMER
SERVICES
COMPANY INFO

WORLDWIDE
SALES

Search

Take a Quick Tour of the ADAMS Knowledge Base

Hawe you wisited the ADAMS Knowledge Base recently? It not, you'll find 2 wealth of technical information at
your fingertips

Developed as a tool to help our Technical Support staff anawer fraquently asked questions, the Knowledge
Base has expanded beyond the FAQ theme to include tips, demos, sample models and macros, technical
publications fram our Product Development and Consulting staff, and downloadable patohes. All of this
information is now being made awailabls via the Internet at hitp:support. adams.comikb

Here's 2 quick tour ofwhat you'll find when you visit the Knowledge Base

Knowledge Base Help Search Help

|

£: The Menu tab provides options for querying the Knowledge Base and links you to Help options,
ip~diea0 2 1 bteas adasPsarsePateh Dt

To find your support center, go to http://support.adams.com/support/suppcent.html

To read the Service Level Agreement, go to http://support.adams.com/support/sla_agree.html

12
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STAMPING MECHANISM

Understand the virtual prototyping process by improving the design of the
stamping mechanism shown next:

Control
link

Stamp
/

‘ Linking
pad

Parcels
Conveyor

What's in this module:

= Virtual Prototyping Process, 14

= Workshop 1—Stamping Mechanism, 15

o Module review, 21

13



Virtual Prototyping Process

DESIGN
PROBLEM

Cut time
and costs

Increase
quality

Increase
efficiency

IMPROVED
PRODUCT

14

Validate

lterate

Optimize

Automate

...a model of your design using

Bodies Forces
Contacts Joints
Motion generators

...your design using

Measures Animations
Simulations Plots

...your model by

Importing test data
Superimposing test data

...your model by adding

Friction  Forcing functions
Flexible parts
Control systems

...your design through

variations using
Parametrics
Design variables

...your design using

DOEs
Optimization

...your design process using

Custom menus
Macros
Custom dialog boxes

Do results
compare with
measured
data?

Stamping Mechanism



Workshop 1—Stamping Mechanism

Problem statement

Understand the virtual prototyping process by improving the design of the stamping mechanism
shown next:

Control
link

Stamp
/

Linkin
‘ pad J

Parcels
Conveyor

Model description

= Thismodéd represents a mechanism for stamping parcels that are moving along a
conveyor belt.

= During the work cycle, the stamp does not contact the parcelsthat it is supposed to
label.

= Tofix thisdesign flaw, modify the length of the control link.

Stamping Mechanism 15



Workshop 1—Stamping Mechanism...

16

Start the workshop

Y our first step will beto start ADAMS/View fromthedirectory exercise_dir/mod_01_stamper.
When you start ADAM S/View from that directory, it automatically buildsthe model stamp and
afully customized version of ADAMS/View.

There are separate instructions for starting ADAMS/View in UNIX and Windows NT. Follow
the set of instructions below depending on the platform you are using.

IT you are using UNIX, to start ADAMS/View:

1 At the command prompt, enter the command to start the ADAMS Tool bar, and then press
Enter. The standard command that MDI provides is adamsx, where x is the version
number, for example adams11, which represents ADAMS 11.

2 Fromthe ADAMS toolbar, right-click the ADAMS/View tool £|
3 Select Change Settings for A/View.
The Change Settings for A/View dialog box appears.
4  Select Working directory.
5 Right-click the Working directory text box, and then select Select a Directory.
The Select a Directory dialog box appears.
Select the directory mod_01_stamper (exercise_dir/mod_01_stamper).
Select OK.
From the Change Settings for A/View dialog box, select OK.
From the ADAMS toolbar, select the ADAMS/View tool.

© 00 N O

ADAMS/View starts and automatically imports the commands to build:
» Mode named stamp.

= Fully customized version of ADAMS/View.

After importing the commands, an Information window appears.

10 Read the information describing the model, and then, in the upper right corner, select
Close.

Stamping Mechanism



Workshop 1—Stamping Mechanism...

IT you are using Windows NT, to start ADAMS/View:

1 From the Start menu, point to Programs, point to ADAMS 11.0, point to AView, and then select
ADAMS - View.

ADAMS/View starts and the Welcome dialog box appears.
2 From the Welcome dialog box, select Import a file.
3 Click thefilefolder.
The Find Directory dialog box appears.
4  Find and select the directory mod_01_stamper (exercise_dir/mod_01_stamper).
5 Select OK.
The File Import dialog box appears.
6  Set File Type to ADAMS/View command file (*.cmd).
7  Right-click the File to read text box, and then select Browse.
The Select File dialog box appears.
8 Select thefile, aview.cmd, and then select Open.
9 Select OK.
ADAM S/View imports the commands to build:

= Model named stamp.
» Fully customized version of ADAMS/View.
After importing the commands, an Information window appears.

10 Read the information describing the model, and then, in the upper right corner, select
Close.

Stamping Mechanism 17



Workshop 1—Stamping Mechanism...

18

Change the model

In this section, you see how you can change the length of the control link (control_link).

To change the model:

1

From the Stamper menu, select Setting Up Model.
The Stamper_Setup dialog box appears.
Use the arrow buttons to modify the length of the control_link.

= The buttons shift the location of the top of the control_link upward and downward
3 mm at atime.

= The parts connected to the control_link are parameterized in such away asto move
the appropriate amount automatically whenever you adjust the length of control_link.

Watch the model change as you press these buttons.
To reset your model to the original configuration, select Reset.

L eave the Stamper_Setup dialog box open and continue with the next step.

Simulate the model

Now, you'll simulate the model to see how it behaves.

To simulate the model:

1

From the Stamper menu, select Simulate.

The Stamper_Simulate dialog box appears.

To simulate the current design variation, ensure that Single is selected.
To solve the equations of motion for the current design, select Apply.

Note: You selected to display the model at every output step. If you were to change
Model Update from At Every Output Step to Never, the model would not update on the
screen but solves faster.

When asingle simulation is completed, ADAMS/View tells you what the penetration was
during the simulation. A positive number indicates penetration.

To continue, select OK.

Leave the Stamper_Simulate dialog box open and continue with the next step.

Stamping Mechanism



Workshop 1—Stamping Mechanism...

Investigate results

Now you'll look at the results of the simulation as an animation and a plot.

To investigate results:

1 From the Stamper menu, select Investigate Results.
The Stamper_Investigate dialog box appears.
2  To seethe motion resulting from your last simulation, select Animate Results.

If necessary, use the stop sign in the lower right corner of the window to stop an animation
before it has completed.

3 Toplot the vertical travel of the stamper with respect to the parcel tops versustime, as
calculated from your last simulation, select Measure Stamp Height Above Parcels.

A strip chart appears, in which ADAMS plots the height of the stamp above the parcels.

4  Tosavean existing curve so that the next simulation curve will not overwrite the existing
curve, but will be superimposed on the saved curve, select Save Curve.

Manually find the correct height

Now change the model again to find the correct height at which the stamp makes minimal
contact with the parcels.

To find the correct height:

» Repeat the steps on the previous page until you can identify the control_link length at
which the stamp makes contact with the parcels, using 3 mm increments. Use this
value to answer Question 1 in Module review on page 21.

If stamp_height > 0, stamper does not make contact with parcels.

If stamp_height < 0, stamper makes contact with parcels.

Stamping Mechanism 19



Workshop 1—Stamping Mechanism...
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Perform a design study

Now you’'ll perform a design study. The design study automatically analyzes the model using
the specified upper and lower limits for control_link length, and the specified number of runs.
Default values are given, but you can modify them if desired.

To perform a design study:

1 Onthe Stamper_Simulate dialog box, select Design Study.
2 To speed up the ssimulation, set Model Update to Never.
3 Select Apply to submit the design study.

The design study automatically analyzes the model and a strip chart and Information
window appears when the study is complete.

4 From the Information window, identify the range of the control_link length values within
which the stamp makes contact with the parcels. Use this range to answer Question 2 in
Module review on page 21.

5  Close the Information window.

Perform an optimization study

Now, you'll perform an optimization study. During an optimization study, ADAMS/View
systematically variesthecontrol_link length and runsanumber of simulationsuntil the specified
penetration is achieved to within a set tolerance.

To perform an optimization study:

1 Onthe Stamper_Simulate dialog box, select Optimization.
2  Set the Desired Penetration to 4 mm.

Note: Noticethat ADAMS wraps the 4 mm in parentheses () to denote an expression. If
you did not enter units, ADAMS uses the default units set for the model.

3 Set Model Update to Never.
4  Select Apply to submit the optimization study.

The Information window appears, displaying the control_link length for a maximum
penetration of 4.00.

5 From the displayed value of the control link length, note the maximum penetration. Use
this value to answer Question 3 in Module review on page 21.

Stamping Mechanism



Workshop 1—Stamping Mechanism...

6

Select OK.
The value on the Stamper_Setup dialog box also updates to the optimized value.
Exit ADAMS/View:

= From the File menu, select Exit.

» From the dialog box that appears, select Exit, don’t Save.

Module review

1

Using 3 mm increments, at what control link length do you first notice penetration?

From the design study, what control link length results in penetration? How does this
compare with your previous results?

If you specify a maximum desired penetration of 4 mm, what is the optimal length of the
control link? How close is the maximum actual penetration from the maximum desired
penetration?

How many moveable parts does the model consist of ?

How many joints does the model consist of ?

What would happen if you deleted the conveyor belt?

Stamping Mechanism 21
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ADAMS/VIEW INTERFACE OVERVIEW

Use the ADAMS/View graphical-user interface (GUI) to manipulate,
simulate, review, and refine the model shown next:

Rocker

Rod
Guide
(ground)

Valve
Cam — —

What's in this module:

= Model Hierarchy, 24

= Renaming Objects, 25

= ADAMS/View Interface, 26

= Simple Simulations, 27

= Saving Your Work, 28

= Getting Help, 29

= Workshop 2—ADAMS/View Interface Overview, 29

o Module review, 38
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Model Hierarchy

ADAMS/View modeling hierarchy

= ADAMS/View names objects based on this model hierarchy. For example,
ADAMS/View names geometry as.model_name.part_name.geometry_name.

= To change the parent for an object, rename the object.

Simulations  Objects Mofrgg

tH
| | | |
Measures I Constraints I Parts Forces I

Markers I Construction Geometry I
Points

Components \\>Are not saved in model
command files (.cmd)

Analyses

Results Sets \

\
\

|

See also: Assembling Subsystem Models on page 182

24 ADAMS/View Interface Overview



Renaming Objects

ADAMS/View naming conventions

Simulations  Objects
I

.mod

More (

| | |
.mod.meas_l' .mod.joint_l' .mod.part_1

.mod.

run_1

.mod.spring_1 I

.mod.part_l.mar_l' .mod.part_l.point_li .mod.part_l.box_l'
|.mod.run_1.joint_1| \
\

|.mod.run_1.joint_1.fx|

2 Are not saved in model
command files (.cmd)

Renaming objects clarifies model topology as follows

Not
renamed

Renamed -

Ground Part: ground

Part grourd

I= connected to:
PART =
DART 4

wia
wia
Part DPART 1

I= comnected to:

PART 3 wia JOINT 3
PART 4 wia JOINT 4
PART_ 5 wia JOINT_E

Ground Part: ground

Part ground

Is connected to:
Upper_dmn  wia
Lower Amn  wia

{Revolute Joint)
{Revolute Joint)

Upper Pev Jt
Lower Rev Jt

Part Spindle

Iz comnected to:
Upper_drm wia
Lower_Arm  wvia
Tie Rod

Upper Ball Jt  (Spherical Joint)
Lower Ball Jt  (Spherical Joint)

via Tie Out Ball Jt (E8pherical Joint)

JOINT 1
JOINT

(Bevolute Joint)
(Bevolute Joint)

(Spherical Joint)
(Spherical Joint)
|Spherical Joint)

ADAMS/View Interface Overview




ADAMS/View Interface

ADAMS/View main window

Main toolbox

Model name

Menus

— Working
grid

Arrow 472

denotes
toolstack Q‘
El

I Mew Part j
[~ Length

I [40.Dern)

[ Wwidth

I (4. 0crm)

[~ Depth

I (2 0cm)

Hendell lcong I/

—Toolbox
container

26

File | Edt “iew Buld Simuate Bewview Sefings  Tools  Help

—~ View
triad

- Status bar

ADAMS/View Interface Overview



Simple Simulations

Simulation versus animation
» Simulations are solutions to equations of motion describing a mechanical system.

=« Animations display agraphical playback of previously completed simulations.

Simulation tool

Animation tool

Y
2
[}

i

L3

Simulation

| 4q| =

IDefault
Simulation End Time
time interval

Duration: relative
amount of time to
simulate over

Simulation
output

Step size: amount of

End time: absolute i
time between steps

point in time to stop :
simulation | Debuy More... | Steps: total number of

Rendar | lcons | steps in aspemﬂed
amount of time

ADAMS/View Interface Overview



Saving Your Work

Most common formats in which you can save ADAMS/View models
= ADAMS/View database files (.bin)

o Include the entire modeling session including models, simulation results,
plots, and so on.

o Aretypicaly very large.

o Areplatform independent in ADAMS 11.0 but all other versions are platform
dependent.

Eile Edit Wiew Build Simulate
/ﬂew Database

Beview  Settings Tools Help

Open Database
Save Database Cirl+5
\Save Datahasze As...

/7 Impor...

L Export...

Print... Cirl+P

Select Directory...

Exit

» ADAMS/NView command files (.cmd)
o Include only model elements and their attributes.
o Arerelatively small, editable text files.

o Are platform independent.

Other formats in which you can import and export data
» ADAMS/Solver input files (.adm)
»  Geometry files (STEP, IGES, DXF, DWG, Wavefront, Stereolithography)
» Test and spreadsheet datafiles

« Simulation resultsfiles (.msg, .req, .out, .gra, .res).

28 ADAMS/View Interface Overview



Getting Help

Referencing the online ADAMS/View guides

Doing global searches on any online ADAMS guide

Adobe Acrobat - [home.pdf] [_[o]x]
~iBixl

M File Edit Document Tools View Window Help

NeaBcE i+ OO0 %208 H

o8]

BTN T k)

‘. Examples and Mini-Tutorials

N

. Setup Guides
\

Shared Guides

'
Release Notes

b =

‘Copyright € 2000 Mechanics! Dynamic, Inc. Allights reserved. B Onder printed guides

Find Results Containing T ext

Adobe Acrobat Search

LClear

Indexes... |

Optio:

[ wiord Sterming [ Thesaurs
™ Sounds Like

[™ Match Case
V' Prosimity

|Searching inthe 101 Online Documentation incex.

B ADAME e Blossary

[T o Do (BT

v

ADAMS/View Interface Overview

.

Search Results =]
Title

Found 2 out of 60 documents.

[H: \Prwale\mm,sol\nufuocs\wew\wew,b\u\wew,w.pcu

|Adobe Acrobat - [view_bld.pdf]

Edt_Document Toos Plugins View Window Help

Buldng Modes in ADAMS View
Storig and Accessing Dot

Creating Data Element Splines

§ » ' ceful when
You have test data or manufacturer specifications that speciy the value of a function
Lx.y) ora surface

P
(bree-dimensional, . ¥, 2.

You can use splines 0 create nonlinear functions for motions, forces, or other

i i the case of a motion,
displacement,velocity, or acceleraton a5 a function of tme, displacement,velocity,
or another ADAMS quantiy.

Lo ol o e thespineslemet, o0 it wre & uncton xpresion
fncludes ADAMS pline fncions (20 AKSPL 1 GUBSPU) o e e
rcumsp

Sbrouia’ Th untion rsibrouiads rpolate h il duts.

bout ADAMSView:

Example of Using Spines, 320
Ways 0 Croate Spines in ADAMSIViow, 330
Curve-fting Tochniauos in ADAMS View, 331

Using the SURTRNERIEIA 22

eBHE B M+ DE0 #AREOR
[Bookiarks Sais Nons Sges D)
[ Kontents =
(] About This Guide
[ AbbutParts
[ Credting Parts
[ odiing Parts
[7] About Cnstraining Your Mod
7| = D worang g doirts
| =02 soming bgon
%4 - [ Applying Fordes to Your Mode
1 | (3 Workdng with Captacts
., | =3 toring and acovesing Data
(] Using System Elements to Ac
9| -3 ecting Woueiing obieces
§ | @[] Positioning and RotatinhObje
S| Diimdex
w
N
LS
@
&
[
T,
| L3 215 il
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Workshop 2—ADAMS/View Interface Overview

Problem statement

Use ADAMS/View to manipulate, simulate, review, and refine the following model:

rocker

ground_engineblock

valve
cam

Model description

30

The model represents a valvetrain mechanism.

The cam is being rotated at a given velocity.

Therod (follower) moves trandationally based on its constraint to the cam.

The rocker pivots about a pin attached to the engine block.

The spring is always in compression to try and keep the rod in contact with the cam.
The valve moves vertically as the rocker rotates.

When the valve moves, it lets small amounts of air into the chamber below it (not
modeled here).

ADAMS/View Interface Overview



Workshop 2—ADAMS/View Interface Overview...

Tips before you start

While working on this exercise, notice:
» The use of the right mouse button.
» Thefunction of single-clicks and double-clicks.
= The messages on the Status bar.

= Theanimation options.

Start the workshop

Start ADAMS/View from the directory exercise_dir/mod_02_interface_overview and import
the model command file valve.cmd. It contains commands to build a model named valve.

To start ADAMS/View in UNIX:

= Fromthe ADAMS Toolbar , select the ADAMS/View tool g*.

To start ADAMS/View in Windows:

= On the Start menu, point to Programs, point to ADAMS 11.0, point to AView, and then
select ADAMS - View.

To load the workshop files:

1 From the Welcome dialog box, select Import a file.
2 Click thefilefolder.
The Find Directory dialog box appears.

3 Find and select the directory mod_02_aview_interface (exercise_dir/
mod_02_aview_interface).

4  Select OK.
The File Import dialog box appears.

5  Set File Type to ADAMS/View command file (*.cmd).

6 Right-click the File to read text box, and then select Browse.
The Select File dialog box appears.

ADAMS/View Interface Overview 31



Workshop 2—ADAMS/View Interface Overview...

32

7  Find and select thefile, valve.cmd and then select Open.
8 Select OK.

View the model

Now you'’ll learn how you can view models from different angles using the keyboard shortcuts
for zooming, trandating, and rotating.

To view the model from different angles:

1 Toview alist of keyboard shortcuts, move the cursor away from the model, and then
right-click in the ADAM S/View window.

A menu appears, listing the keyboard shortcuts. To close the menu, left-click away from
the menu.
2 Inthe space below, write the shortcut keys for performing the following view operations.
Rotate:
Trandate:

Zoom in and out:
Zoom into a specific area:

Fit:
Front view:

3 Pressthe key representing the desired view operation, and follow the instructionsin the
Status bar.
Rename parts

Now you'll rename the parts to match the names given in the figure in the problem statement
on page 30.

As you go through these instructions, notice that right-clicking always gives you alist of
choices, while left-clicking selects an object.

To rename parts:

1 Movethe cursor over apart and right-click. (For example, move the cursor over the rocker
part.)

2  Point to Part:PART_<x>, and then select Rename.
The Rename Object dialog box appears.
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3 Inthe New Name text box, enter .valve.<part name>, and then select OK. (For example, for
the rocker, you would enter .valve.rocker.) See the problem statement on page 30 for a
listing of part names.

4  Continue renaming parts.

Inspect the model

Now inspect the model to determine the number and type of constraintsin the model and check
if the model verified correctly. Use the values to answer Question 1 in Module review on

page 38.
To determine the number and type of constraints:

1 Right-click the toolstack on the right side of the Status bar, and then select the Model
topology by constraints tool.

| + el
%_1 i _ Model topology

by constraints tool

The Information window appears as shown next:

1 Information =]

Apply | Farent | Children | I odify ||_ Werbose Clear | Fiead from File | Save to File |

Topology of model: walwe
Ground Part: ground engineblock
Curve to Curve Joint connects rod with cam {Curwve Curwve!
Trans Joint_1 connects wvalwe with ground engineblock (Translational Joint)
Rev_Joint_ 2 connects rocker with ground engineblock (Rewvolute Joint)
Rev_Joint_1 connects cam with ground engineblock (Rewvolute Joint)
In Plane Joint 2 connects rod with ground engineblock (Inplane Primitive Joint)
In Plane Joint 3 connects rod with rocker {Inplane Primitiwve Joint)
In Plane Joint 4 connects wvalwe with rocker {Inplane Primitiwve Joint)
In Plane Joint 1 connects rod with ground engineblock (Orientation Primitiwe Join
SPRING 1.sforce connects wvalwe with ground engineblock (Single Component Force!
cam motion constrains Rev Joint 1 (Rotational Motion)

=
4] | B

2 Note the number and type of constraints and use them to answer Question 1 in Module
review on page 38.

3 Sdect Close.
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To check if the model verified successfully:

1 Right-click the toolstack on the right side of the Status bar and select the Verify tool.

Verify tool

The Information window appears as shown next:

= Information E

wvalve

Apply | Farent | Ehildrenl I odify ||_ Werbose Clear | Fiead from File | Save to File | Cloze |

VERIFY MODEL: .walwe

Gruebler Count (approximate degrees of freedom)
Mowving Parts (not including ground)

Revolute Joints

Translational Joints

Inplane Primitiwe Joints

Orientation Primitiwe Joints

Motions

R W MR O

Curwve Curwves
0 Degrees of Freedom for .walwe

There are no redundant constraint equations.

Model werified successfully

Note that the text Model verified successfully appears in the Information window.
2 Select Close.
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Simulate the model

In this section, you’'ll run asimulation for 2 seconds with 100 steps, and save the simulation
results.

To run a simulation:

1 From the Main Toolbox, select the Simulation tool .

= Main Toolbox E

A7
£| &)
&l

2 Inthe container that appearsin the lower portion of the Main Toolbox:

Simulation tool

»  Select Default.
» Select End Time, and in the text box, below End Time, enter 2.0.
= Inthetext box below Steps, enter 100.

3 Select the Play tool Ll'

4 When the simulation is complete, select the Reset tool ‘ M

To save the simulation results:

1 From the Simulate menu, select Interactive Controls.
The Simulation Control dialog box appears.

2 Tosavethelast smulation results to the database under a new name, select the Save
Simulation tool E
The Save Run Results dialog box appears.

3 Inthe Name text box, enter a name for the simulation results, such asfirst_results.

4  Select OK.

5 Exit the Simulation Control dialog box.

ADAMS/View Interface Overview 35



Workshop 2—ADAMS/View Interface Overview...

36

Animate the results

In this section, you’ll review the results of the smulation as an animation, which is agraphical
playback of asimulation. You’'ll use the built-in ADAMS/View tools to run the animation.
Optionally, you could use the ADAM S/PostProcessor tools to run animations.

Animate the model with icons turned off (default):

1
2
3

From the Main Toolbox, select the Animation tool .
Select the Play tool.

When the animation is complete, select the Reset tool.

Animate the model with icons turned on:

1

a ~ w DN

From the Review menu, select Animation Controls.

The Animation Controls dialog box appears.

At the bottom of the Animation Controls dialog box, select Icons.
Select the Play tool.

When the animation is complete, select the Reset tool.

Close the Animation Controls dialog box.
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Save your work

Now you'll save your work so the saved file contains only the model information.

To save your work:

From the File menu, select Export.

Set File Type to ADAMS/View command file (*.cmd).
In the File Name text box, enter valve1.

In the Model Name text box, enter valve.

Select OK.

From the File menu, sdlect Exit.

~N o g b~ W NP

From the dialog box that appears, select Exit, don’t Save.

Optional tasks

Have fun with the model:

This exercise introduces you to the ADAM S/View interface. Manipulate the model and
experiment with it as much as you want.

ADAMS/View Interface Overview
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Module review

1 How many constraints are there in this system? What type of constraints are they?

2 Isit possible to have more than one model in a database?

3 Ispart geometry adirect child of amodel? If not, what is part geometry a child of ?

4 If you arein the middle of an operation and you are not sure what input
ADAMS/View wants next, where should you look?

5 If you are working with our technical support staff and you want them to look at
one of your files, what file format would you send them, a.cmd or .bin? Why?

6 What isthe difference between the two search tools (the ones with binoculars) available
in Adobe Acrobat Reader, which is the software we use to view the online
documentation?

38 ADAMS/View Interface Overview



ADAMS/POSTPROCESSOR INTERFACE
OVERVIEW

Use the ADAM S/PostProcessor interface to simulate, review, and refine the

mode shown next:

Rocker

Rod

Guide
(ground)

Valve
Cam — —

What's in this module:

= PostProcessing Interface Overview, 40
= Animating, 41
= Plotting, 42

= Workshop 3—ADAMS/PostProcessor Overview, 43

o Module review, 55
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PostProcessing Interface Overview

ADAMS/PostProcessor has two modes, depending on the active
viewport:

=  Animation

= Plotting

Example:

Thetoolsin the Main toolbar change if you load an animation or a plot into the viewport as
shown next.

40 ADAMS/PostProcessor Interface Overview



Animating

Treeview Main toolbar —  Viewport —

Mode type

File | Edit “iew Animation  Hel
JiEmi]

Animation 'l

N

i o] W=l o8l@lm @l ] e e [ TS

- M diiver_trans
- A ground_tierod_uri
- M lea_spindle_sph
- M tierod_spindle_sph
A uca_spindle_sph
- driver_spindle_inplans
- TRANS_MOTION_1 o
- ¢ f_lca_aind_bush
/;.1 ft_uca_gmnd_bush
/|.1 m_lea_gind_bush
/E m_uca_grmd_bush
/E ground_lca_spring
g BUSHING_1_force_graphic_1 218.3334

- 4F BUSHING_3_force_graphic_1 =
4] T 1757051

Marne Filter :

-

Wigibility I Inherit -

Mame Vis Ilnhelit - 4| a | | I)l el@nl _‘lJ JIS

[k Ilnhelit < |U* animatign  View ¢ Camera  Record  Overlay )
Icon Size IZE'D Display Units I-’,ame vl Speed Contral ;I J _DI Display Frame

Trans _4|_| " _,I Frame: Increment I- ﬂ Trace Marker I o delnat il

Start IW End I 202
Dpnamic Zoom: Left mousze button to zoom; right button to terminate Page 1 of 1
L propert | Dashboard L Slider bar
Operty categories
editor
— Animation settings
Reset, Rev, Pause,

Fwd, Record
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Plotting

Treeview Main toolbar Viewport —
Mode type
File | Edit  “iew PFlot Help
" iy ra=n
<Plottlng '”kl ‘dlﬂl’ﬂ’l Ql l’l ﬁ Al%l z .\ E.:.s.il @»l ml Dl @l
¥ Slope: Min: M Lug: RMS:
22,353 400 -20.236 ] 1000 500 591,61
[l afltest 2
B @FPART_1 10000
- @FPART_10
- @3 PART_20 000
- @3 PART_30
-4 GFORCE_3001 8000
o000
E G000
H
£ 5000
g
| arimation_7 £ 4000 P
3000
2000
1000
Name Filter :
1]
i -40.0 -300 =200 100 oo
" General © Grid Length (mm)
i -~ i
Border 2nd Grid TEE BT
T Visible Simulation Filter Request Companent /F‘Surf
e E[dicplacens| REQUEST_L {FYLINDER DISPLACE[X A B
velocity REQUEST_2Z {REACTION FORCEZ 1|V
% |1 e ] accelerati| REQUEST_3 (BRAEE CABLE TENS1|Z Add Curves To Current Plol vl
force REQUEST 4 (FORCE APPLIED TO
el Sitver i user defir [ Blear Plot
N nz 5
[lifEEtE Solid -| 4 | _’I - Independent Axis:
[kt IDE j SDWCE(IHEQUBS .J AMAG | e 1+ Dala
Filter I { | 4] T REQUEST_1.%
Plot Statistics. Mavigate curves with mouse or arrow keyz. Pick and drag for distance caloulations. Page 1 of 1

— Property
editor

42

— Types of
results to
be displayed

L List of simulation

— List of requests/
results

results

Manage
curves
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Problem statement

Use ADAM S/PostProcessor to manipulate, review, and refine the results of the suspension
model you simulated in the previous module.

Rocker

Guide
(ground)

Valve

Model description

The model represents a valvetrain mechanism.

The cam is being rotated at a given velocity.

Therod (follower) moves trandationally based on its constraint to the cam.

The rocker pivots about a pin attached to the engine block.

The spring is always in compression to try and keep the rod in contact with the cam.
The valve moves vertically as the rocker rotates.

When the valve moves, it lets small amounts of air into the chamber below it (not
modeled here).
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Start the workshop

Start ADAMS/View from the directory exercise_dir/mod_03_ppt_interface and import the
modd command file valvel.cmd. It contains commands to build a model named valve.

To start the workshop:

1 Stat ADAMS/View.
2 From the Welcome dialog box, select Import a file.
3 Click thefilefolder.
The Find Directory dialog box appears.
4  Find and select the directory mod_03_ppt_interface (exercise_dir/mod_03_ppt_interface).
5 Select OK.
The File Import dialog box appears.
6  Set File Type to ADAMS/View command file (*.cmd).
7  Right-click the File to read text box, and then select Browse.
The Select File dialog box appears.

8 Find and select thefile, valvel.cmd, that you created in the previous workshop, and then
select Open.

9 Sdlect OK.
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Simulate the model

Run asimulation for 2 seconds with 100 steps, and save the simulation results.

To run a simulation:
1 From the Main Toolbox, select the Simulation tool.

2 From the container in the Main toolbox:
= Select Default.
= Sdect End Time, and in the text box, below End Time, enter 2.0.

= Inthe Steps text box, enter 100.

3  Select the Play tool.
4 When the simulation is complete, select the Reset tool.

5 Savethe smulation results as you did in the section, Simulate the model on page 35 of
Workshop 2—ADAMS/View Interface Overview.

One DOF Pendulum
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Plot the results

Now you'll plot the results using ADAM SPostProcessor. Y ou will plot:

» Displacement of the valve versustime. ADAMS/View tracks this data through a
measure called valve_displacement.

» Forcein the spring versustime. ADAMS/View tracks this data through a measure
called force_in_spring.

To plot the results:
1 From the Main Toolbox, select the ADAMS/PostProcessor tool El

= Main Toolbox E

ADAMS/PostProcessor
tool

[V

ADAM SPostProcessor starts.

2 At the bottom of the window in the dashboard, from the Simulation list, select the name
of the results set you saved in the previous section.

3 From the Measures list, select Valve_Displacement.
4 Intheright corner of the dashboard, select Add Curves.
5  From the toolbar, select the Create a New Page tool 3.

The following figure shows the Create a New Page tool and other page tools.

Create a New Page

. RIEY
voss»

Page Next Page

Delete a Page

s

In the treeview, shown on the left side of the ADAM S/PostProcessor window, you now
have two pages.
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6 From the Measures list, select force_in_spring.
7  Select Add Curves.

8 Toreturnto ADAMS/View, in the upper right corner of the Main toolbar, select the
ADAMS/View tool .

Manipulate model characteristics

You'll first find the spring stiffness coefficient, and then you’ll modify the spring stiffnessto
200 |bf/foot.

To find the spring stiffness coefficient:

1 Zoom in on the spring by typing alowercase w, and then drawing a window around the
spring.

2 Right-click the spring, point to Spring:SPRING_1, and then select Info.
The Information window appears.

3 Notethe value of the stiffness coefficient.

4  Usethevaueto answer Question 2 in Module review on page 55.

5 Select Close.

To modify the spring stiffness to 200 Ibf/foot:

1 Right-click the spring, point to Spring:SPRING_1, and then select Modify.
The Modify a Spring-Damper Force dialog box appears.
2 Inthe stiffness coefficient text box, enter 200 (Ibf/foot).

Note: In the value you entered, the parentheses () are necessary because you enter
compound fractional units.

3  Sdect OK.

4  Fit the model on the screen by typing alowercasef.
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Simulate the model

Run asimulation for 2 seconds with 100 steps.

To simulate the model:

1
2

3
4

In the Main Toolbox, select the Simulation tool.

In the container:
= Select Default.
= IntheEnd Time text box, enter 2.0.

= Inthe Steps text box, enter 100.
Select the Play tool.

When the simulation is complete, select the Reset tool.

To save the simulation results:

1

From the Simulate menu, salect Interactive Controls.

The Simulation Control dialog box appears.

To save the last ssimulation results to the database under a new name, select the Save

Simulation tool E

The Save Run Results dialog box appears.
In the Name text box, enter a new name.
Select OK.

Close the Simulation Control dialog box.
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Overlay plots of force in spring for both simulations

Now you are going to overlay the results of both of your simulations to see the differences
between the spring forces.

To overlay plots:

1 From the Main Toolbox, select the ADAMS/PostProcessor tool LA]
From the Simulation list, select the new simulation in your session.
From the Measure list, select Force_in_Spring.

Below the heading Independent Axis:, ensure that Time is selected.

Select Add Curves.
Notice the dashboard settings in the next figure.

ga ~ wWw DN

B[O page_1 valve
=8 [ page_2 an
= M plot_z 1 =——Last_Run: Force_in_Spring
T 8.0 4 = =test_2: Force_in_Spring
- A tile i i
oune_l 704 " 1]
Feounve_2 ] | 1
- haxis 504 ! 1
vENs = i I 1
“legend_aohject & 50 1 1
< 1 ! \
] |
£ X
5 404 i
= 4
o A
2
5 3049
il ] 1
i
20 1
1.0
on
Marne Filter | ]
-1.0 T T
S oo 0s 1.0 15 20
Time (sec)
i+ Data ¢ Math
Simulation Measure I~ Sur
Last_Run (2001~ Rocker_Rotation_wrt_Ground Add Curves |
test_1 (z001- | Valve Displacement
Displ RodTip_along Global Yaxis I Add Curves To Currer ¥
Displ_RodTip_salong_Rodhxis Claar Flot |
Spring_Length
Force_in_ Spring Independent Axis:
I [ 2
& Time © Data
Source | Measures e
Filt=r I‘
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Get plot statistics

Now you’ll use the online documentation to find out how to get plot statistics and then find the
plot statistics for the force_in_spring value.

To use the documentation to help you get plot statistics:

1
2

From the Help menu, select ADAMS/PostProcessor Guide.
Search for the phrase plot statistics and see where it leads you.
If you are unable to find the phrase ask the instructor for help.

Use the Plot Statistics toolbar to find the maximum force_in_spring value in the second
simulation.

Once you find the force_in-spring value, use it to answer Question 3 in Module review on
page 55.

Modify the plot graphics

Now you'’ [l modify the graphics of the plot to make the information in it more readable.

To give the plot a title:

1
2
3
4

In the treeview, expand page_2 by clicking the + sign.

Select plot_2.

In the Property Editor below the treeview, enter the title Spring Force vs. Time.
Select Enter.

To label the vertical axis as Spring Force (Ibf):

1
2
3
4

In the treeview, expand the plot by clicking the + sign.
Select vaxis.

In the Property Editor, select Labels.

Change the label to Spring Force (Ibf).
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To modify the legend text and its placement:

In the treeview, expand plot_2.
In the treeview, select curve_1.
In the Property Editor below, change the Legend text box to k=100(Ibf/foot).

1

2

3

4  Change the legend for curve_2 to k=200.
5 Inthetreeview, select legend_object.

6

In the Property Editor, set Placement to Top Right.

Add an Animation

ADAM S/PostProcessor lets you display animations and plots at the same time. In this section,
you'’ [I add an animation next to your plot. Y ou can also run the animation and watch the results
appear in the plot.

To add an animation next to your plot:

1 Inthetreeview, select page_1.

2 Split the screen by right-clicking on the Page Layout tool above the viewport in the
toolbar, and selecting the Split Screen tool.

gl =l =l

gl |
ia)| =l
&= | =
il

3 Set the new viewport to Animation by right-clicking in the viewport and choosing Load
Animation from the pop-up menu.

Split Screen
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4  From the Database Navigator, select one of the simulation results that you want to
animate.

5 Select OK.

Force (pound_force)
P
[=) [=)

by
=}

a0

1 ¥ ——k=100 (lfifoat)
80 1 I — —k=200

-
=}

1

1
1
1
1
1
1
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[
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o
1
1
1
)

oo 0s 1.0 15 20

Time tsec)

run1  Time= 0.0000 Frame=1

Viewing Results

To view an animation of the results:

Adjust your view of the model on your screen using the tools above the viewport. The
figure below highlights some of the tools that are available. Try experimenting with

the rotate, zoom, and trand ate tools.
Center
Dynamic Translate View Zoom
Dynamic Rotate View Fit
Select Front View
| L 1
w| 2| 28|
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To play an animation of the results:

» Play an animation of your model using the tools that are located above the viewport
and in the dashboard. Experiment with the play and pause tools.

Play Animation Backward

Reset Animation \

Pause Animation

Play Animation

/ Record Animation

14| 4|0 p| @

Modifying the graphics of your animation

To modify the graphics settings of your animation:

1  Sdlect the View button in the dashboard.

Y our view options appear below the View button.

2 Experiment with the four check boxes that are available.

To change the color of the cam:

1 From the treeview, expand the model by clicking on the + sign.

2  Select Cam.

3 Below thetreeview, in the property editor, set Color to Coral.

To enlarge the graphics that illustrate force:

1 From the Edit menu, select Preferences.

The PPT Preferences dialog box appears.

2 IntheForce Scale text box, enter avalue that is greater than 50, and then select Close.

3 Experiment with changing the scale of the force graphics.

One DOF Pendulum
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To change the view from shaded to wireframe:

4 Onthetop toolbar, select Wireframe/shaded.

Wireframe/shaded
- ¢~

Save your ADAMS/PostProcessor session

To save your session:

1 Returnto ADAMS/View.
2  Saveyour work and then exit ADAMS/View.
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Module review

1 What isthe mass of the valve? What is this mass currently based on?

2  What isthe stiffness coefficient of the spring?

3 What was the maximum spring force when the spring coefficient was 200 |bf/foot?

One DOF Pendulum
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4 FALLING STONE

Find the displacement, velocity, and acceleration of a stone after one second,
when the stone, with zero initial velocity, falls under the influence of gravity.

§ = 9g10™"

What's in this module:

= Coordinate Systems, 58

= Part Coordinate System, 59

= Coordinate System Marker, 60

= Differences Between Parts and Geometry, 61
= Parts, Geometry, and Markers, 62

= Types of Parts in ADAMS, 63

= Part Mass and Inertia, 64

= Measures, 65

= Workshop 4—Falling Stone, 66

o Module review, 74
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Coordinate Systems

Definition of a coordinate system (CS)

= A coordinate system is essentially a measuring stick to define kinematic and dynamic
quantities.

Point P

| R= R+ Ryy +R,z
Point O

Zg

Types of coordinate systems
» Global coordinate system (GCS):
o Rigidly attachesto the ground part.

o Definesthe absolute point (0,0,0) of your model and provides a set of axes
that is referenced when creating local coordinate systems.

» Local coordinate systems (LCS):
o Part coordinate systems (PCS)

o Markers
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Part Coordinate System

Definition of part coordinate systems (PCS)
= They are created automatically for every part.
= Only one exists per part.

» Location and orientation is specified by providing its location and orientation with

respect to the GCS.
Part coordinate system )A/Pl
Part 1 at location (10, 5.5, 0)
A . X
Wm0
~ 55

G Global coordinate system
Ground body at location (0, 0, 0)

= When created, each part’s PCS has the same location and orientation as the GCS.
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Coordinate System Marker

Definition of a marker
» It attachesto a part and moves with the part.

= Severa can exist per part.

» Itslocation and orientation can be specified by providing its location and orientation
with respect to GCS or PCS.

Part coordinate system
Marker 1 on Part 1 Yp1
at location (-5, -1, 0) AyMl i P:"jlrt 1 at location (10, 5.5, 0)
o X
yG XMl P1O

i ZAVEN
n XG

Zs  Ground body at location (0, 0, 0)

= Itisused wherever aunique location needs to be defined. For example:

o Thelocation of a part’s center of mass.

o Thereference point for defining where graphical entities are anchored.
» Itisused wherever aunique direction needs to be defined. For example:

o The axes about which part mass moments of inertia are specified.

o Directionsfor constraints.

o Directionsfor force application.

= By default, all marker locations and orientations are expressed in GCS.
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Differences Between Parts and Geometry

Parts

Define bodies (rigid or flexible) that can move relative to other bodies and have the following
properties:

= Mass
= Inertia
= Initia location and orientation (PCS)

= Initia velocities

Geometry
= Isused to add graphics to enhance the visualization of a part using properties such as:
o Length
o Radius
o Width

= Isnot necessary to perform simulations.

.model_1.UCA (Part)

.model_1.UCA.cyl_1 (Geometry) — ) /

.model_1.UCA.sphere_1 (Geometry) — .
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Parts, Geometry, and Markers

Dependencies in ADAMS

To understand the relationship between parts, geometry, and markersin ADAMS/View, itis
necessary to understand the dependencies shown next:

Model
.mod

Part
.mod.pend

Geometry
.mod.pend.sph

62

Marker Marker

Marker Geometry
.mod.pend.mar_1 .mod.pend.cm .mod.pend.mar_2 .mod.pend.cyl

pend
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Types of Parts in ADAMS

Rigid bodies

= Aremovable parts.
» Possess mass and inertia properties.

=« Cannot deform.

Flexible bodies (beyond the scope of this course)

= Aremovable parts.
» Possess mass and inertia properties.
‘ = Can bend when forces are applied to them.
'
Ground part

» Must existin every model and is automatically created when a model is created in
ADAMS/View.

» Definesthe GCS and the global origin and, therefore, remains stationary at all times.

= Actsastheinertia reference frame for calculating velocities and accel eration.
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Part Mass and Inertia

Mass and inertia properties

= ADAMS/View automatically calculates mass and inertial properties only for three-
dimensional rigid bodies.

ADAMS/View calculates the total mass and inertia of a part based on the part’s
density and the volume of its geometry.

Y ou can change these properties manually.

» ADAMS/View assigns mass and inertial properties to a marker that represents the
part’s center of mass (cm) and principal axes.

= You can change the position and orientation of the part’s cm marker.

Part 1 Part 1
y 7$‘ I p 7 YV s

cm marker ‘

cm marker
(shifts as new geometry
is added to the part)

= The orientation of the cm marker also defines the orientation of inertial
properties lyy, lyy, 17,.
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Measures

Measures in ADAMS

= Represent datathat you would like to quantify during a simulation, such as:

0

0

0

O

Displacement, velocity, or acceleration of a point on a part
Forcesin ajoint
Angle between two bodies

Other data resulting from a user-defined function

» Capture values of measured data at different points in time over the course of the
simulation.

Definition of object measures

Measure pre-defined measurable characteristics of parts, forces, and constraints in a model

Part measure Spring measure Joint measure
characteristics: characteristics: characteristics:
= CM position = Deformation » Relative velocity
= CM velocity « Force « Force

» Kinetic energy » Torque

» Others » Others

Falling Stone
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Problem statement

Find the displacement, velocity, and acceleration of a stone after one second, when the stone
with zero initial velocity, falls under the influence of gravity.

mm

g = 9.81?

Start the workshop

First, start ADAMS/View and create amodel in the directory exercise_dir/
mod_04_falling_stone. Executing ADAMS/View in that directory ensuresthat all saved data
gets stored there.

To start the workshop:
1 Stat ADAMS/\View.
2 Inthe Welcome dialog box:
= Under the heading, How would you like to proceed, select Create a new model.
» Set the directory to exercise_dir/mod_04_falling_stone.
= Name the model projectile.
= Set gravity to Earth Normal (-Global Y).
= Set unitsto MMKS - mm, Kg, N, s, deg.
3 Select OK.
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Build the stone

Use the Sphere tool QJ to create a stone part with a 50 mm radius and its center at the global
origin. You'll aso rename the part and set its mass to 1 kg.

To build the stone:

1

To view the coordinates as you create the sphere so you know its size, from the View menu,

select Coordinate Window.

From the Main Toolbox, right-click the Rigid Body toolstack, and then select the

Sphere tool QJ

o e
a2l
=) 814

3
g -

&

]

Follow the Status bar instructions and pick the center of the sphere at the global origin,
then drag the cursor until you create a sphere with a50 mm radius.

To rename it:

1
2

Right-click the sphere, point to Part:PART_2, and then select Rename.

In the New Name text box, enter .projectile.Stone, and then select OK.

To set the mass to 1 kg:

1
2
3
4
5

Right-click the sphere, point to Part:Stone, and then select Modify.
In the Mass & Inertia defined by text box, select User Input.

If an aert box opens, select Close.

In the Mass text box, enter 1.0.

Select OK.

Falling Stone
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Create measures for the falling stone

To calculate the vertical displacement, velocity, and acceleration of the stone’s cm marker in

the §/g ,direction, you'll create three object (part) measures. You'll set Y as the component to
measure.

To calculate the displacement of the stone in the j/g direction:

1

N o g b~ W

Right-click the stone, point to Part:Stone, and then select Measure.
In the Measure Name text box, enter:
displacement
Set Characteristic to CM position.
Set Component to Y.
Set From/At to .projectile.Stone.cm.
Select Create strip chart.
Select OK.

A measure strip chart appears. It is empty because you need to run a simulation before
ADAMS has the necessary information for the chart.

To calculate the velocity of the stone in the j/g direction:

N o g b~ W

Right-click the stone, and select Measure.

In the Measure Name text box, enter:
velocity

Set Characteristic to CM velocity.

Set Component to Y.

Set From/At to .projectile.Stone.cm.

Select Create strip chart.

Select OK.
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To calculate the acceleration of the stone in the j/g direction:

= Follow the instructions above but set Characteristic to CM acceleration.

Verify the model

Now you'll verify the model. When you verify the model, ADAMS/View checksfor error
conditions such as misaligned joints, unconstrained parts, or massless partsin dynamic systems
and alerts you to other possible problems in the model.

To verify the model:

1

2
3

In the right corner of the Status bar, right-click the Information tool J and then select the
Verify tool .

In the Information window, check that the model has verified successfully.

Close the Information window.

Set up and run a simulation

Now you'll zoom out the display so that the falling stone is clearly visible while it simulates.
You'll then simulateit for 1 second with 50 steps.

To zoom out:

1

2

3

Select the Select tool & to display the view control optionsin the toolbox.

Select the Zoom tool @, and then click and drag the mouse to zoom out until the entire
working grid isvisible.

Select the Translate tool .p, and then drag the working grid to the top of the screen.

To run a simulation for 1 second with 50 steps:

In the Main Toolbox, select the Simulation tool [

In the End Time text box, enter 1.0 and in the Steps text box, enter 50.
Select the Play tool.

Asthe stonefalls, ADAMS/View plots the corresponding data on the displacement,
velocity, and acceleration graphs.
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4 When the simulation ends, reset the model to the input, or design configuration by
selecting the Reset tool.

5 Animate the simulation to replay the simulation without simulating again.

Find the values of displacement, velocity, and acceleration

Now you’'ll use ADAM SPostProcessor to find the stone’s displacement, velocity, and
acceleration after 1 second.

To run ADAMS/PostProcessor:

» Right-click the blank areainside the strip chart .projectile.displacement, point to
Plot:scht1, and then select Transfer to Full Plot.

ADAM S/PostProcessor appears, replacing the ADAMS/View window.

To find the value of the stone’s displacement:

1 In ADAMS/PostProcessor, from the Main toolbar, select the Plot Tracking tool =|.

2 Because you want to know the final conditions after 1 second, move the cursor over the
end point of the plot.

3 Inthe area below the menu bar, the value of X isdisplayed as 1. Note the value of Y; this
iISyour answer.

4  Comparethisvalue of Y to the results given in the closed-form solution on page 73.

5 Usethe vaueto answer Question 1 in Module review on page 74.
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To find the value of the stone’s velocity after 1 second:

1

Select Surf.

This lets you view a selected measure without using the Add Curves button.
Set Source to Measures.

From the Measures list, select velocity.

Because you want to know the final conditions after 1 second, move the cursor over the
end point of the plot.

In the area below the menu bar, the value of X appears. Itis 1. Note the value of Y; thisis
your answer.

Compare thisvalue of Y to the results given in the Closed-form solution on page 73.

Use the value to answer Question 2 in Module review on page 74.

To find the value of stone’s acceleration after 1 second:

From the Measures list, select acceleration.
To display the acceleration plot, select Surf.

Because you want to know the final conditions after 1 second, move the cursor over the
end point of the plot.

In the area below the menu bar, the value of X will be displayed as 1. Note the value of
Y; thisisyour answer.

Compare thisvalue of Y to the results given in the closed-form solution on page 73.
Use the value to answer Question 3 in Module review on page 74.
Toreturnto ADAM/View and close al three plots, select the ADAMS/View tool.
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Save your work

Now save your work such that the file contains only the model information. Y ou will use this
model in the next module.

Tip: Savethe model as acommand file.
To save your work:

1 From the File menu, select Export, and then select OK.
2 Exit ADAMS/View.

Optional tasks

Save your work before performing these tasks. Do not save your work after performing these
tasks because you will use this model in the next module. If you must save the model after
performing these tasks, give the model a different name.

To inspect the behavior of the stone after changing its mass:

1 Change the mass of the stoneto 2 kg.
2 Simulate the model.

3 Compare the results of this simulation with the results of the s mulation where the mass
of the stonewas 1 kg.

4  Does changing the mass affect the displacement, velocity, or acceleration?
5 Measurethe kinetic energy of the stone. Do these results make sense?
K.E. = (U2)m*v?

6 From the File menu, select Exit.
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ADAMS results
» Displacement after 1 sec =-4903.3 mm
= Velocity after 1 sec =-9806.6 mm/sec

« Acceleration after 1 sec = -9806.6 mm/sec?

Closed-form solution
Analytical solution:
s= Y (at?) = 4903.325 mm
v = at = 9806.65 mm/sec
a= g = 9806.65 mm/sec?
Where:
s = Distance (mm)
a= Acceleration (mm/sec?)
t = Time (sec)

v = Velocity (mm/sec)

Falling Stone
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Module review

1 What isthe displacement of the stone after one second?

2  What isthe velocity of the stone after one second?

3 What isthe acceleration of the stone after one second?

4  What are the most basic building blocksin ADAMS, which are used in parts,
constraints, forces, and measures?

5 Why isthe ground part automatically created?

6 Can ADAMS/View generate mass properties for two-dimensional geometry?
Why?
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PROJECTILE MOTION

Compute the range, R, when a stone is launched as a projectile with an initial

speed of 6 m/s at an angle of 60°, as shown next.

— —
— ~

// \\
7 AN
AN
6 m/s \\
\
A \\9=60° \‘ B
7/////////////////////////////////////////////////////////////
. R '

What's in this module:

= Part Initial Conditions, 76
= Point Trace, 77
= System-Level Design, 78

= Workshop 5—Projectile Motion, 79

o Module review, 87
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Part Initial Conditions

Initial location and orientation

» Thedesign configuration of all the parts (their part coordinate systems) in a model

defines their initial locations and orientations.

= You can fix apart’slocation and orientation to be used during the assembly
simulation (covered later).

Initial velocities

» InADAMS, apartinitially moves (at t = 0) asfollows:

Is an
initial velocity
specified?

Yes

Are there

Are there

Yes constraints acting motions/constraints

on the part? acting on the

part?

ADAMS uses a ADAMS uses the

default of zero initial velocity specified
ADAMS calculates ADAMS uses
L initial velocity; it may initial velocity due to e

or may not be zero the motions/constraints

FORCE

VELOCITY IC
& P assigned to part
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Point Trace

Definition of a point trace
= Tracksthe location of a marker during an animation.

» Can be used to visualize the clearance between two bodies during a simulation.

Example of a point trace

= Trgectory of aball.

Boom!

Projectile Motion
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System-Level Design

The crawl-walk-run approach
= Do not build the entire mechanism at once.
» Asyou add a new component, make sure that it works correctly.

» Check your model at regular intervals.

Avoid the need for complex debugging by following the

crawl-walk-run approach!
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Workshop 5—Projectile Motion

Problem statement

Compute therange, R, when astoneis launched as a projectile with an initial speed of 6 m/s at
an angle of 60°, as shown next.

7 N
AN
N
AN
AN
AN
"« B
4
WWWWWWW////////%
. R .

Model description

In this workshop, you use the model you built in Workshop 4—Falling Stone on page 66.
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Start the workshop

To start the workshop, import the model that you created in the previous module. Note that the
model fileisnot in the current working directory. It isin the directory
exercise_dir/mod_04_falling_stone/completed.

If you need afresh copy of the model, import the command file projectile.cmd from your current
working directory.

To start the workshop:
1 Inthe Welcome dialog box, under the heading, How would you like to proceed, select Import a
file.

2 Set the directory to exercise_dirfmod_05_projectile. Executing ADAMS/View in this
directory ensuresthat all saved data gets stored here.

3 Select OK.
4 Find and select projectile.cmd.
5 Select OK.

Build the plane

In this section, you' Il build a plane using the Box tool. The plane will have the following
dimensions:

= Length: 3500 mm
« Height: 100 mm
= Onground

Before building the plane, you'll set up the display by resetting the working grid to
4000 mm x 3000 mm with spacing of 50 mm, and zooming out.

To set the display:

1 From the Settings menu, select Working Grid.

2 Inthe Size: X text box, enter 4000.

3 IntheSize: Y text box, enter 3000.

4 Inthe Spacing text boxes, enter 50, and then select OK.
5

Zoom out by typing alowercase z, and then clicking and dragging the mouse to zoom out
and view the entire working grid.

Projectile Motion



Workshop 5—Projectile Motion...

To build the plane:

1 Turn on the coordinate window (from the View menu, select Coordinate Window).

2 Fromthe Main Toolbox, right-click the Rigid Body toolstack, and then select the
Box tool (.

3 Inthetoolbox container:
= Select On Ground.
= Sdect Length, and then in the Length text box, enter 3500 mm.

= Select the Height and Depth options, and then in the Height and Depth text boxes, enter
100 mm.

4  Usethe mouse to select the corner of the box at 0, -150, 0.

The stone should appear to be balanced at the upper left corner of the planein afront view.
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Set initial conditions

Now set initial velocity conditions for the stone as follows:

=V, =6000* cos(60°) = 3000 mm/sec
-V, =6000*sin(60% = 5196 mm/sec

To set initial conditions:

1 Reset the Main Toolbox by selecting the Select tool % .

2 Right-click the stone, point to part:Stone, and then select Modify.
3 Fromthe Modify Rigid Body dialog box, select Velocity ICs.
4

In the Simulation Settings dialog box, under Initial velocity along: select X axis, and in the
X axis text box, enter (6*cos(60d)(m/sec)).

5 Inthe Smulation Settings dialog box, under Initial velocity along: select Y axis, and in the
Y axis text box, enter (6*sin(60d)(m/sec)).

6 Select Apply, and then close the window.
7 From the Modify Rigid Bodies dialog box, select OK.

Create measures for projectile motion

Next, create an object (part) measureto cal culate the horizontal displacement, §<g , of thestone’'s
center of mass (cm) marker when it is projected.

To create a measure:

1 Right-click the stone, point to part:Stone, and then select Measure.
2 Inthe Name text box, enter:

R_displacement

Set Characteristic to CM position.
Set Component to X.

Set From/At to .projectile.Stone.cm.
Select Create strip chart.

Select OK.

N o o b~ W
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Run a simulation

Run asimulation for 1.5 seconds, using a sampling rate of .02 seconds.

To run a simulation:

1
2
3
4

5

From the Main Toolbox, select the Simulation tool.

In the End Time text box, enter 1.5.

In the Step Size text box enter 0.02.

Select the Play tool.

ADAMS/View runsthe smulation and plots the corresponding data in a strip chart.

When the ssmulation ends, select the Reset tool.

Find the range, R

Using animation tools, determine the time at which the stone encounters the plane. Usethetime
value to answer Question 1 in Module review on page 87.

To find the range:

From the Main Toolbox, select the Animation tool §7§ .

Select the Play tool.

When the stone makes contact with the plane, select the Stop tool 'm .
Usethe Step Forward 1 and Step Backward -+ toolsto obtain the exact point at which the
stone makes contact with the plane.

Note the time at which the stone makes contact with the plane in the plot. (ADAMS
displays the time in the upper left corner of the ADAMS window:.)

Select the Reset tool.
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Create a point trace
Create a point trace to view the trgjectory of the projectile during an animation.

To create a point trace:

1 On the Review menu, select Animation Controls.

The Animation Controls dialog box appears.

Select Icons.

Set No Trace to Trace Marker.

Right-click the empty text box that appears, select Marker, and then select Browse.
From the Database Navigator, select Stone.cm.

Note that the marker name is entered into the text box, and then select the Play tool.

N o g b~ N

Close the Animation Control dialog box.

Find horizontal displacement

In ADAM S/PostProcessor, use the Plot Tracking tool to return the horizontal displacement
corresponding to thetime step determined earlier. Usethe valueto answer Question 2in Module
review on page 87.

To find the horizontal displacement:

1 Right-click ablank areainside the strip chart, and select Transfer to Full Plot.
ADAM S/PostProcessor appears, replacing ADAMS/View.

3 Because you want to know the displacement when the stone makes contact with the
plane, move the cursor over the plot until the value of X isequal to the time at which
contact was made.

4 Notethe value of displacement, Y. Thisisyour answer for Question 2 in Module review
on page 87.

5 Comparethisvalueof Y to the results given in the closed-form solution on page 86.
6 Toreturnto ADAMS/View, select the ADAMS/View tool.
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Save your work

Save your work such that the file contains not only the model information, but also the results
and plots.

To save your work:

1
2

3

From the File menu, select Save Database As.
In the File Name text box, enter projectile, and then select OK.

An ADAMS binary fileis created containing not only the model information but also the
results and plots.

From the File menu, select Exit.

Optional tasks

Save your work before performing these tasks. Do not save your work after performing these
tasks. If you must save the model after performing these tasks, give the model a different name.

To follow the stone during an animation:

1
2

Zoom in on the stone.
From the Review menu, select Animation Controls.
Now change the reference frame while animating.

On the Animation Controls dialog box, change Fixed Base to Base Part. Select the part to
which you want to fix the camera.

Go to the online ADAMS/View guides and ook up the Animation Controls dialog box to
read about the other functionality available.
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ADAMS results

R = 3180 mm (Can vary dightly depending on several factors, most likely the sampling rate.)

Closed-form solution

Analytical solution:

The analytical solution for R, the range covered by the projectile, is as follows:

Xo=0 X=R
Yo=0 yf=0
V = 6000 x cos60° = 3000 mm/sect =time

X

Vyo = 6000 x sin60° = 5196 mm/sec

1.2
yf = yo+Vyot_§gt

0 = 0+ 5196t — 0.5 x 9806 x t°
0 = (5196 —4905t)t
t = 1.06 sec

Xp = XtV

R

0+ 3000 x 1.06
R = 3180 mm
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Module review

1 At what time does the stone encounter the plane?

2 What istherange, R, as defined in the problem statement?

3 If apart'sinitial velocity conflicts with a system constraint, which will take precedence
during asimulation?

4 What modifications would be necessary to convert the stone into a pendulum?

Projectile Motion
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ONE DOF PENDULUM

Find theinitial force supported by apin at A for abar that swingsin avertical
plane, given theinitial angular displacement (8,) and initial angular velocity

(90). Also, find the pendulum frequency.

2 kgs

D
o
I

30°
= 300°/sec

>
o
|

What's in this module:

= Constraints, 90

= Use of Markers in Constraints, 91

= Degrees of Freedom (DOF), 92

= Joint Initial Conditions (ICs), 93

= Merging Geometry, 94

= Angle Measures, 95

=  Workshop 6—One DOF Pendulum, 96

o Module review, 109
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Constraints

Definition of a constraint
= Redtricts relative movement between parts.
» Representsidealized connections.

» Removesrotational and/or translational DOF from a system.

Example

Wall

Translational constraints of the hinge

Xp—Xw = 0
Zp
Yw Yp—Yy = 0
[ ] [ J
—C > Zn—2Zy =0
ng‘{ @ * Yo o
° Xp ° Rotational constraints of the hinge

®py—d,, = O (about x-axis)
8, — 06,y = O (about y-axis)

Therefore, @ and @, are free
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Use of Markers in Constraints

Constraint equations in ADAMS
» Constraints are represented as algebraic equationsin ADAMS/Solver.
» These equations describe the relationship between two markers.

= Joint parameters, referred to as | and J markers, define the location, orientation, and
the connecting parts.

o First marker, I, isfixed to thefirst part.

o Second marker, J, isfixed to the second part.

Anatomy of a constraint in ADAMS

Model
(.model)

Part Constraint Part
(.model.door) (.model.hinge) (.model.wall)
/ \

/
/ \
/ \
| marker , J marker

(.model.door.hinge_|_mar) (.model.wall.hinge_J_mar)
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Degrees of Freedom (DOF)

Constraints and DOF

» Each DOF in mechanica system simulation (M SS) corresponds to at least one
equation of motion.

= A freely floating rigid body in three-dimensional space is said to have six DOF.

= A constraint removes one or more DOF from a system, depending on itstype.
y

Rigid body

Determining the number of system DOF

= ADAMSwill provide an estimated number of system DOF by using the Gruebler’s
Count:

System DOF =(number of movable parts [6 DOF/ part)

— Y [#Congtraints [3# DOF (Constraint)]
i =type
» ADAMSaso provides the actual number of system DOF, asit checksto seeif:

o Appropriate parts are connected by each constraint.
o Correct directions are specified for each constraint.

o Correct type of DOF (trandational versus rotational) are removed by each
congtraint.

o There are any redundant constraints in the system.

See also: DOF removed by a revolute joint on page 320
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Joint Initial Conditions (1Cs)

Characteristics of joint initial conditions

= You can specify displacement and velocity initial conditions for revolute,
trandational, and cylindrical joints.

» ADAMS usesthe specified initial conditions of the joint while performing a
simulation, regardless of any other forces acting on the joint.

= If you do not specify joint ICs, ADAMS calculates the conditions of the connecting
parts while performing a simulation depending on the other forces acting on the joint.

Question: What would happen if the joint initial conditionsin a system were different from
the part initial conditions?
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Merging Geometry

Methods of attaching multiple geometry to a part

» Using fixed joint to constrain geometric objects.

» Adding new geometry to an existing part.

/
v
| : :

Note: ADAMS/Solver handles simulations better if you merge geometry on arigid part
as opposed to constraining multiple parts.

Question:  When you merge geometry is the overlapping volume accounted for?
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Angle Measures

Definition of angle measures

They are used to measure the included angle, O:
= Between two vectors
» Defined by three markers
= Defined throughout a ssmulation

Third point

Second point

First point

Notes:

= Theunitsused for angle measures are in current ADAMS/View angle units (degrees
or radians).

» Thesign convention (+/-) is defined such that the first nonzero value is positive.
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Problem statement

Find the initial force supported by the pin at A for a bar that swingsin avertical plane, given
theinitial angular displacement (6,) and initial angular velocity (8o). Also, find the pendulum

frequency.

2 kgs

6, = 30°

300°/sec

>
o
1

Start the workshop

First, you'll start ADAMS/View from the directory exercise_dir/mod_06_pendulum and then
you' |l create anew model. Executing ADAMS/View inthisdirectory ensuresthat all saved data
gets stored here.

To start ADAMS/View and create model:
« Start ADAMS/View:

o  Create anew model named pendulum, with gravity set to earth normal (-global y),
and units set to MMKS - mm, Kg, N, s, deg.

o Set thedirectory to exercise_dir /mod_06_pendulum .
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Build the pendulum link

Now, build the link section of the pendulum using the following parameters:
«  Width: 20 mm
=« Depth: 27.5mm
= Endpoints. (0, 0, 0) and (450, O, 0)

To build the link:

1 Turn on the coordinate window.
2 Fromthe Main Toolbox, right-click the Rigid Body toolstack, and then select the

Link tool Q].

3 Inthecontainer:
= Select New Part.
» Select Length, and in the Length text box, enter 450 mm, and then press Enter.
»  Select Width, and in the Width text box, enter 20 mm, and then press Enter.
»  Select Depth, and in the Depth text box, enter 27.5 mm, and then press Enter.
4 Using the mouse, select 0, 0, 0 and 450,0,0 as the endpoint locations.

Tip:  Usethe Location Event (right-click away from the model) to help select the
endpoints. When you right-click, the L ocation Event appearsin the lower left corner
of the ADAMS window. Enter the coordinates for the link in the upper text box and
press Enter.
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Build the sphere section

Next, build the sphere section of the pendulum using the following parameters:
« Addto Part
» Radius: 25 mm
» Centerpoint: 450, 0, 0

To build the sphere section:

1 From the Main Toolbox, right-click the Rigid Body toolstack, and then select the
Sphere tool Q,I

2 Inthe container:
= Select Add to part.

= Select Radius, and in the Radius text box, enter 25mm, and then press Enter.
3 Using the mouse, select PART_2 as the part to add to.
4  Using the mouse, select 450,0,0 as the location.

Rename the pendulum
Now you’'ll rename the pendulum from PART_2 to Pendulum.
To rename the pendulum:

1 Right-click thelink, point to Part:PART_2, and then select Rename.
The Rename Object dialog box appears.

2 Inthe New Name text box, enter .pendulum.pendulum, and then select OK.
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Set the mass of the pendulum

Now, set the mass of the pendulum to 2 kg, set all three inertias (Ixx, lyy, 1zz) to 0, and change
the location of the center of mass.

To set the mass of the pendulum:

1 Right-click the pendulum, point to Part: pendulum, and then select Modify.
The Modify Rigid Body dialog box appears.

2 Inthe Mass & Inertia defined by text box, select User Input.
An alert box may appear. If it does, close it.

3 IntheMass text box, enter 2.0, and then select Apply.

4 Inthelnertia text boxes (Iyy, lyy, |), enter 0.

5 Select Apply.
The Mass & Inertia defined by dialog box is still open.

6 Right-click the Center of Mass Marker text box, point to pendulum.pendulum.cm, and then
select Modify.

7 Inthe Location text box, enter 450, 0, 0.
8 Select OKin both dialog boxes.
Your model should look like this:

v b
A i3
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Build the pivot

In this section, you'll build the pivot by creating a revolute joint between ground and the
pendulum at location A, as shown in the figure on the page 96, and rename it Pivot.

To build the pivot:

1 From the Main Toolbox, right-click the Joint toolstack, and then select the
Revolute joint tool <.

1 Main Toolbox [E3

2| Al
_ Joint

: oolstack
alald
el

2 Inthe container, select 2 Bod-1 loc and Normal to Grid.
3 Select the pendulum as the first body.

4  Select the ground as the second body.

5 Sdect0,0,0 asthe location.

To rename the joint:

1 Right-click the revolute joint, point to Joint:JOINT_1, and then select Rename.

2 Inthe New Name text box, enter .pendulum.pivot, and then select OK.
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Create measures

Create two object (joint) measures to track the force supported by the pin, resolved in the X g
and Yg directions.
To create object measures:
1 Right-click the pivot joint, point to Joint:pivot, and then select Measure.
The Joint Measure dialog box appears.
2 Inthedialog box:
= Inthe Measure name text box, enter:
pivot_force_x
= Set Characteristic to Force, and select X as the Component.
» Besure .pendulum.MARKER_4 and Create Strip Chart are selected.
= Select Apply.
A strip chart displays the force during simulation and animation.
3 Inthedialog box:
= Inthe Measure name text box, enter:
pivot_force_y
= Set Characteristic to Force, select Y as the Component,
= Besure .pendulum.MARKER_4 and Create Strip Chart are selected.
» Select OK.
A strip chart displays the force during simulation and animation.
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Create a reference marker

Create amarker on ground to use as areference location for the angle measure you will create
inthe next section. Instead of right-clicking on the marker to changeits name, you’ Il use the Edit
menul.

To create a reference marker:

1

On the Main Toolbox, right-click the Rigid Body toolstack, and then select the
Marker tool ‘1_,| .

In the container, be sure that Add to ground and Global XY are selected.

Using the mouse, select 450,0,0 as the location.

With the marker still selected, from the Edit menu, select Rename.

The Rename Object dialog box appears.

In the New Name text box, enter .pendulum.ground.angle_ref, and then select OK.

Create angle measure

Now, create the angle measure to track the angular displacement of the pendulum, 6.

To create an angle measure:

1
2
3
4

0 N o o
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From the Build menu, point to Measure, point to Angle, and then select New.
In the Measure Name text box, enter pend_angle.
Right-click the First Marker text box, point to Marker, and then select Pick.

On the screen, pick a marker that is on the pendulum and at its end (for example, select
the cm marker).

Tip: Right-click the end of the pendulum to select the cm marker.
Right-click the Middle Marker text box, point to Marker, and then select Pick.
Pick amarker that is at the pivot location.

Right-click the Last Marker text box, point to Marker, and then select Pick.

Pick amarker that is on the ground and at the end of the pendulum (this will be the
marker that was created in the previous section).
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Specify initial conditions
In this section, you'll specify the following joint initial conditions:

= Displacement initial condition of 8, = 3¢

« Initial velocity condition of 8p= 300%sec

To specify the initial conditions:

1 Right-click the pivot joint, point to Joint:pivot, and then select Modify.
2  Select Initial Conditions.
3 Inthe Joint Initial Conditions dialog box:

= Select Rot. Displ and, in the Rot Displ. text box, enter -30.

= Sdect Rot. Velo. and, in the Rot Velo. text box, enter -300.
4  Select OK in both dialog boxes.
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Verify your model
Before simulating your model, verify it.
To verify your model:

1 Select the Verify tool on the right side of the status bar.

The Information window appears as shown next:

I.pendulum

Apply | Farent | Childrenl hAodify ||_ Yerhose Clear | Read from Filel Save to File | Close

VERIFY MODEL: .pendulum

|»

1 Gruebler Count (approximate degrees of freedom)
1 Moving Parts (not including ground)
1 Revolute Joints

1 Degrees of Freedom for . pendulum

There are no redundant constraint equations.

Model werified successfully - .

Y ou also receive awarning that the initial conditions for the joint position does not match
the design configuration. Thisiswhat we expect.

2 Close the Information window.

Simulate your model

Run asimulation for 2 seconds.

To simulate your model:
1 From the Main Toolbox, select the Simulation tool.
2 Inthe container:

= Select Default.

» IntheEnd Time text box, enter 2.0.

= Inthe Steps text box, enter 100.
3  Select the Play tool.
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Determine global components

Now, determine the global components (X, y) of theinitial force supported by the pivot. Usethe
value to answer Question 2 in Module review on page 109.

To determine global components:

1 Right-click the blank areainside the pend_angle strip chart, and then select Transfer to Full
Plot.

ADAM S/PostProcessor appears, replacing ADAMS/View.

Select the Plot Tracking tool .

Move the cursor over the plot at t =0.

In the area below the Main toolbar, note the value of Y.
In the dashboard, select Clear Plot.

From the Measure list, select Pivot_force_X.

Select Surf.

Move the cursor over the plot at t =0.

© 00 N oo o b~ DN

In the area below the Main toolbar, note the value of Y.

=
o

From the Measure list, select Pivot_force_Y.

=
=

Move the cursor over the plot at t =0.

[EEY
N

In the area below the Main toolbar, note the valueof Y.
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Determine the frequency of the pendulum

Estimate the frequency by determining the period (seconds) and then inverting that value to
obtain Hertz. Thisis the answer to Question 3 in Module review on page 109.

To determine frequency:

1 From the Measure list, select pend_angle.

2  Estimate the period of the curve.

3 Invert the period to find Hertz.

4 Toreturnto ADAMS/View, select the ADAMS/View tool.

Save your work

To save your work:

1 Saveyour modeling session such that the saved file contains not only the model
information but also the results and plots.

2 Exit ADAMS/View.
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Optional tasks

Save your work before performing these tasks. Do not save your work after performing these
tasks. If you must save the model after performing these tasks, give the model a different name.

To find the natural frequency of the pendulum automatically by performing
an FFT on the plot of theta versus time:

1 Setupfor the FFT by simulating the model based on current findings:
o End time = 1.65 (approximate time of one period)
o Steps=127

When preparing for an FFT operation, we recommend that the number of points be an even
power of two (for example, 128, 256, 512, and so on). By solving the equation and asking
for 127 steps, you will get 128 data points; 127 + 1 for the initial conditions.

Y ou should get the same frequency as you did by calculating it manually.
The peak value of the resultant curve is the natural frequency.

2 In ADAMS/PostProcessor, from the Plot menu, select FFT.
The FFT dialog box appears.

3 Accept the default valuesin the FFT dialog box, and then select Apply.
You should get the same frequency as you did by calculating it manually.
The peak value of the resultant curve is the natural frequency.

4 Returnto ADAMS/View.

5 Exit ADAMSView.
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ADAMS results
» Horizontal force supported by the pivot at A =-29.86 N.
» Vertical force supported by the pivot at A = 17.24 N.

Closed-form solution

300°/sec
= 5.24rad/sec

2
= +m w
Izz r

€
[

= 0+mL?

The analytical solution for the force supported by the pivot at A when 8, = 3@ and
wo = 300 degrees/sec:

M, = I,0a —-mg(Lcos30) = (mLZ)a
A~ A

gcos30 = La
- _9
o I_cosSO
o = —18.88rad/sec’

2F, = mra mgcos30—-A, = mLa
A; = m(gcos30—-La)

A, = ON

2F, = merAn—mgsinBO = mLw’

A m(gsin30 + Looz)

n

A 34.53N

n
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Horizontal force supported by pivot at: A = -A, cos30
Fy = -29.90N

Vertical force supported by pivotat: A = A,sin30
Fy=17.27N

Module review

1 What are the global components of the initial force supported by the pivot?

2  What isthe frequency of the pendulum using theinitial conditions in the problem
statement?

3 If theinitia velocity of a part can be set through a connecting joint and the part itself,
which will ADAMS/View useif they are both set?

4 If amodel (human_hip) had two parts (femur and hip_bone) constrained by a
joint, I and J markers would be created by ADAMS. If both markers were
named MAR_1, what would the complete name of the | and J markers be?

5 Canthel and Jmarkersfor ajoint belong to the same part? Why?
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INCLINED PLANE

Find the minimum inclination that will ensurethat acrate slides off aninclined

plane, using the properties shown next:

ig = 32.2 ft/sec2

o2 _

Mass = 100 Ibs

2in

What's in this module:

= Euler Angles (Rotation Sequence), 112

= Precise Positioning: Rotate, 113

= Translational Joint, DOF Removed by, 320
= Modeling Friction, 114

= Measuresin LCS, 117

= Workshop 7—Inclined Plane, 118

o Module review, 129
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Euler Angles (Rotation Sequence)

Definition of Euler angles

» ADAMS/View usesthree anglesto perform three rotations about the axes of a
coordinate system.

= Theserotations can be space-fixed or body-fixed and are represented as
Body [3 1 3], Space[1 2 3], and so on, where:

o l=xaxis

] For rotation about these axes, use the
0 2=yaXis right-hand rule

o 3=zaxis

» Defaultin ADAMSisBody [31 3].

Example of body [3 1 3]: [90°, -90°, 180]

Initial Orientation —p After 1st —> After 2nd —p  After 3rd Rotation
(Base CS) Rotation Rotation (Positioned CS)

9 X

+ "
+ g X n
™ AN

s 0T
+90° about - 90° about +180° about
the z-axis the x -axis the z'"-axis

Example of space [3 1 3]: [90°, -90’, 1800]:

Initial Orientation —p After 1st —> After 2nd —»  After 3rd Rotation
(Base CS) Rotation Rotation (Positioned CS)
~ XI ZII R
X
§( - ~ ;(II
+ s y y
Ny +
2 ~
+90° about - 90° about +180° about z
the base CS the base CS the base CS
Z-axis X-axis Z-axis
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Precise Positioning: Rotate

To rotate objects about an axis in ADAMS/View, specify:
« Theobjectsto rotate.
= The axis about which the objects are rotated.

= The angle through which the objects are rotated.

Note: Be careful with the sign of the angle. ADAMS/View uses the right-hand rule.
Y ou can rotate several objects at once about the same axis.
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Modeling Friction

Joint friction can be applied to:
= Trandational joints
= Revolutejoints
» Cylindrica joints
» Hooke/Universal joints
» Spherical joints

Friction forces (Fp

= Areindependent of the contact area between two bodies.
= Actinadirection opposite to that of the relative velocity between the two bodies.

= Areproportiona to the normal force (N) between the two bodies by a constant ().
Ff = uN
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Modeling Friction...

Phases that define friction forces

= Stiction
= Transition
= Dynamic

Idealized case

H . .
= Stiction: Vig| = 0 Transn/lion Dynamic
O<h<is THa

= Transition: O<|Vre|‘ =V, Stiction
H 1 Vrel
Ha <K<K v vy
= Dynamic: V1<|Vrel| ~—Tt W
T -ha
=1
ADAMS case
= Stiction: Vig| <AV, H
' rel s StictionTz. l:ransiti)l?n Dynamic
O<p<pg Hs
Hd

= Transition: AV < ‘Vre|| <1.5AV,

Mg < H <Hg

= Dynamic: AVS<‘Vre||

H = Hy
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Modeling Friction...

Effect of maximum deformation on friction

H
HsH

Mg -

Input forces to friction
= Alwaysinclude preload and reaction force.

» Bending and torsional moment are possible (however, advanced uses of joint friction
are beyond the scope of this course).
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Measures in LCS

Measures can be represented in:
» Global coordinate system (GCS) (default)
= A marker’sloca coordinate system (LCS)

Example

=  When aball falls due to gravity:

Gravity

G Y 1 1
6 = 30°
Global MAR_1

= Acceeration dueto gravity in the GCS using )A(g ,§/g ,Eg symbols to represent the
global x, y, and z componentsiis:

— (0% O+ 0z)m
g = (0xg—9.81y, + 0z,) 2
= Acceleration dueto gravity in MAR_1's coordinate systemiis.

g = (O§<1—(9.81sin30°)§/1_(9.8100330°)21)£—;

g = (O, +-4.91y, - 8.502,) ;—2

Inclined Plane
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Workshop 7—Inclined Plane

Problem statement

Find the minimum inclination that will ensure that a crate slides off an inclined plane, using the
properties shown next:
i § = 32.2 ft/sec’

Hg = 0.3
Mg

Start the workshop

First, you'll start ADAMS/View from the directory exercise_dir/mod_07_inclined_plane and
then create a new model.

To start the workshop:
« Start ADAMS/View:
o Set the directory to exercise_dirlmod_07_inclined_plane.

o Create anew model named inclined_plane, with gravity set to Earth Normal
(-global y), and units set to IPS - inch, Ibm, Ibf, s, deg.
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Adjust the working grid
Now adjust the spacing and orientation of the working grid.

To adjust the spacing of working grid:

1 From the Settings menu, select Working Grid.
2 Set Spacing to 1" in the x and y direction.

To adjust the orientation of the working grid:

= Make sure that the working grid is oriented along the global XY direction (default
setting when you open ADAMS/View). The Set Orientation text box allows you to
choose Global XY, YZ, XZ, or custom orientation.

Build the parts

When creating parts, use an inclination angle of 0°. Y ou will rotate the parts to the desired
inclination angle later in the exercise. Be sure to set the ramp geometry to be on ground.

To build the parts:

1 Build the ramp geometry using the following parameters:
o Length: 46"
0 Height: 2"
o Depth: 8"
o Onground

2 Build the crate geometry using the following parameters:
o Length: 10"
0 Height: 4"
o Depth: 8"

o New part
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To modify the parts:
1 Rename the crate part and the ramp geometry as shown in the figure on page 118.
2  Set the Mass of the crate to 100 Ibm:

= Right-click the crate, point to Part:crate, and then select Modify.

= Set Mass & Inertia defined by: to User Input.

= Inthe Mass text box, enter 100 Ibm.

= Sdect OK.

Set the model’s inclination angle

Now you are going to rotate the model 15°. Because theramp ison ground and you cannot rotate
ground, to rotate the ramp, you are going to change the orientation of the ramp’s corner marker
to 15, 0, 0. The orientation of thismarker setsthe orientation for the ramp. You'll use the Rotate
tool to rotate the crate since it is not on ground. You'll rotate the crate about the same axis that
you rotated the ramp about.

To rotate the ramp to 8 = 15°:

1 Right-click the marker, point to the marker name, and then select Modify.
2 Inthe Orientation text box, change 0,0,0 to 15,0,0.
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To rotate the crate 15°:

1 Inthe Main Toolbox, from the Move tool stack, select the Align & Rotate tool (7.

1 Main Toolbox [E3

y [
ove .
toolstack

|View Cr

2 Inthe container, in the Angle text box, enter 15 as the increment by which to rotate the
crate.
3 Select the crate as the object to rotate and the ramp’ s base marker as the axis about which

to rotate.
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Constrain the model

Now you'll create atrandational joint between the ramp and the crate.

To constrain the model:

1 From the Main Toolbox, right-click the Joint toolstack, and then select the
Translational tool @

2  Set thelocation of the trandlational joint at the crate geometry’ s base marker.
3 Set the vector so it points up the ramp.
Take measurements

To create a measure:

= Create an object (part) measure for the crate’ s acceleration along the ramp as you did
in To create object measures: on page 101.

Verify the mechanism (crawl-walk-run)
To verify the mechanism:

1 Simulate the model for 1 second and 50 steps.
2  Find the value of the crate’s (constant) acceleration.
To verify this value, see Without friction in the Closed-form solution on page 127.

If the values do not match, check the units in the closed-form solution and in the modd!.
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Refine the model

In this section, you' |l add joint friction to the translational joint using the pg, Py valuesfrom the

problem statement on page 118. Y ou'll then simulate the model to see if the crate slides off the
ramp.

Tip: Besure that the only friction forces to consider are those resulting from reaction
forces.

To add friction and simulate:

1 Display the crate’'smodify dialog box (right-click the crate, point to Joint:JOINT_1, and then
select Modify).

2 Inthelower right corner of the Modify dialog box, select the Friction tool %q .
3 Simulate the model and note if the crate slides off the ramp.
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Rotate the ramp and crate to theta = 20°

To rotate the ramp and crate, you' |l create a group consisting of the crate part, joints, and
geometry making up the ramp. You'll then select that group and rotate it.

To create a group:

1 From the Build menu, select Group.
2 Make agroup containing:
= Thecrate part.
= Thejoint.
= All of the geometry (including markers) on the ramp, but not the ramp part itself,

because, remember, you cannot rotate ground.

To select the group:

1 From the Tools menu, select Database Navigator.
2  Set the Database Navigator’s top option menu to Select List.

3 From the buttons near the bottom right side of the window, select Clear to clear the
current select list.

4 Using thetreelist on the left, find and select your group.

5 From the buttons near the bottom right side of the window, select Add to add your group
to the select list.

6 Select Apply.
All the elements that make up your group should now be highlighted.

7 Leavethe select list open for future use, but move it out of the way.
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To rotate the selected group:

1
2

In the Main Toolbox, from the Move tool stack, select the Align & Rotate tool ..

Check the Selected box, because you want to rotate the items that you already have
selected (highlighted).

When you rotate with the Align & Rotate tool, it rotatesin increments. So, if you have already
rotated to 15 degrees and you want to arrive at 20 degrees, you should enter a5 asthe angle.

Again, use the ramp’ s base marker as the axis about which to rotate the whole group.

Note: In this case, you can ignore any warnings associated with the friction element.

Find the inclination angles between which the crate starts to slide

To find the inclination angle:

1

Simulate the model and note if the crate slides off the ramp.

For an end time of 0.5 seconds, verify c .

rate_Acceleration
that the crate acceleration versus time 500 —
strip chart matches the adjoining figure.

Theinitial spikeisdueto the acceleration % .................................
(due to gravity) present at t=0. ©

0.1 0.2 03 04 05
sec

Through trial and error, find the approximate angle (within 0.5°) at which the crate starts
to slide off the ramp. Use it to answer Question 1 in Module review on page 129.

Save your work

Save your model and exit ADAMS/View.
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Optional tasks

Save your work before performing these tasks. Do not save your work after performing these
tasks. If you must save the model after performing these tasks, give the model a different name.

To view an animation and its corresponding plot simultaneously in
ADAMS/PostProcessor:

1 Open ADAM S/PostProcessor.

2  Create two views by right-clicking the Window layout tool |
the 2 Views, side by side tool il
Select the left view.

on the toolbar and selecting

Plot crate acceleration versus time.
Select the right view, and then change the Plotting menu to Animation.

Right-click the right view, and then select Load Animation.

~N o g~ W

Run the animation.
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Closed-form solution

Without friction:
2F, = ma, . -mgsine = ma,
a, = —gsin®
For 8 = 15°, a, = —=32.2sin(15°)
a, = —8.33 ft/sec?

With friction:
2Fy =0 —mgl[osO+N =0
N = mg [cos@

Maximum angle (8,,,5) a which crate will not slide:
2F,=0:F-mgsinG, . =0
Hg[N-mg[sinB,,, =0
U [mg [osb, ., —mg [EinB, .. = 0
Hg—tanb, o, = O

Onax = aan(yg) = aan(0.30) = 16.7°
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Once the crate starts dliding,
2F, = ma, : F;—mg[knBd = ma,
M (N—-mg [En6 = ma,
M, bng [cosb—mg [8in6 = ma,

8y

M [osb-sin® = E
a, = (M cosb—sinb) [g
For 8 = 20°, a, = (0.25 [os20° —sin20°) [B2.2ft/sec?

a, = —3.45ft/sec?

ADAMS results
= Atangle6=15° a= 6.63e"°=0

« Atangle 8 = 20°, the crate accel erates down the inclined plane at
a = -41.35 in/sec? (-3.45 ft/sec?)

« Based on the angular increments of 0.5°,
(16.5° < B¢ < 17.0°)
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Module review

1 What isthe approximate angle (within 0.5°) at which the crate startsto slide
off the ramp?

2 Canyou apply friction to all jointsin an automated way?

3 What arel and J markers?

4 If ajoint with friction enabled crossesits stiction threshold velocity (AV),
how does the maximum stiction displacement (AX,) affect the system?
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LIFT MECHANISM |

Use ADAMS/View to create each moving part of the lift mechanism shown
next:

Bucket

Boom
Shoulder

Base

Mount

What's in this module:

= Building Geometry, 132

= Construction Geometry Properties, 134
= Solid Geometry, 136

= Precise Positioning: Move, 137

= Workshop 8—Lift Mechanism |, 138

o Module review, 144
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Building Geometry

Properties of geometry
» It must belong to a part and moves with the part.
» Itisused to add graphics to enhance the visualization of a part.

» Itisnot necessary for performing simulations.

» Locations and orientations are defined indirectly by parts using anchor markers.

éi\a

Note: If you move an anchor marker, all associated geometry moves with it.
Conversely, anchor markers move when you move the associated geometry.
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Building Geometry...

Types of geometry in ADAMS/View
= Construction geometry
o Includes objects that have no mass (spline, arc, and so on).
o Isused to define other geometry.
= Solid geometry
o Includes objects with mass (box, link, and so on).
o Can be based on construction geometry.

o |sused to automatically calculate mass properties for the parent part.
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Construction Geometry Properties

Marker geometry

~ Has:
y

= Anchor marker, which isitsalf
~ X »« Parent: part

» Orientation and location

Point geometry
= No anchor marker

= Parent: part

= Location
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Construction Geometry Properties ...

Polyline geometry

/S

Has:

No anchor marker

»« Parent: part
= Onelineor multiple lines
= Open or closed

» Length, vertex points, and angle

Arc geometry

Has:

/ C = Anchor marker

» Parent: part

» Start and end angle, radius

Spline geometry

Has:
6 « Anchor marker
S\? « Parent: part

= Segment count, open/closed, points

Lift Mechanism |
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Solid Geometry

Block geometry

Has:

Torus geometry

o

Has:

Extrusion geometry

Has:

Cylinder geometry

Has:

f. :

136

Anchor marker, which is the corner marker
Parent: part

Length (x), height (y), depth (z) with respect
to corner marker

Anchor marker, which is the center marker
Parent: part

Radius of ring (xy plane), radius of circular
crosssection ( | toxy plane)

Anchor marker, which is the reference marker
Parent: part

Open/closed profile, depth,
forward/backwards

Anchor marker, which is the center marker
(placed at first end)

Parent: part
Length (z), radius
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Precise Positioning: Move

To move objects in ADAMS/View, specify:
= The object being moved (or copied).
= And

o Either, apoint on the object, and the location to which the selected point will
be moved.

o Or, avector and a distance along the vector.

To point

The moved object maintains its orientation.
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Problem statement

Use ADAMS/View to create each moving part of the lift mechanism shown next:

Bucket

Boom
Shoulder

Base

Mount
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Background mechanism information

» Thefollowing diagrams provide the dimensions for building the lift mechanism.

» All unitsarein meters.
Top View of Lift Mechanism

Base

Shoulder

Front View of Lift Mechanism

45 05
Bucket A= 025 13.0 | |<J 15
> M Shoulder Mount |
" L Boom ';
F
025 ¢
Base
>
o
i o

12.0 |

G)><>
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Tips before you start

= Check the three-dimensional view of the model at regular intervalsto verify that the
parts are being placed in the right location.

» Rename parts as soon as you build them.

Start the workshop

First, you'll start ADAMS/View from the directory exercise_dir/mod_08_lift_ mech_1 and
create anew model.

To start the workshop:
« Start ADAMS/View:
o Set thedirectory to exercise_dirfmod_08_lift_mech_1.
o Create anew model named lift_mech, with gravity set to Earth Normal (-Global Y),
and units set to MKS - m, Kg, N, s, deg.
Set up the working environment

Now you' |l set up the ADAMS environment to make it easier to build the model.

To set up the working environment:

1 Adjust the grid based on the measurements given in the images on page 139.

2 Adjust icon sizes so you can see them because this model isin meters and, by default, the
screen icons are set for models in millimeters. To adjust screen icons, from the Settings
menu, select Icons, and then set a size for the icons.
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Build all parts except for the bucket:

In thissection, you'll create all the parts except the bucket. For information on how to build the
parts, refer to the diagrams in Background mechanism information on page 139.

To build the parts:

1

Build the base part.
Tip:  Note the orientation of the block with respect to the xy plane.

Build the mount part by creating a block and then applying fillets using theFillet tool E.

Inspect your model. Note that the mount must be centered on the base. If necessary, use

the vector option of the Point-to-Point tool /D on the Move toolstack to slide the mount
along the base.

Build the shoulder part.

Tip: Before building the shoulder, set the working grid to cut through the center of the
block.

Build the boom part.

Tip: Usethe Location Event to start the cylinder two units over from the mount center-of-
mass (cm) marker.
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Build the bucket
Now build the bucket.

To build the bucket:

1 Build ablock with the largest dimensions of the bucket:
= Length:45m
= Height: 3.0 m
= Depth:4.0m

2 Chamfer the front and back, bottom corners of the block using the Chamfer tool & :

=  Width: 1.5m
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3 Hollow out the solid bucket using the Hollow tool (8
= Thickness: 0.25m

» Piercethetop face of the block

Check model topology by parts

To check model topology:

» Check model topology by parts to ensure that there are no floating parts that are not
accounted for.

There should be six parts, including ground.
Save your work

To save your work:

= Saveyour work such that the saved file contains only the model topology and not the
results.

Optional tasks
To refine the geometry of the lift mechanism:

1 Using the Torus tool, add tires to the lift mechanism.

2 Using the Fillet tool, round the edges of the base.
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Module review

1 What isthe basic difference between construction geometry and solid geometry?
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Constrain the lift mechanism model by adding joints and motions as shown
next:

Boom with Mount with
respect to respect to base
shoulder

Boom with
respect to
bucket

Shoulder with
respect to mount

What's in this module:

= Fixed Joint, DOF Removed hy, 320
= Applying Motion, 146

= Joint Motion, 147

= Functions in ADAMS, 148

= Workshop 9—Lift Mechanism II, 149

o Module review, 152
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Applying Motion

ADAMS/View provides two types of motions
= Joint motion

= Point motion

Joint motion
= Therearetwo types.
o Trangdlational: applied to trandational or cylindrical joints (removes 1 DOF).
o Rotational: applied to revolute or cylindrical joints (removes 1 DOF).
» You definethejoint to which motion is applied.
= ADAMSautomaticaly usesthejoint’s | and J markers, bodies, and single DOF.

= You define function for magnitude.
Questions: How does a motion remove DOF?

Does this mean that a motion is considered a constraint?
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Joint Motion

Marker usage in joint motions

» Thel and Jmarkers (and, therefore, the parts to which they belong) referenced in the

joint move with respect to each other as follows:

»« Thel and J markers overlap when motion 6; = 0.

» During simulation, the z-axes of both markers are aligned.
= You can define motion magnitude as a

o Displacement

o Velocity

o Acceeration function of time

Lift Mechanism I
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Functions in ADAMS

Definition of functions in ADAMS
» You use functions to define magnitudes of input vectors used in:
o Motion drivers
o Applied forces

= Functions can depend on time or other system states, such as displacement, velocity,
and reaction forces.

= Every function evaluates to asingle value at each particular point in time.

= Motion drivers can only be afunction of time:
M = f(time)

= Functions defining motion driver magnitudes can be:
o Displacement (time)
o Velocity (time)

o Acceleration (time)

Note: Y ou can use the Function Builder to create and verify functionsin ADAMS/View. To
access the Function Builder, right-click any text box that expects a function.
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Problem statement

Constrain the lift mechanism model by adding joints and motions as shown next:

Boom with Mount with

respect to respect to base
shoulder '

Boorﬁ with
respect to
bucket

Shoulder with
respect to mount

Model description

In this workshop, you use the model you built in the Lift Mechanism | module.

Tips before you start
» Usethe abovefigureto find out what type of constraints you need.
» Simulate the model at regular intervals to check the constraints.
= Rename joints as soon as you create them.

» Adjust icon sizes whenever necessary (see Set up the working environment, on
page 140 of Workshop 8—Lift Mechanism 1.)
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Start the workshop
Note that the file for this exercise is not in the current working directory.

To start the workshop:
« Stat ADAMS:
o Set thedirectory to exercise_dirmod_09_lift_mech_2.

o From the directory exercise_dirlmod_08_lift_mech_1, import the model that you
created in the previous module.

If you need a fresh copy of the model, import the command file
lift_mech_I_completed.cmd from the directory exercise_dir/mod_08_lift_ mech_1/
completed.

Constrain the parts

In this section, you’'ll constrain the parts that you created in the previous workshop. The figure
in the Problem statement, on page 149, shows how you should constrain the parts.

To constrain the parts:

1 Useafixedjoint @ to fix the base to ground.

2  Constrain mount to base.

Tip: Usethe options2 Bodies - 1 Loc and Pick Feature and constrain the mount to the base at
the mount’s cm marker.

3 Constrain shoulder to mount.

Tip: Right-click to select the cylinder’ s anchor marker.
4 Constrain the boom to the shoulder.
5 Constrain the bucket to the boom.

Tip:  Use the end point of the cylinder.
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Verify the model (crawl-walk-run)

Before continuing, check your work by checking model topology and by performing a
simulation.

To verify your model:

1 Check model topology by constraints to ensure that all the parts are constrained as
expected.

2  Perform asimulation.

Arethe visual results of the ssmulation (the animation), what you expected?

Add joint motions to your model

To add joint motions:

1 Add arotational joint motion &) to the mount-to-base joint such that:
D(t) = 360d*time

Tip: Build thejoint motion using the default expression in the Main toolbox container and
then modify the expression using the Rotational Joint Motion Modify dialog box.

2 Add amotion to the shoulder-to-mount joint such that:
D(t) = STEP(time, 0, 0, 0.10, 30d)

Note: We will discuss the specifics of the STEP function in the next module, Lift
Mechanism IIl, on page 153.

3 Add amotion to the boom-to-shoulder joint such that:
D(t) = STEP(time,0.8,0,1, 5)

4  Add amotion to the bucket-to-boom joint such that:
D(t) = 45d*(1-cos(360d*time))

Run a simulation

To run a simulation:

Run a simulation such that the mount achieves one full rotation.

Note: If any of the motions are opposite of what you expect from the Problem statement, on page 149,
add anegative sign in front of the expression in the motion’s modify dialog box.
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Save your work

To save your work:

» Savethe model such that the saved file contains only the model topology and not the
results.

Optional tasks

If you did not already do so as explained in the Optional tasks, on page 143, for Lift
Mechanism 1:

» Add tiresto your model using the Torus tool.

= Congtrain the tires to the base using revolute joints.

Module review

1 What arethe markersthat ajoint refersto called?

2 When motion is applied to ajoint, what dictates its direction (positive versus
negative)?

3 Aremotions considered a constraint? Why?

4 |sit possible to determine the torque required to achieve a prescribed motion
imposed on arevolute joint? How?
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Constrain the bucket such that the base of the bucket always maintainsits
horizontal orientation (therefore, keeping the bucket-passenger safe) as shown
next:

What’s in this module:
= Types of Joint Primitives, 154
= Perpendicular Joint Primitive, 155

=  Workshop 10—Lift Mechanism Ill, 156

o Module review, 160
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Types of Joint Primitives

Description:

Inline - One point can only move
aong astraight line

Inplane - One point can only
movein aparticular plane

DOF removed:

Two translational

One trandlational

lllustration:

~
~
~
~

First part

- _ %\d part

~

F—_————— = = =

Second part

Orientation - One coordinate
system cannot rotate with
respect to another

Perpendicular - One coordinate
system can rotate about two axes

Parallel axis - One coordinate
system can rotate about one axis

Three rotational

One rotationa

Two rotational

Second part First part

First part

First part ./y/ ' ’
_ ) -

-

. -

o

.~ "Second part

See also: DOF removed by joint primitives on page 320

154
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Perpendicular Joint Primitive

Example of | and J markers in a perpendicular joint primitive

Bucket

Bucket

N>

| marker

J marker

on ground

« | marker:
o Parent part: Bucket
o Itsxy-planeis coplanar to the ground plane.
»  Jmarker:
o Parent part: ground
o Itsz-axisis perpendicular to the z-axis of the | marker.

= When constrained, the z-axes of the | and J markers are always per pendicular during
simulation.

= Usethe construction method 2 Bodies - 2 Locations.

Question:  Would the lift mechanism behave any differently if the J marker’s parent
part was Base?
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Problem statement

Constrain the bucket such that the base of the bucket always maintainsits horizontal orientation
(thus keeping the bucket passenger safe) as shown next:

Model description

In this workshop, you use the model you saved in the Lift Mechanism || module.
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Start the workshop

Note that the file for this exercise is not in the current working directory.

To start the workshop:

1
2

Start ADAM S/View from the directory exercise_dirimod_10_lift_mech_3.

From the directory exercise_dirimod_09_lift_mech_2, import the model that you created in
the previous module.

If you need a fresh copy of the model, import the command file
lift_mech_2_completed.cmd from the directory exercise_dir/mod_09_lift_mech_2/
completed.

Constrain the bucket

Now you will constrain the bucket to ground using the appropriate joint primitive.

To constrain the bucket:

1
2

Delete the motion on the bucket-to-boom joint.

Use the appropriate joint primitive to constrain the bucket to ground. Y ou access the joint
primitives from the Joints palette (from the Build menu, select Joints).

Tip:  Use the construction method 2 Bodies - 2 Locations and refer to Example of 1 and J
markers in a perpendicular joint primitive, on page 155 for assistance.

Verify the orientation of the I and J markers

Now you will verify the orientation of the | and J markersin the joint primitive.

To verify the orientation:

1

2
3

In the right corner of the Status bar, select the Information tool ﬂ
Note the names of the | and J marker and select Close.

Check that the z-axis of the marker on the bucket is pointing in the (positive or negative)
global x direction.

Check that the z-axis of the marker on ground is pointing in the (positive or negative)
global y direction.
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Verify the model and then run a simulation
In this section, you will perform a simulation with icons on.
To verify the model and run a simulation:

1 Verify the model. It should have zero degrees of freedom.

2 From the Settings menu, point to Solver, and then select Execution Display.
3 Inthe Simulation Settings dialog box, select Icons visible.

4  Simulate the model.

Save your work
To save your work:

1 Savethe model such that the saved file contains only the model topology and not the
results.

2 ExitADAMS/View.
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Optional tasks

To complete extra tasks from previous module:

If you did not already do so as explained in the Optional tasks, on page 143, for Lift
Mechanism 1:

» Add tiresto your model using the Torus tool.

= Congtrain the tires to the base using revolute joints.

To make the bucket transparent:

1 From the View menu, select Render Mode, and then select Shaded.
2 Right-click the bucket, point to Part: bucket, and then select Appearance.
3 To set thetransparency of the part, use the dlider bar:
0%: fully visible, 100%: completely invisible.
To check graphical topology of the model:

1 From the Tools menu, select Database Navigator.
2 Set the menu at the top of the Database Navigator to Graphical Topology.

3 Browseto the bucket and notice how many constraints act on the bucket.
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Module review

1 When you use the construction method of 2 Bodies - 2 Locations, how does the order in
which you select parts affect the order in which you select the locations and orientations?
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11 SUSPENSION SYSTEM |

Set up the suspension such that it moves 80 mm in jounce and rebound.

strut_upper

1_£) upper_arm

[ r strut_lower
| ........_....

tie_rod

lower_arm

spindle_wheel

What’s in this module:
= Spherical Joint, DOF Removed by, 320
= Hooke Joint, DOF Removed by, 320
= Applying Point Motions, 162

= Workshop 11—Suspension System |, 163

o Module review, 168
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Applying Point Motions

Point motions
» Therearetwo types:
o Single-point motion (removes 1 DOF)

o General-point motion (removes 1 to 6 DOF)

= You define
o | and Jmarkersto which motion is applied (viatwo bodies, location and
orientation).

o Constraint nature of the motion (between 1 and 6 DOF).

o Functions for magnitudes of motion.
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Problem statement

Inspect the toe angle that the wheel exhibits throughout its vertical travel of 80 mm in jounce
and rebound.

_strut_upper

' 'rstrut_lower
| rack
= tie_rod

lower_arm

spindle_wheel

Model description

» Thegiven model isageometric representation of a short-long arm (SLA) suspension
subsystem.

» Therack and body are constrained as shown in the following figure:
o A trangdational joint connects the rack to the body.

o A fixed joint connects the body to ground.

body
rack

HP-12

tie_rod HP-13 Translational joint
Fixed joint
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= Thelower_arm and lower_strut are constrained as shown next:
o A spherical joint connects the lower_strut to the lower_control_arm.

o A revolute joint connects the lower_arm to the body.

lower_strut

spindle_wheel tie rod

HP-6 lower_arm
. HP-10 -

Spherlcal Spherical HP-4

Joint joint Revolute joint

= Theupper_arm and upper_strut are constrained as shown next:
o A revolute joint connects the upper_arm to the body.

o A hooke joint connects the upper_strut to the body.

HP-9
Hooke joint

HP-2

upper_arm ‘\Revolute joint
AN

HP-13
Spherical
joint

HP-1

 HP-11
Translational joint

upper_strut
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Start the workshop
To start the workshop:

1 Start ADAMS/View from the directory exercise_dirimod_11_suspension_1.

2 Import the model command file suspension_parts_start.cmd.

This file contains commands to build a model named suspension and the following parts
with geometric representation:

_strut_upper

strut_lower

i
i

tie_rod

rack

lower_arm

spindle_wheel
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Inspect the model

In this section, you'll investigate the model to note its movement and topology, especially that
of the part tie_rod.

To inspect the model:

1 Simulate the model, noting the movement of tie_rod.
2 From the Tools menu, select Database Navigator.

3 Inthe Database Navigator, select Graphical Topology.
4

Double-click suspension, and then select tie_rod.

Constrain the suspension subsystem model

Constrain the tie rod as shown next:

HP13 ...

Prack
body
HP7

Hooke joint

HP8
Spherical joint

)

When constraining the tie_rod, use the ADAMS/View hard points provided with the model.

To constrain the model:

1 Create aspherica joint.
2  Create ahooke joint, using the direction vectors of HP7 to HP8, and HP7 to HP13.
3 Simulate the model.
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Apply motions
To apply motions:

1 Atthe marker .spindle_wheel.center, apply apoint motion, inthe ¥ direction, to the
spindle_wheel center using the following function:
Displacement(time) = 80*sin(360d*time).

2 Modify the trandational joint between the rack and the body to be a fixed joint, so that the
rack is unable to translate during a simulation.

Verify and simulate the model

Now, to see the model’ s full range of motion, simulate it.
To verify and simulate the model:

1 Verify the model.

2 Simulate the model for one second.

Save your work

1 Saveyour model assuspension_parts.cmd.
2 ExitADAMS/View.

Optional tasks

To modify hardpoint locations:

1 From the Tools menu, select Table Editor.
2 From the options along the bottom of the Table Editor, select Points.
3 ChangetheLoc Y value of HP3 from 351.05 to 400.

Asyou make this change, note how the upper arm’s connection to the spindle changes.
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Module review

1 What isthe difference between a point motion and a joint motion?
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Inspect the toe angle that the wheel exhibits throughout its vertical travel of
80 mm in jounce and rebound.

strut_upper

upper_arm

strut_lower body

tie_rod

lower_arm

spindle_wheel

What's in this module:

= Taking Measurements, 170
= Displacement Functions, 171
= Importing CAD-Based Geometry, 172

= Workshop 12—Suspension System I, 173

o Module review, 178
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Taking Measurements

Point-to-point measures

» Measure kinematic characteristics of one point relative to another point, such asthe
relative velocity or acceleration.

= To define them, you specify:
o Characteristic (displacement, velocity, or acceleration)
o To-point marker location (I marker)
o From-point marker location (J marker, default is global origin)

o Represent coordinates in marker coordinate system (R marker, default is
GCS)

o Component to return (X, y, z, or magnitude)

= ADAMS/View uses displacement, velocity, or acceleration functions.

Function measures

= Letyouevauate arbitrary, user-defined expressions of interest during solution run-
time, such as:

o Flow rate
o Aerodynamic pressure
o Stress
= You can create them in the Function Builder.

» Unlike other measures, function measures let you specify plotting attributes.
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Displacement Functions

Displacement functions

» For trandational displacement, return scalar portions of vector components
(measurements are taken to | from J, resolved in R’s CS), as shown below.

» For rotational displacement, return angles associated with a particular rotation
sequence.

Example

y §/A
I‘ X DM(1,J) J| X

DY(JR) v " DX(1,3,R)
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Importing CAD-Based Geometry

172

Conceptual
Design
Method

Dynamic Motion!

Import
.res

ADAMS/Solver or
ADAMS/View
without Geometry

Rigid Bodies

Mass Properties
Joints

Springs

Applied Forces
Advanced Modeling
Dynamic Motion

Design

Validation

Method

Dynamic Motion!

CAD Assembly
File Select View Filter Options Tools
)
= Rigid Bodies
= Mass Properties
» Detailed Geometry
= Joints
= Springs
= Applied Forces
= Kinematic Motion
Export
q cmd +
adm adm+ —»
shl, .slp

Import
Ies

ADAMS/View with
Geometry

Rigid Bodies

Mass Properties
Detailed Geometry
Joints

Springs

Applied Forces
Advanced Modeling
Dynamic Motion
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Problem statement
Inspect the toe angle that the wheel exhibits throughout its vertical travel of 80 mm in jounce
and rebound.

strut_upper

upper_arm

strut_lower body
tie_rod —

lower_arm

spindle_wheel

Model description
In this workshop, you use the model you built in Workshop 11—Suspension System |, on
page 163.
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Start the workshop

Note that the file for this workshop is not in the current working directory.
To start the workshop:

1 Start ADAMS/View from the directory exercise_dirfmod_12_suspension_2.

2 Fromthe directory exercise_dirmod_11_suspension_1, import the model that you created in
the previous workshop.

If you need a fresh copy of the model, import the command file
suspension_1_completed.cmd from the directory
exercise_dir/mod_11 suspension_1/completed.

3 Simulate the model to verify the motion.
Create measures
To create measures:

1 Create a point-to-point measure, named .suspension.Wheel_Height, for the relative wheel
displacement in the 9(3 direction using the markers spindle_wheel.center and ground.WH_ref.

Tip: From the Build menu, point to Measure, point to Point-to-Point, and then select New.

—Current: -1.561e-08
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2 Using an ADAMS/Solver function measure, create a toe angle measure using the markers

Spindle_Wheel.Center and Spindle_Wheel.TA_ref
Tip: Usethe ATAN function.

Note: You must run asimulation after creating the function to view its plot.

, , toe angle
.K%/ g
|
.Center ﬂ
(provided /\
with model) ‘
TA_ref
(provided

with model)

A e

.Center

AZ
AX

>0

.TA_ref
@, toe angle

Tirme: X000 —Current: -9.314e-08

3 In ADAMS/PostProcessor, plot toe angle versus wheel height.
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Import CAD-based geometry
Now, you’ll import more realistic, CAD-based spindle/wheel geometry, as shown next.

. knuckle

wheel

The two geometry files that make up the spindle/whee! are:
= Wwheel.slp
= knuckle.slp

They arerender files, which have an extension of .slp. They were created in Pro/ENGINEER. By
default, when you import the files, ADAMS/View names the geometry based on the
Pro/ENGINEER assembly from which they came and not based on their file names. In this case,
the CAD geometry came from a model named suspensn. Therefore, ADAMS/View names the
geometry suspensn and suspensn_2.

When you export your model, ADAMS/View exports one .cmd file (suspension.cmd) and one
.shl file for each CAD geometry (suspensn.shl and suspensn_2.shl).

To import the geometry:

1 Import the geometry files located in exercise_dir/mod_12_suspension_2/suspension_cad.

Tip: From the File menu, select Import. Then, set File Type to Render and select to attach the
geometry to the part spindle_wheel.

2 Turn off the appearance of ADAMS/View spindle geometry so that only the CAD
geometry isvisible.

Tip: From the Edit menu, select Appearance.
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Save your work

To save your work:

1 Saveyour model as suspension_parts.cmd.

2 Exit ADAMS/View.

Optional tasks

To turn off appearance of ADAMS/View geometry:

1 From the directory exercise_dirmod_12_suspension/suspension_cad/more_susp_cad, import
the rest of the CAD-based suspension component geometry.

These geometry files are called render files, which have an extension of .shl. Thereisone
filefor each ADAMS part.

2 Turn off the appearance of ADAMS/View geometry so that only the CAD geometry is
visible.
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Module review

1 Isthere any difference between a point-to-point measure and a function measure using a
displacement function (for example, DX(I, J, R))?

2  Where doesa CAD filefall in the model hierarchy? What isthe CAD file achild of?
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13 SUSPENSION-STEERING SYSTEM

Assembl e a suspension-steering system and inspect the toe angle that the
whee! exhibits at steering wheel angles of 60°, 0°, and -60°.

What's in this module

Add-On Constraints, 180

Couplers, 181

Assembling Subsystem Models, 182

Workshop 13—Suspension-Steering System, 183

o Module review, 188
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Add-On Constraints

Add-on (complex) constraints
= Set up relationships between existing constraints in a system.

» Connect parts directly and indirectly.

Types of add-on constraints

Screw Joints Axis of

translation
and rotation

First
Part
Second
Part
Couplers N
@ e N2
)
Joint 1 @
Gears int 2
Joint 1 i\V\r\nﬁ/f]omt

Qnnnay
Q % Q
IS Y
o §

OUL/\J\JQ
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Couplers

Definition of couplers

» Couplers connect multiple parts
indirectly by coupling 2 joints.

= Couplersremove 1 DOF, based on the
following equation:

S1gl1 +S292=0

where;

o S, S,-scaar multipliers

o (0 - allowable DOF in the driver
joint

o Q- alowable DOF in coupled
joints

Modeling of couplers requires:
« Twojoints

= Two scalar multipliers

Note: In ADAMSView, S;=-1.
It isalso possible to use a three-joint coupler.

Example of a coupler

As the steering shaft rotates
the rack translates
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Assembling Subsystem Models

When you assemble models
= Any number of models can be assembled.
» Assembling modelswill create a new model.

» All assembled models (modell, model2) will continue to exist in the database along
with the new model (model3).

/model_l \ ﬂ’nodel_z

rack __z

N AN

model_3

Parts in assembled models
» They maintain their global location and orientation, unless otherwise specified.
» If parts have the same name in different merged models, ADAMS/View will either:
o Mergethem into one part.

o Rename the parts.

See also: Model Hierarchy on page 22
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Problem statement

Assembl e a suspension-steering system and inspect the toe angle that the wheel exhibits at

steering wheel angles of 60°, 0°, and -60°.

Model description

= You will use the following two models in this workshop:

o A geometric representation of a short-long arm (SLA) suspension subsystem.

o A geometric representation of arack-and-pinion steering system.

» Therack-and-pinion steering model is constrained as shown next:

HP-17
Hoo.kg VJOII”I'[ HP-18
Revolute joint
between
steering-wheel-

column and body

HP-16

HP-13 Hooke joint

Translational joint
between rack

and body HP-15
' Cylindrical joint
i o between steering-shaft and body
Fixed joint
between body
and ground
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Start the workshop
Note that the file for this workshop is not in the current working directory.
To start the workshop:

1 Start ADAMS/View from the directory exercise_dirmod_13__susp_steer.

2 Fromthe directory exercise_dirmod_12_suspension_2, import the model that you created in
the previous module.

If you need a fresh copy of the model, change your working directory to
exercise_dir/mod_12_suspension_2/completed, then import the command file
suspension_completed.cmd.

Change working directory

Change the directory to exercise_dir/mod_13_susp_steer. Running ADAMS/View in this
directory ensures that all saved data gets stored there.

To change the working directory:

1 From theFile menu, select Select a Directory.

2 Change to exercise_dirfmod_13_susp_steer.
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Import the steering model

Import the steering model, shown below. It isin the command file steering_parts_start.cmd.
The file contains amodel named rack_and_pinion_steering.

steering_wheel_colum

intermittent_shaft

steering_shaft

rack

To import the model:

= Import the ADAMS model command file steering_parts_start.cmd.

Constrain the steering model

Now you'll constrain the steering model. Each time you add a modeling element, you'll
simulate the model to verify its movement.

To constrain the steering model:

1 Using the following function, apply ajoint motion to the revolute joint on the
steering_wheel_column:
Displacement(time) = 45d*sin(360d*time)

2 Simulate the model.

3 Coupletherotation of the steering_shaft with the translation of the rack, so that for every
7° of rotation the rack travels 1 mm.

4  To verify that the rack travels as expected, simulate the model.
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Assemble the suspension and steering models
To assemble the models:

1 Assemble the rack_and_pinion_steering model with the suspension model by doing the
following:

= From the Tools menu, select Command Navigator.

» Inthe Command Navigator, double-click model, and then double-click assemble.
The assembled model might be overconstrained.

2  Tofind duplicate joints, from the Tools menu, select Database Navigator. Then, do the
following:

= Set the top menu in the Database Navigator to Graphical Topology.
= Double-click the new model name, and then select part names.

= Delete duplicate joints.

3  Toredisplay measures for the model, from the Build menu, point to Measure, and then
select Display.
Run and compare a series simulations

In this section, you' Il run three ssimulations, each with different wheel angles. You'll then
compare the results of the simulations.

To run and compare a series of simulations:
1 Runasimulation with a 45° wheel angle.
2  Savethe smulation results as right_turn.

3 Runasimulation with a0° wheel angle.

4  Savethe simulation results as straight.

5 Runasimulation with a-45° wheel angle.
6 Savethe simulation results as left_turn.
7 Start ADAM S/PostProcessor.
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8 Plot toe_angle versuswheel height for all three simulations, on the same plot.

10 1
" = right tum

siraight

504

-1 T T
~100 0 -500 ] SO0 (L1 ite]

Save your work
To save your work:

1 Saveyour model.
2 Exit ADAMS/View.
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Module review

1 What information do you need to provide ADAMS/View to create a coupler?

2  What isthe default name that ADAMS/View assigns to simulation results?
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14 SPRING-DAMPER

Create and investigate the linear spring-damper system shown in thefollowing
figure, using different types of simulationsin ADAMS.

G

A
M: 187.224 Kg
K: 5.0 N/mm

K t:‘c C: 0.05 N-sec/mm

L Lo: 400 mm
FO: 0

v

v®

What's in this module:

= Assemble Simulation, 190

= Simulation Hierarchy, 191

= Types of Simulations, 192

= Forces in ADAMS, 194

= Spring-Dampers in ADAMS, 195

= Workshop 14—Spring-Damper, 197

o Module review, 202
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Assemble Simulation

Definition of assemble simulation

» Attemptsto resolve any conflictsin theinitial conditions specified for the entitiesin
the model (for example, broken joints).

= Isalso known asaninitial conditions simulation.

Initial location and orientation of parts
» You specify theinitial position and orientation for a part when you crezte it.
= For apart to be held fixed during the assemble simulation, you can specify up to three

positions (f(G, 96, 2G) and up to three orientations (psi, theta, phi).

S i @ 7/|_/|//////////// 7

Note: Useinitia positions sparingly. If you fix the initial positions of too many parts,
the assemble simulation can fail.
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Simulation Hierarchy

Assemble Simulation

Assemble

Nonlinear Linear

| |
Motion Study Equilibrium
Calculation(s)

Nonlinear

v

DOF =0 DOF >0

Eigensolution
or State Matrices

A 4 A4

‘ Kinematic* I | Dynamic* I - — 4
I
I = ,

* Automatically performs an assemble simulation

Note: Often alinear simulation is used after a static equilibrium or dynamic simulation.
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Types of Simulations

Static

System DOF > 0.

All system velocities and
accelerations are set to zero.

Can fail if the static solutionisalong
way from theinitial condition.

Dynamic

System DOF > 0.

Driven by a set of external forcesand
excitations.

Nonlinear differential and algebraic
eguations (DAES) are solved.

Kinematic

192

System DOF = 0.
Driven by constraints (motions).

Only constraint (algebraic) equations
are being solved.

Calculate (measure) reaction forcesin
constraints.

lGravity
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Types of Simulations...

Linear

= ADAMS can linearize the system of nonlinear equations of motion about a particular
operating point.

» Fromthelinear set of equations, you can ask for an eigen-simulation to obtain
eigenvalues and eigenvectorsfor the linearized system to:

o Visualize the natural frequencies and mode shapes of your system.

n  Compare with test data or results data from FEA.

Example of linear simulation

Vi » Must linearize about an operating point (often
i the equilibrium).

= Extraction of natural frequency.

»« Natura frequency = J%
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Forces in ADAMS

Definition of forces
= Try to make parts movein certain ways.
= Do not perfectly connect parts together the way constraints do.
» Do not absolutely prescribe movement the way motion drivers do.

= Neither add nor remove DOF from a system.

Characteristics of forces

The characteristic: Defines:

Bodies Which parts are affected

Points of application Where the parts are affected

Vector components How many vector components there are

Orientation How the forceis oriented

Magnitude If the forceis pre-defined or user-defined
194
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Spring-Dampers in ADAMS

Definition of spring—dampers

» They are pre-defined forces.

= They represent compliance:

o Between 2 bodies. | marker

o Acting over adistance.

o Along or about one
particular direction.

Characteristics of spring—-dampers

The characteristic: Defines:

Bodies Two (A, B)

Points of application Two (I and J marker)

Vector components One
Orientation (only for Acts aong the line of sight between the | and J markers
transiational) » Positive force repels the two parts

» Negative force attracts the two parts

Magnitude Pre-defined equation based on either:
»  Stiffness and damping coefficients (linear)

» Splines based on test data (nonlinear)

See also: Characteristics of a spring-damper on page 289
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Magnitude of Spring—-Dampers

Magnitude based on stiffness and damping coefficients

» Linear spring-damping relationship can be written as:

Forcesppp = - k(g - dg) - cq + Fg
where:

g- Distance between the two locations that define the spring-damper
¢ - Relative speed of the locations along the line-of-sight between them
k - Spring stiffness coefficient (always > 0)
c- Viscous damping coefficient (always> 0)
Fo - Reference force of the spring (prel oad)
Jo - Reference length (at preload, always > 0)
t- Time

» InADAMS, the user-defined equation is:
- k*(DM(1, J) - qg) - C*VR(l, J) + Fq

Linear Spring Linear Damper

I:k I:c

Fi = -k(d-dg) + Fo F. = -c(dg/dt)

N —C

A

qu"'FO\

Fol---- >

| — _do/dt
Qo free IenNgth g

»  Spring-damper forces become ill-defined if endpoints become coincident because of
undefined direction.
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Problem statement

Create and investigate the linear spring-damper system shown next, using different types of
simulationsin ADAMS.

7777
M: 187.224 Kg
K: 5.0 N/mm
K I::,C C: 0.05 N-sec/mm
L Lo: 400 mm
Fo: 0
v®

Start the workshop

To start the workshop:

1 Start ADAMS/View from the directory exercise_dirimod_14_spring_damper.
2  Create anew model called spring_mass.

Build and constrain the model

To build and constrain the model:

1 Build the block with the given mass.

2  Congtrain the block to move only in the s direction.

Tip: Add atrandational joint.

3 To verify expected behavior, simulate the model.
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Add the pre-defined spring—-damper
To add a pre-defined spring—-damper:

1 Create the spring-damper between the cm marker of the block and a point on ground
400 mm aboveit.

Make sure that the spring-damper is aligned along the s direction.

2 Toensurethat the spring-damper length at preload is 400 mm with a preload of 0, from
the Tools menu, select Measure Distance.

Find the force in spring—damper at static equilibrium
To find the force at static equilibrium:

1 Run astatic equilibrium ssimulation.
2 Notethe value of the force graphic.
3 Zoom out.

The block’s massis 187.22 Kg. Therefore, to balance the force of gravity, the
spring-damper must generate:

187.224kg*9806.65mm/s2(=1836.04 N)
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Run a simulation and create a measure
To run a simulation and create a measure:

1 To seeoscillation, run a2-second, 50-step dynamic simulation.

2  Create a point-to-point measure, named Spring_Length, to measure the spring’ s length.
Measure the upper spring-damper attachment point, with respect to the block’s cm
marker.

Spring_Length
1200.0

1000.0
E 8000

600.0

400.0
0.0 05 1.0 1.5 2.0

The measured value at t=0 should be 400 mm.

Find the natural frequency
To find the natural frequency:

1 Runalinear smulation and linearize about the equilibrium position.

2 Note the natura frequency, and compare this value with that given in Closed-form
solution, on page 201.

Save your work

To save your work:

1 Savethe model.
2 Exit ADAMS.
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Optional tasks
Add a DOF to the model:

Modify the trandational joint to be acylindrical joint.

(=Y

2 Linearize about the static equilibrium position.

Do the resulting modes make sense?
3 Addatorsional spring-damper that resists the rotation of the cylindrical joint.
4  Linearize about the static equilibrium position.

Arethe results different from those above (no torsional spring-damper)?

5 Do not save your work.
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ADAMS results

W 0.8222 Hz

n

w (0.8222 Hz)(2 Otrad) = 5.168 rad/sec

n

Closed-form solution
Checking the natural frequency of the system:
At equilibrium:
mx+cx+kx = 0
X+ Zx+ Kx =0
m m
Laplace Transform is:

2, C 2 2
P+ls+ X g P2 w,s+w,” =0
m m

Therefore:

_ |k
o= K
k =5 N/mm = 5000 N/m

m = 187.224 kg

_ (5000
" \187.224

rad/sec

w, = 5.168 rad/sec
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Module review

1 Atdesign configuration, do the Z directions of markers referenced in arevol utejoint have
to be aligned? Does this information get reported when verifying a model ?
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15 NONLINEAR SPRING

Investigate the differences between alinear spring and anonlinear spring using
aspline function.

777

A
M: 187.224 Kg
K: 5.0 N/mm

K tjc C: 0.05 N-sec/mm

L Lo: 400mm
Fo: 0

v

v®

What's in this module:

= Single-Component Forces: Action-Reaction, 204
= Spline functions, 205

= AKISPL Function, 206

=  Workshop 15—Nonlinear Spring, 207

o Module review, 211
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Single-Component Forces: Action-Reaction

Characteristics of action-reaction single-component
forces (Sforces)

| marker

B cfo¥¢c®

J marker (+)

The characteristic: Defines:

Bodies Two (A, B)

Points of application Two (I and J markers)

Vector components One
Orientation Acts aong the line of sight (between thel and J
markers)

o Postiveforcerepelsthe two parts

o Negative force attr acts the two parts
Magnitude User-defined

See also: Characteristics of an action-reaction S-force on page 289

Note: ADAMS applies action and reaction forces to the | and J markers that it automatically
creates.

204 Nonlinear Spring



Spline functions

Test data that can be incorporated into a simulation includes
» Empirical datafrom suppliers or standard tablesfor:
o Nonlinear compliances (force versus velocity).
o  Curvesfor torque versus motor speed (torque versus angular velocity).
» Datataken from physical prototype smulationsfor:
o Accelerometer data (accel eration versustime).

n Tirelateral force as afunction of normal force and dlip angle.

To incorporate data into a simulation
» First, create aspline from either:
o Datapoints entered manually into the Spline Editor.

o Imported test datafrom afile.

y

-
(X1,Y1) Independent Variable - x

» Then, reference the spline through a spline function used in a motion or force.
Several interpolation methods are available (using the function type):

o Cubic-fitting method (CUBSPL)
o Akimafitting method (AKISPL)
o B-spline method (CURVE)
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AKISPL Function

Syntax for AKISPL function
AKISPL (x, z, spline, iord)
= X - Independent variable specifying the value along the x-axis.

= z- Optionally, a second independent variable specifying the value along the z-axis of
the surface being interpolated.

= spline - Spline used to map the one-to-one correspondence of the dependent variables
(y) against independent variable values (x or z).

= iord - Aninteger variable that specifies the order of the interpolated point (usualy O,
but can be 1 or 2).

Example of an AKISPL function

AKISPL (DM(1, J), 0, spline_1, 0)

DM (1, J) Force
X y

150 -1000 y A

200 -200 L/ .
250 -50 | >
300 0 300 DM (l,J)
350 50 /

400 200
450 100

Force

Note: You can create the CUBSPL and CURVE functions exactly asyou create the
AKISPL function.
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Problem statement

Investigate the differences between alinear spring and a nonlinear spring using a spline
function.

7

M: 187.224 Kg
K: 5.0 N/mm

K I::,C Lo: 400mm
L

Fo: 0

Start the workshop

Start by importing the model you created in the last workshop. Note that thisfileis not in the
current working directory.

To start the workshop:

1 Start ADAMS/View from the directory exercise_dirmod_15_spring.

2 Fromthe directory exercise_dirlmod_14_spring_damper, import the model that you created
in the previous module.

If you need a fresh copy of the model, import the command file
spring_damper_completed.cmd from the
directory exercise_dir/mod_14 spring_damper/completed.
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Replace the predefined spring—-damper

Now you will replace the spring-damper already in the model with a user-defined linear spring
damper.

To replace the spring—damper:

1
2

7

208

Delete the predefined spring-damper.

Create a user-defined spring using a single-component, action-reaction (two bodies),
force with a custom setting.

Modify the force function so it behaves like alinear spring:
» Usethe Function Builder.

» Usethel and J markers of the force object to define the displacement magnitude
function within the spring force calculation. Y ou may want to rename these markers
for easier reference from within the Function Builder.

Tip: Create an SFORCE with the K and C characteristic to see what your function
expression should look like.Y ou want to create the same expression in Function
Builder for your SFORCE using the DM and VR assist dialog boxes.

Create a measure, named spring_force, to measure the force magnitude in the single-
component force.

To see oscillations, run a 2-second, 50-step simulation.
Plot spring_force versus spring_length.

Note that the plot has aslope of 5. Thisis because the value of the stiffness coefficient for
the user-defined spring-damper is5 N/mm.

4000.0

3000.0

2000.0

Force (hewton)

1000.0

0.0 y T T T
200.0 400.0 600.0 800.0 1000.0 1200.0
Length (mm)

Save the ssimulation results as linear_force.
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Change the linear spring to a nonlinear spring

In this section, you change the spring damper you just created to a nonlinear spring. You'll
import spring stiffness data to define the spring properties.

To change the spring:

1
2

To import the spring stiffness data, from the File menu, select Import.

Set the following parameters, and then select OK.

= File type: Test Data

= Create Splines

= File to Read: exercise_dirlmod_14_spring/spring_data.txt

= Independent Column Index: 1 (Since the first column is the independent column.)
= Units: Force

= Model Name: .spring_mass

To open SPLINE_1 in the Spline Editor, from the Build menu, point to Data Element, point to
Spline, and then select Modify.

View the plot to understand the relationship between the deformation (x-axis) and
stiffness force (y-axis).

Tip: Inthe upper right corner, set View As to Plot.

Replace the force function describing the single-component force with an Akima spline
function.

Ensure that:
o Independent variable takes into account the spring’ s free length.
o Signsare correct.

o Asthe spring lengthens, the single-component force should apply a negative force
(tension).

Tip: Usetrial and error for the replacement.
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Compare the linear and nonlinear forces’
To compare the forces:

1 Verify that the nonlinear spring isworking properly by running a2-second, 50-step dynamic
simulation.

2  Savethe simulation results as non_linear_force.
3 Overlay thetwo plots:
= spring_force vs. spring_length for the linear_force simulation

= spring_force vs. spring_length for the non_linear_force simulation

Note that in the nonlinear case, the curve changes slope as spring_length increases.

6000.0

5000.0

4000.0

3000.0

Force (hewton)

2000.0

1000.0

0.0 N T T T
200.0 400.0 600.0 800.0 1000.0 1200.0
Length (mm)

Save your work
To save your work:

1 Saveyour model.
2 Exit ADAMS/NView.
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Optional tasks

1 Create asplinein the Spline Editor to represent a nonlinear damping force versus vel ocity:
From the Build menu, point to Data Element, point to Spline, and then select New.

2 Add the spline function representing a damping force to the single-component force
function so you have a nonlinear spring-damper in between the mass and ground.

Module review

1 What are the four inputs for a spline function?
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16 SUSPENSION-STEERING SYSTEM 11

Investigate the effect on toe angle when you replace the idealized constraint
between the lower control arm and ground with bushings, while the steering

whee! isheld at an angle of 0°.

What's in this module

= Bushings, 214
= Workshop 16—Suspension-Steering System I, 215

o Module review, 219
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Bushings

Definition of a bushing
» Pre-defined force.
» Represents compliance:
o Between two bodies.

o Along or about three vectors.

Characteristics of a bushing

Characteristic: Description:

Bodies Two

Points of application Two (action force at | marker and reaction force at
Jmarker)

Vector components Three translational and three rotational

Orientations Based on the J marker

Magnitudes Pre-defined equation based on:

(Fa Fy P+ T Ty, T)) . Stiffness matrix,[K|

« Damping maIrix,[C}

See also: Forces Tables (Incomplete), on page 321.
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Workshop 16—Suspension-Steering System 11

Problem statement

Investigate the effect on toe angle when you replace the idealized constraint between the lower
control arm and ground with bushings, while the steering wheel is held at an angle of 0°.

Model description

= Themodel isthe short-long-arm front suspension model combined with a steering
model that you created in the previous workshop.

= A spring-damper has been added to represent the force input of a coil-over shock.
= Currently, arevolute joint connects the lower control arm to the frame of the vehicle.

= You are going to replace the revolute joint with two bushings and investigate the
differences.
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Workshop 16—Suspension-Steering System 11...

Start the workshop
To start the workshop:

1 Start ADAMS/View from the directory exercise_dirfmod_16_susp_steer_2.

2 Import the command file susp_steer_2_start.cmd.

Run a baseline simulation

Y ou'll start by running asimulation with the model asit currently isto see how it performswith
arevolutejoint.

To run a baseline simulation:

1 Verify that the steering wheel angle is a constant 0°.
2 Runasmulation for 1 second with 50 output steps.

3 Savethe smulation results as with_joint.

Deactivate the revolute joint

Now, instead of removing the revolute joint, you'll just deactivate it soit isnot used in
simulations.

To deactivate the revolute joint:

1 Right-click the lower_grnd_rev revolute joint that currently exists between Lower_Arm and
ground.

2. Select (De)activate.
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Create bushings between Lower Arm and ground

Y ou will need to create two bushings because there are two connection points between
Lower_Arm and ground.

To create bushings:

1 From the Main toolbox, point to the Create Forces toolstack, and select the
Bushing q! tool.

2  Create the rear bushing with the following properties, using the options 2 Bod - 1 Loc, Pick
Feature:

= First Part - Lower_Arm

= Second Part - ground

= Location - HP4

= Direction Vector (+z axis) - Z-direction of .Lower_Arm.bushing_ref marker

3 Maodify the bushing to reflect the following properties:

Kmatrix C:matrix F)reloadmatrix
297 0 0 0 00 735 0 0 0 00 0
0O 297 0 0 0 O 0 73e5 O O 0O 0
0 O 1e8 0 0 O 0 0O 156 0 0 O 0
0 0 O 1le6 0 O 0 0 O 45 0 O 0
0 0 O 0 1e60 0 0 0 0 4e50 0
o 0 o o oo LO O 0 0 OO0 0

4  Create the forward bushing with the following properties:
= First Part - Lower_arm
= Second Part - ground
= Location - HP5
= Direction Vector (+z axis) - Z-direction of .Lower_Arm.bushing_ref marker

5 Modify the bushing to reflect the properties given in Step 3 above.
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Run a simulation to view the effect of adding the bushing
To run a simulation:

1 Run astatic simulation followed by a dynamic simulation for 1 second with 50 output
steps.

2  Savethe simulation results as with_bushings.

Review the results
To review the results:

1 Start ADAMS/PostProcessor.

2 Create aplot that contains the toe_angle measure using the simulation results with_joint
and with_bushings as a function of time.

3 Estimate the difference in the maximum toe angle between the two simulations and use it
to answer Step 4 in Module review, on page 219.

Siisp_shoy
100

etk _joint ; Tos_Arigie
= =yyih_buishings | Tos_Andls
r

Anghe (deg)

oo o1 a2 a3 e as o8 ar aa aa 10
Time (sec)

Save your work
To save your work:
1 Saveyour model.
2 ExitADAMS/View.
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Optional tasks

1 Replace the revolute joint between Upper_Arm and ground with two bushings. Use the
same bushing properties given for the bushing between Lower_Arm and ground.

2 Runastatic simulation followed by a dynamic simulation for 1 second with 50 output
steps.
3  Savethe simulation results as with_all_bushings.

4  Compare these toe_angle results with those from the previous two simulations.

Module review

1 What was the approximate difference in the maximum toe angle that was a result of
removing the revolute joint and replacing it with bushings?

2 Why did you perform a static simulation before the dynamic simulation after you added
the bushings?

3 Why did you not have to perform a static simulation before the dynamic simulation when
the Lower_Arm was constrained with the revolute joint?
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17 HAaTcHBACK |

Create the forces required to open the hatchback for the given Mazda M X-6
model.

lid

left_cylinder

left_shortarm left_piston

left_longarm

ground

-

What's in this module:

= Impact Functions, 222
= \elocity Functions, 224

= Workshop 17—Hatchback I, 225

o Module review, 229
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Impact Functions

Impact functions in ADAMS

= Areused with user-defined force elements to model contacts, impacts, collisions, and
SO on.

= Mimic nonlinear spring and damping forces that turn on and off depending on the
distance between two objects.

» Just like a compression-only spring-damper, ADAMS turns the force on when the
distance between two objects, g, becomes less than the user-specified reference
distance, gy

Fimpact = Off,ifg>qg

Fivpact = On,ifg<aqg

Applications of one-sided impact functions (IMPACT)

Applications of two-sided impact functions (BISTOP)
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Impact Functions...

Syntax for IMPACT function
IMPACT(q, q, a1, k, & Cmax, d)
» (- Actua distance between the two objects (defined with a displacement function)

=« ( - Timerate of change of the variable q

= Q- Trigger distance used to determine when the contact force turns on and off; it
should be specified as areal, constant value

= k- Stiffness coefficient
= e- Stiffness force exponent
= C- Damping coefficient

» d- Damping ramp-up distance

In ADAMS, the one-sided impact force is calculated as

F=0ifg>q,

F = k(dy —0)° = Crey @* STEP(G, 4, —d, 1,03, 0) if < g

Compression-only spring force from Compression-only damping force from
one-sided IMPACT function one-sided IMPACT function
2P =10 C=f(a)
— N A
e=1 . d .
e>1 Crax | <

e<l1

v

v

gp-1 01 q
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Velocity Functions

Definition of velocity and acceleration functions

» Returnsscalar portions of velocity or acceleration vector components (translational or
rotational).

Syntax for velocity functions
= VM(L,[])
= VR(,[J])
= VX, VY, VZ(I,[3L[R], [L])

» Velocity function, VR, is used to define velocity along the line of sight, which is
commonly used in spring-dampers.

» |If the markers are separating: VR > 0.

» |If the markers are approaching: VR < 0.
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Problem statement

Create the forces required to open the hatchback for the given Mazda M X-6 model.

lid

L left_cylinder

left_shortarm left_piston

left_longarm

ground

Hatchback |
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Workshop 17—Hatchback 1I...

Model description
=«  When compressed, the force in each gas shock is 460 Newtons.
» The motion of the assembly islimited by stopsin the gas shocks at full extension.

= Parts are constrained as shown next:

Location: Parts: Type:
POINT_1 left_shortarm and ground Revolute
POINT_4 left_longarm and ground Revolute
POINT_2 left_shortarm and lid Spherical
POINT_6 left_cylinder and lid Spherical
POINT_8 right_cylinder and lid Spherical
POINT_3 lid and left_longarm Hooke
POINT_5 ground and left_piston Hooke
POINT_7 ground and right_piston Hooke
POINT_56 left_piston and left_cylinder Trandlational
POINT_78 right_piston and right_cylinder Tranglational

Start the workshop

To start the workshop:

1 Run ADAMS/View from the directory exercise_dirlmod_17_hatchback_1.
2 Import the model command file hatchback_start.cmd.

Deactivate movable parts not used for simulation

To deactivate parts:

1 Deactivate right_shortarm.
Tip: Right-click the part.

2  Deactivate right_longarm.
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Create forces to represent gas shocks with limit stops

To create forces:

1

Create markers on the relevant parts at POINT_5 and POINT_6, and use these markersto
create the spring-damper in the next step.

Create a spring-damper between left_piston and left_cylinder at POINT_5 and POINT_6 using
the following parameters:

= Stiffness: 0.21578 (N/mm)
= Damping: 1.0 (N-sec/mm)
= Preload: 460 N

Create a spring-damper between right_piston and right_cylinder at POINT_7 and POINT_8
using the following parameters:

= Stiffness: 0.21578 (N/mm)
= Damping: 1.0 (N-sec/mm)
= Preload: 460 N

Create an impact force between left_piston and left_cylinder at markers pis_impact and
cyl_impact, using the following parameters:

= Stiffness: 1e5 (N/mm)

= Stiff exponent: 1.01

= Damping: 100 (N-sec/mm)

= Bump stops (trigger distance): 25 mm

= Damping ramp-up distance: 1e-3 mm
Note that pis_impact belongs to the left_piston and cyl_impact belongs to the left_cylinder.

4— cyl_impact pis_impact

\ left_piston

25mm
trigger distance

left_cylinder
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5 Create an impact force between right_piston and right_cylinder at markers pis_impact and
cyl_impact using the following parameters:

= Stiffness: 1e5 (N/mm)

= Stiff exponent: 1.01

= Damping: 100 (N-sec/mm)

= Bump stops (trigger distance): 25 mm

= Damping ramp-up distance: 1e-3 mm

Simulate the model

Simulate the model to make sure that the hatchback opens and stops at a reasonable angle.

Save your work
To save your work:

1 Saveyour model.
2 Exit ADAMS/NView.

Optional tasks

Do not save these changes you make in this section because you will use thismodel in the next
workshop.

» Closethelid after it has opened all the way.
There are many waysto do this. Use the method with which you are most comfortable.
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Module review

1 Arethere any limitationsto the trigger distance used in an IMPACT function? In other
words, can you choose any value?

2 Could you use the IMPACT function to represent a hardening
compression-only spring?
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Find the approximate maximum force at the winglet required to close thelid
in three seconds, for the given Mazda M X-6 hatchback model.

lid

left_cylinder

left_piston

left_shortarm

left_longarm

ground

N

What's in this module:

= STEP Function, 232

= Scripted Simulations, 233
= ADAMS/Solver Commands, 234

= Workshop 18—Hatchback Il, 235

o Module review, 240
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STEP Function

Definition of a STEP function

» InADAMS, the STEP function approximates an ideal mathematical step function
(but without the discontinuities).

= Avoid discontinuous functions because they lead to solution convergence difficulties.

= The STEP function steps quantities, such as motions or forces, up and down, or on
and off.

Note: A STEP function is used when a value needs to be changed from one constant to
another.

Syntax for STEP function
STEP (d, dy, f1, 0o, f2)
where:
g - Independent variable
g, - Initial value for q
f, - Initial valuefor f
g, - Final valuefor g
f, - Final valuefor f

Note: gl <g2
Example
10.0
STEP (time,1,5,3,10)
7.5
>0 2.0 4.0

Time
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Scripted Simulations

In ADAMS/View there are two ways to run a simulation
» Scripted

= Interactive

Simulation scripts
= Let you program the simulation before submitting the simulation.
» Letyou quickly repeat a simulation with the same set of parameters.
= Let you perform more sophisticated s mulations.
» Arerequired for design studies, design of experiments, and optimization simulations.

= Simulation scripts are children of amodel, and are, therefore, saved in acommand
file.

Types of scripted simulations in ADAMS/View
« Simplerun
« ADAMS/View commands
» ADAMS/Solver commands
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ADAMS/Solver Commands

Scripted simulations based on ADAMS/Solver commands
= ADAMS/Solver commands let you perform sophisticated ssmulations, such as:
o Changing model parameters during a simulation.

o Using different output step sizes over different smulation intervals (versus
specifying only one duration and output step size).

o Using different solution parameters (such as convergence tolerance) over
different intervals.

» Example of asimulation script that changes model topology while you work on your

model:
output/noseparator
simulate/dynamic, end=3.0, steps=30
deactivate/joint, id=3
simulate/dynamic, duration=2.0, steps=200
Before: After:
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Problem statement

Find the approximate maximum force at the winglet required to close the lid in three seconds,
for the given Mazda M X-6 hatchback model.

/

lid

L left_cylinder

left_shortarm left_piston

left_longarm

ground

Model description
In this workshop, you use the model you built in the module Hatchback 1.

Start the workshop
To start the workshop:

1 Start ADAMS/View from the directory exercise_dirmod_18_hatchback_2.

2 From the directory exercise_dirimod_17_hatchback_1, import the model that you created in
the previous module.

If you need a copy of the model, import the command file hatchback 1 completed.cmd
from the directory exercise_dir/mod_17_hatchback_1/completed.
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Determine steady-state rotation of left_shortarm

To determine rotation:

1  Create a measure named shortarm_rotation for the rotation of the left_shortarm with respect
to ground. Measure the rotational displacement of the left_shortarm_rev joint.
Tip: Select .ground.MAR_7 asthe From/At marker to ensure the correct sign on theangle
measure.
2  Plot the shortarm_rotation versus time.
3 From the shortarm_rotation plot, determine the steady-state angle of the left_shortarm.
Close the lid

Currently the lid opens because of the preload in the springs and stops opening because of the
impact forces.

Y ou need to rotate the left_shortarm to closethelid, as shown next. To rotate the left_shortarm,
apply ajoint motion to the left_shortarm_rev joint.

236

lid closing

closing motion
on left_shortarm

lid closed

left_shortarm
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To create a motion to close the lid:

1 Create ajoint motion on the left_shortarm_rev joint.

2 UseaSTEP function to modify the motion to drive the lid to the closed position:

» Start the STEP function at the steady-state rotation of the left_shortarm at 4 seconds
(determined earlier).
« Endthe STEP function at 0° rotation of the left_shortarm at 7 seconds.

Steady state
opening angle

motion deactivated step

Rotational Motion

0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0

Steady state time

Perform a scripted simulation

In this section, you'll create a simulation script containing ADAM S/Solver commands that
deactivate the motion and run a simulation, then activate the motion and run a second
simulation.

To create the script:

1 From the Simulate menu, point to Simulation Script, and then select New.
2 Set Script Type to ADAMS/Solver Commands.
3  Enter the following ADAMS/Solver commands:

DEACTIVATE/MOTION, id=1
SIMULATE/DYNAMIC, END=4, STEPS=40
ACTIVATE/MOTION, id=1
SIMULATE/KINEMATIC, END=7, STEPS=30

4  Sdlect OK.
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To perform a scripted simulation:

1 From the Simulate menu, select Scripted Controls.
2  Enter the name of the script that you created.

3 Select the Play tool.

Create measures

To create measures:

1 Create amotion measure where the characteristic is the torque required to close the lid.

2  Deactivate this measure because it is dependent on the motion that is deactivated when
the scripted simulation starts.

3 From the Edit menu, select Deactivate.

Inspect measures
To inspect measures:

1 Plot reaction torque versus time.

Approximate torque required to close the lid

1.5e5

Nmm

-1.0e5 | | | | | |
0.0 35 7.0

sec
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2 Edit the curve to plot the approximate force required to lower the lid in 3 seconds.

To edit the curve use the Scale a Curve tool ﬁﬂ to divide motion torque by a moment arm
of 700 mm:

» To accessthe Scale a Curve tool, in ADAM S/PostProcessor, from the View menu, point
to Toolbars, and then select Curve Edit Toolbars.

A new toolbar appears.
= Select the Scale a Curve tool, and follow the instructions on the status bar.
3 Delete the motion torque curve to display only the force curve.

Tip:  Use appropriate time limits (4 to 7 sec).

Approximate force required to close the lid
200

------

N

0.0

0.0 | | | | | | | 4.0 - | ‘7.0
sec

4 Note the approximate maximum force required to close the lid. Use the value to answer
Question 1 in Module review on page 240.

Save your work
To save your work:

1 Saveyour model.
2 Exit ADAMSView.
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Optional tasks

1
2

4

Deactivate the motion.
Apply asingle-component force perpendicular to the winglet.
The magnitude of the force should be zero from 0-4 sec, so the lid can open.

The magnitude should step up to a constant value, enough to close the lid back to or past
itsoriginal position in three seconds (4-7 seconds).

Simul ate the model.

Because you do not modify the model topology, you do not need a script for this
simulation.

Install stops that keep the lid from closing too far (or past its original location).

Module review

1

240

What is the approximate maximum force required to close the lid?

Isit possible to modify aforce from one constant value to another instantaneously, such
as shutting off a motor’ s torque?

Isit possible to use different output step sizes over different intervals by submitting an
interactive simulation?
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Use ADAMS/Solver to simulate the given Mazda M X-6 hatchback model.

lid

left_cylinder

left_piston

left_shortarm

left_longarm

ground

N

What's in this module:

= ADAMS/Solver Overview, 242

= Files in ADAMS/Solver, 243

= Example of an ADAMS/Solver Dataset (.adm) File, 244
= Stand-Alone ADAMS/Solver, 245

= Workshop 19—Hatchback Ill, 246

o Module review, 251
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ADAMS/Solver Overview

ADAMS/View

Integrated
ADAMS/Solver

Import Export

Analysis files Dataset
.out .gra .adm
.req .res

Input

Interactive
Input Solver
-
commands
ADAMS/Solver
OR
ADAMS
< | Command file
Input
.acf

Output ¢

Message file
.msg
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Files in ADAMS/Solver

ADAMS/Solver dataset files (.adm)
= Statements define an element of amodel such as a part, constraint, force, and so on.

» Functions are numeric expressions that define the magnitude of an element such asa
force or motion.

ADAMS/Solver command files (.acf)

Commands define an action that needs to be taken during a simulation.

See also: ADAMS/Solver Commands on page 234
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Example of an ADAMS/Solver Dataset (.adm) File

Pendulum
! SYSTEM UNITS ---ermmmeemmev

UNITS/FORCE = NEWTON, MASS = KILOGRAM, ,LENGTH =
MILLIMETER, TIME = SECOND

lomeeee STATEMENTS FROM ORIGINAL DATASET -----

MATERIAL/1, NAME = steel, YOUNGS_MODULUS = 2.07E+005,
, POISSONS_RATIO =0.29

, DENSITY = 7.801E-006

!

PART/1, GROUND

!

MARKER/1, PART =1

!

MARKER/5, PART =1, QP = 175, -225, 0

!

PART/2, MASS = 70.94, CM = 3, IP = 2.01E+006, 1.80E+005
, 2.01E+006, MATERIAL = steel

!

MARKER/2, PART = 2, REULER = 37.87498365D, 90D, 0D
!

MARKER/3, PART =2, QP = 175, -225, 0, REULER = 37.87498365D, 0D, 0D
!

MARKER/4, PART =2

!

GRAPHICS/1, CYLINDER, CM = 2, LENGTH = 570.08, RADIUS = 71.26
!

JOINT/1, REVOLUTE, 1=4,J=1

!

REQUEST/1, DISPLACEMENT, 1=3,J=5, RM=5

ACCGRAV/JGRAYV = -9806.65

OUTPUT/REQSAVE, GRSAVE

RESULTS/

!

MOTION/1, ROTATIONAL, JOINT = 1, FUNCTION = 30.0d * time

!

END
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Stand-Alone ADAMS/Solver

Simulations in stand-alone ADAMS/Solver
« Interactive:
o Not scripted: enter commands one by one.
o Scripted: use an ADAMS/Solver command file (.acf).

» Batch - Run multiple jobs in the background using an ADAM S/Solver command file
(.acf).

Note: ADAM S/Solver command files must start with the name of the model to be analyzed
and must end with a STOP command.

You can run simulations externally in ADAMS/Solver from within
ADAMS/View
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Problem Statement
Use ADAMS/Solver to simulate the given Mazda M X-6 hatchback model.

o d

‘n._ left_cylinder

left_shortarm left_piston

left_longarm

ground

Model description
In this workshop, you use the model you saved in Workshop 18—Hatchback II, on page 235.

Start the workshop

1 Start ADAMS/View from the directory exercise_dirfmod_19_hatchback_3.

2 From the directory exercise_dirimod_18_hatchback_2, import the model that you created in
the previous module.

If you need a copy of the model, import the command file hatchback 2_completed.cmd
from the directory exercise_dir/mod_18 hatchback_ 2/completed.

246 Hatchback Il



Workshop 19—Hatchback I11...

Export a dataset (.adm) file:

1 From the File menu, select Export.

2  Enter the following, and then select OK.
= File Type: ADAMS/Solver dataset.

= File Name: hatchback.adm.

Create an ADAMS command file (.acf)

1 Open atext editor (UNIX: vi or Jot; Windows NT: Notepad or Wordpad), and create an
ADAM S/Solver command file (.acf) that contains the following commands:

hatchback.adm (the .adm extension is optional)
hatchback_testl
OUTPUT/NOSEPARATOR
DEACTIVATE/MOTION, id=1
SIMULATE/DYNAMIC, END=4, STEPS=40
ACTIVATE/MOTION, id=1
SIMULATE/KINEMATIC, END=7, STEPS=30
STOP

2  Savethefile as hatchback.acf.
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Perform a simulation in stand-alone ADAMS/Solver

To perform asimulation in stand-alone ADAM S/Solver, you use the ADAMS Program Menu,
amenu- and text-based interface that allows you to enter information on the command line.

To perform simulation:

1 Perform asimulation in stand-alone ADAM S/Solver using the command file. Use the

commands:

= adamsxx-c (Displaysthe ADAMS Program Menu, -c is not needed on NT.)
= Tu-s (runs ADAM S/Solver with standard ADAMS executable.)

n (Sets interactive mode - you may not need this step on NT.)

= hatchback.acf (Identifies the .acf ADAMS/Solver file and runs the simulation.)
= exit (Exits ADAMS/Solver.)

Modify the dataset (.adm) file
Now change the spring stiffness in the .adm.
To change the spring stiffness:

1 Inatext editor, open hatchback.adm.
2 Modify the value of spring stiffness (for both springs) to 0.24 N/mm.
3 Savethefile as hatchback2.adm.

Modify the ADAMS command file (.acf)

Modify the .acf to run with hatchback2.adm.

To modify the .acf:

1 Inatext editor, open hatchback.acf.

2 Modify the first and second lines of the .acf file so they are:
hatchback2
hatchback_test2

3  Savethefile as hatchback2.acf.
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Perform a simulation in stand-alone ADAMS/Solver:

» Using the new command file, perform a stand-alone ADAMS/Solver simulation.

Compare the results of the two simulations in ADAMS/View:

Import both sets of results (hatchback_test1, hatchback_test2) into ADAMS/View, and then
compare them.

To import and compare the results:

1 From the File menu, select Import.

2  Enter the following, and then select OK.
= File Type: ADAMS/Solver Analysis (.req, .gra, .res)
= Model Name: hatchback

3 Inspect both smulations using animations and plotting.
4 Exit ADAMS/View.
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Optional tasks
Simulate the model in ADAMS/Solver:

1 Simulate interactively but without a script (no .acf file).
2 InaUNIX shell, enter the following commands:
= adamsi10-c
= ru-standard
w
= <CR> (Because you do not have an ADAMS/Solver command file (.acf), pressthe
enter key).
ADAMS/Solver starts.
3 InADAMS/Solver, enter:

» hatchback (the name of your ADAMS Dataset (.adm) file)

= hatchback_test3 (the desired output file names .gra, .res, .out, and so on)
ADAMS/Solver reads in the file and performs the assemble simulation.

4  Atthe ADAMS command prompt, enter commands one at atime in the same order in
which they appear in the .acf file.

5 After entering al the commands, exit ADAMS/Solver and import your results into
ADAMS/View so you can inspect them using animations and plotting.
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Module review

1  What isthe difference between a statement and a command?
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CAM-Rocker-VALVE

Design a cam profile based on desired valve displacement, and ensure that
thereis no follower liftoff when the cam is rotated at 3000 rpm.

Rocker

Spring

Guide (ground)

Cam Valve

Valve displacement
(mm)

Time (sec)

What's in this module:

= Splines and Point Traces, 254

= Curve Constraints, 255

= Automated Contact Forces, 256

=  Workshop 20—Cam-Rocker-Valve, 258

o Module review, 264
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Splines and Point Traces

Definition of spline from point trace

= A point trace tracks alocation of a marker or circle over time with respect to another
part.

» ADAMS/View can create atwo- or three-dimensional spline from atrace.

= Creating asplinefrom atraceis used to back-calculate (reverse engineer) the shape of
an existing part based on its motion (cam synthesis).

» When you trace an object and create a spline from it, the point or circle should move
in a smooth, even path.

» If the path is closed, you should simulate for one cycle only.
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Curve Constraints

Types of curve constraints in ADAMS
« Point-on-curve

= Curve-on-curve

Curve-on-curve constraints

= Used where a curved edge on one part always follows a curved edge on a different

part.
= Removetwo DOF.
=« Modeling of curve-on-curve constraints requires:
o Two parts
o Two curvesthat will always remain in contact

« Typical applicationsinclude general cam-to-cam systems.

Note: Curve-on-curve constraints do not allow lift off.

See also: DOF removed by curve constraints on page 320

Cam-Rocker-Valve
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Automated Contact Forces

Contact forces

» Arespecial forces acting on parts that are activated when part geometries come in

contact with each other.

» Havevaluesthat are determined by a set of contact parametersidentical to thosein

the IMPACT function.

= Multiple contact forces can be combined to create more complex contacts.

Contact pairs in ADAMS

circle-to-plane

circle-in-circle

sphere-to-plane

solid-to-solid

circle-to-circle O

point-to-curve

point-to-plane a

circle-to-curve O

curve-to-curve

curve-to-plane
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Things to note while creating automated contact forces

« Circle-to-curve
= Point-to-curve

=« Curve-to-curve

= Sphere-to-plane }

» Circle-to-plane

Cam-Rocker-Valve

The xy planes of the two reference
markers must be parallel.

The z-axis of the reference marker
(normal to the plane) must point away
from the plane and at the circle or sphere.
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Problem statement

Design a cam profile based on desired valve displacement, and ensure that there is no follower
liftoff when the cam is rotated at 3000 rpm.

Rocker

Spring

Guide (ground)

Cam Valve

Valve displacement
(mm)

Time (sec)

Model description
» Themodel represents a valvetrain mechanism.
= Thecamisbeng rotated at avelocity of 1 rotation per second.
» Therocker pivots about a pin attached to the engine block (ground).
» Thevalve displaces up and down as the rocker moves.

= When the valve moves, it lets small amounts of air in the chamber below it (not
modeled here).
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Start the workshop

1 Open ADAMS/View from the directory exercise_dirfmod_20_camrocker.

2 Fromthe directory exercise_dir/mod_19 camrocker/valve_train_start.cmd, import the
model command file valve_train_start.cmd.

The file contains a model named valve_train.

Apply motion

1 Apply joint motion to the valve-to-guide joint such that its displacement appearsas seenin
the following figure:

Add two step functions.
13 | — — — — — < -
0
|
| |
|
| + |
| |
| |
0 a3 L _
04 0.6 06 0.8
37— — — — —
|
|
— |
|
|
0
04 06 0.8

2 Runasimulation for 1 second, using 100 steps to verify that the valve displaces as aresult
of the joint motion.
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Create a cam profile
Use a point trace to create a cam profile.
To use a point trace:

1 From the Review menu, select Create Trace Spline.
2 Sdlect thecircle of the Rod and then the Cam.

3 Veify that you now have a spline representing the cam profile.

4  Runasimulation to verify that the Rod appears to move along the surface of the Cam.

Constrain the rod to the cam

1 Delete the joint motion on the valve to ground joint.
2  Create acurve-on-curve constraint between the Rod and the Cam.

3 Runasimulation to verify that the new constraint works.
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Measure the force in the curve-on-curve constraint

» Create aforce measure for the curve-on-curve constraint. Measure the force along the
z-axis of ref_marker, which belongs to the rod.

The curve-on-curve constraint applies a negative force that keeps the rod follower on
the cam, avoiding any liftoff.

0.75

0.0

-0.75
0.0 0.5 1.0

Time

Make the cam-to-rod contact more realistic
Now you’ll replace the curve-on-curve constraint with a circle-to-curve contact force.
To replace the curve-on-curve with circle-to-curve contact force:

1 From the Main Toolbox, right-click the Create Forces toolstack, and then select the Display
Palette tool.

Lé, N

4%

| et

Ef
0303
03034

X
i

— Palette tool

2 From the Create Forces palette, select the General Force-Based Contact Force tool g
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3

4

Enter the following contact array values (right-click the Contact Array text box and point to
Create to enter parameters):

= Stiffness (K): 1e6 (N/mm)
= Force exponent (e): 1.5

= Damping (C): 10 (N-sec/mm)
= Penetration depth (d): 1e* mm

= Static coefficient of friction (l15): 0.08
= Slip velocity (vg): 1 (mm/sec)
= Dynamic coefficient of friction (Li5): 0.05

= Transition velocity (V¢): 2 (mm/sec)

Run asimulation to check if liftoff occurs.

Prevent liftoff using a spring—damper

1

262

Add a spring-damper between the plate near the top of the valve and the top of the guide
(whichis part of ground) using the given construction points and the following
parameters.

= Stiffness (K): 20 (N/mm)

= Damping (C): 0.002 (N-sec/mm)

= Length at preload: design position

= Preload: 100 N

Find the static equilibrium of the model.

Do not reset the model before going on to the next step.

Run a dynamic simulation to view the effects of the spring starting from static
equilibrium.

Modify rotational motion on the cam to a speed of 3000 rpm.

Modify the spring-damper characteristics (stiffness, damping, and preload) to prevent
liftoff based on the new rotational speed of the cam.
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6 Tocheck for liftoff, measure the contact force.

Save your work

1 Savethe moddl.
2 Exit ADAMS/View.

Optional tasks
Change the shape of the follower:

1 Delete the circle-to-curve contact force between the Rod circle and the Cam curve.
2 Add asplineto the Rod that is a shape other than a circle and use that as the follower.

Change the grid spacing to 5mm in the x and y directions and draw the new follower
geometry on the grid.

3 Recreate the contact force between the Rod and the Cam using the new spline asthe
follower.

Use a curve-to-curve contact force.
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Module review

1 How many DOF are removed by adding a curve-on-curve constraint?

2  How many DOF are removed by a curve-to-curve force?
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21 TARGET PRACTICE 1

Compl ete the construction of a parametric gun.

What's in this module:

= Multi-Component Forces, 266
= Workshop 21—Target Practice |, 268

o Module review, 271
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Multi-Component Forces

Types of multi-component forces
= Vector force (three trandational components)
= Vector torque (three rotational components)

» General force vector (three trandational, three rotational components)

Characteristics of vector force

The characteristic: Defines:

Bodies Two

Points of application Two (action force at | marker and reaction force at
floating J marker)

Vector components Three trandlational

Orientations Based on reference marker (R marker)

Magnitudes (Fy, Fy, F) User-defined
Notes:
» Thefloating J marker always maintains the same |location asthe | marker.

» The characterigtics of other multi-component forces conceptually work the same way.
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Example of a force vector

= A vector force representing a contact between aball and a cantilever:

. ﬁl marker I marker belongs to part A
A LJ marker J marker belongs to part B but
floats its location with the |
; marker
B T kaarker

| , | R marker belongs to part B

L

» Because the Jmarker belongs to part B, the force acts on part B when the bodies
collide.

» Because the Jmarker moves with the | marker, part B knows where to apply the
reaction force.

Note: In the example, the Jand R markers must belong to the same part. However, the
R marker can belong to any part.

See also: Characteristics of a multi-component force on page 321
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Problem statement

Complete the construction of a parametric gun.

Model description

268

Currently, the model has al the geometry, parts, and constraints it needs.

There is a multi-component force between the marble and the launch pad that
represents the contact between those two objects (including friction).

There is a single component force representing the spring force between the hammer
and the launch pad.

The single-component force is designed so that it changes characteristics depending
on the type of simulation being run (static versus dynamic):

o If astatic simulation is run, the spring has a free length of 40 mm.
o If adynamic ssimulation is run, the spring has a free length of 100 mm.

Therefore, initially run a static ssimulation, so the marble falls on the hammer and
compresses the spring alittle. Then when you run a dynamic simulation, the spring
thinksit is compressed a great deal, and shoots the marble.

The model is aready parameterized with variables describing the elevation angle of
the launch pad and the stiffness and damping of the spring.

Y ou will only modify the stiffness of the spring.
Initially, the spring stiffnessis 20 N/mm.
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Start the workshop

Import the file to build the model target_practice.

To start the workshop:

1 Start ADAMS/View from the directory exercise_dimod_21_target_practice_1.

2 Import the model command file target_practice_start.cmd.

Create a contact between the hammer and the marble:

1 Runasimulation to see the forces that affect the model in its current configuration.

2  Create amarker on the hammer to represent the plane in the sphere-to-plane contact force
that you will create next.

1 From the Main Toolbox, right-click the Create Forces toolstack, and then select the Display
Palette tool.

Lé, N

4%

| et

Ef
0303
03034

X
i

}— Palette tool

2  From the Create Forces palette, select the General Force-Based Contact Force tool g

3  Create a sphere-to-plane contact force that represents the contact between the marble and the
hammer, using the following parameters (right-click the Contact Array text box and point to
Create to enter parameters):

= ki 100 (N/mm)
= e 1.01
= ¢: 1.0 (N-sec/mm)

=« d: 0.2mm
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The marbleisnot initially in contact with the hammer; therefore, you must precede each
dynamic simulation that you submit by a static equilibrium simulation.

Launch pad

Marble

Hammer

Launch spring

4 Using ADAMS/Solver commands, create a script that performs a static equilibrium
simulation followed by a dynamic simulation.

The script will make running simulations easier and will be needed for the design study
later.

5 Create ameasure of the marble’s global x displacement.

Simulate the model

1 Runasimulation.

2  Save simulation results.
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Include aerodynamic drag force

1

Create a multi-component force between the marble and ground whose directions are
aligned with the global. Use the following parameters to describe global x and y
components of the drag force:

s R =-12*p*V,*V *Cq*A

« Fy=-U2"p*V*V *Ca*A

where:

»  p=1.3e-9kg/mm3 = density of air

« V, =globa x component of the marble’s velocity
=V, =global y component of the marble’s velocity
« V,, = magnitude of the marble’'s velocity

»  C4=0.45=drag coefficient

=« A =11?=two-dimensional area of the marble face

Compare the x displacement of the marble for each set of ssimulation results (with and
without aerodynamic forces).

Save your work

1
2

Save your model.
Exit ADAMS/View.

Module review

1

What defines the force directions (Fy, Fy, and F) in aforce vector?
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22 TARGET PRACTICE 11

Find the launch-spring stiffness for the given model of a parametric gun that
will alow the marble to hit the target.

What's in this module:

= Sensors, 274
= Design Variables, 275
= Design Studies, 276

= Workshop 22—Target Practice Il, 279

o Module review, 281

273



Sensors

Sensors

Monitor any quantity of interest in amodel during a simulation, and take a specified
action when the quantity reaches or exceeds acritical value.

= Takeone of the following actions:

o Completely stop the ssmulation.

o If used with a script, sensors halt the current simulation and continue with the
next command in the script.

» A sensor basically represents an If/Then statement:
If quantity = value (+/- tolerance)

Then take a specified action

Example of using sensors with scripts

Monitor the reaction force in a constraint and deactivate the constraint when the force
exceeds a specified value.

Monitor the distance between two objects and reduce the solution step size just before
contact, to avoid convergence problems.
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Design Variables

Design variables
» Define independent parameters that can be tied to objects.

» Organize the critical parameters of the design into a concise list of values that can be
easily reviewed and modified.

Example

Y ou can create adesign variable called cylinder_length to control the lengths of all three
cylinders as shown next:

Cylinder_length = 150

Cylinder_length
Cyli nd;r_l ength
Cylinder_length

Cylinder_length = 300

Cylinder_length
Cylinder_length
Cylinder_length

<

Note: You can also use parametric analyses to automatically run a series of simulations that
vary your design variables.
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Design Studies

Trial and error method (manual iterations)

Model

= Parts

A4

Simulate View results

\ 4

= Joints

s Forces
A

Loop is repeated
several times

B

Design study method (automated iterations)

Design Variable

V)

Objective (O)

The loop goes through specified
number of iterations (i=1,n)

276

Manually change Completed
the variable
Model Results
« Parts »| Simulate | —» automatically
. generated
= Joints
= Forces
A
Is this
Variable the final
«— . .
Model gets changes No |\ iteration?
updated | automatically (i=n)

Tabular
report

Plot O versus V
(for each iteration)
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Definition of a design study
= Variesasingle design variable (V) across arange of values.
= Runsasimulation at each value.

» Reports the performance measure for each simulation.

From the results generated, you can determine
= Thebest value for V among the values simulated.

= The approximate design sensitivity of V (rate of change of performance measure with
respect to V).
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Sensitivity, S, at iteration, /

S = l-(oi+1_oi+oi_oi—l)
2V -V, VimVi

= Lookingat Trid 4 (i = 4):

S, = l((—0.62784)—0.017103 , (=0.017103) — 0.58166)
47 2 10.7-10.6 10.6 —10.5
S, = -6.0475

» S,istheapproximate slope at Trial 4 (tip_y_loc=10.6) in the plot.

Desi gn Study Summary stamp_height vs. tip_v_loc
15
Model Name : stamp —Current -06278
Date Run : 15:48:55 23-Dec-98

Objectives oo \7\

01) Minimum of stamp_height
Units :inch e
Maximum Value:  1.48945 (tria 1) '
Minimum Value: -0.627838 (trial 5)

Design Variables

V1) tip_Y_loc
Units sinch

Trial stamp_height tip_Y_loc Sensitivity

1 14894  10.300 -3.6131
2 11281  10.400 -4.5389
3 058166  10.500 -5.7262

[ 4 -0.017103  10.600 -6.0475 |
5 -0.62784  10.700 -6.1073
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Problem statement

Find the launch spring stiffness for the given model of a parametric gun that will allow the
marble to hit the target.

Model description

In thisworkshop, you use the model you created in Target Practice | on page 268.

Start the workshop

Import the file to build the model target_practice.
To start the workshop:

1 Start ADAMS/View from the directory exercise_dimod_22_target_practice_2.

2 Fromthedirectory exercise_dirmod_21_target_practice_1, import the model that you created
in the previous module.

If you need a copy of the model, import the command file
target_practice_1_completed.cmd from the directory exercise_dir/
mod_21 target practice_1/completed.
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Track when the simulation is complete

1 Create a measure that tracks the global y displacement of the center of the marble
(.target_practice.marble.cm) with respect to the ground plane (.target_practice.ground.GCS).

2  Create a sensor to determine when the ball passes the global xz plane.

Have the sensor monitor the global y displacement measure created earlier, and when it is
less than or equal to 0.0 mm, direct the sensor to:

= Generate an additional output step.

= Terminate the current simulation step and stop the simulation script.

Set up a design study

1 Create ameasure of the global x distance from the target center (.ground.target) to the
marble center (.marble._cm) and name it target_error.

2 Runadesign study that givesthe last value of target_error over six default levels of the
existing design variable, launch_spr_stiffness.

Target Error versus Launch Spring Stiffness
200.0

0.0

-200.0

-400.0

-600.0

-800.0
10.0 12.0 14.0 16.0 18.0 20.0

N/mm
3 Notethe approximate value of stiffness at which the marble hits the target.

Useit to answer Question 1 in Module review on page 281.

Save your work

1 Saveyour model.
2 Exit ADAMS/View.
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Optional tasks
Modify design studies:
1 Runadesign study where you vary launch_spr_damping from 0.02 to 0.10 Nsec/mm.

2 Runadesign study where you vary launch pad elevation_angle from 10 to 60 degrees.

Module review

1 What isthe approximate value of stiffness at which the marble hits the target?
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23 RECOMMENDED PRACTICES

What are the recommended practices in debugging a model?

What's in this module:

= General Approach to Modeling, 284

= Modeling Practices: Parts, 285

= Modeling Practices: Constraints, 286

= Modeling Practices: Compliant Connections, 287
= Modeling Practices: Run-time Functions, 288

= Debugging Tips, 290

283



General Approach to Modeling

Crawl-walk-run

284

Try to understand the mechanism from a physical standpoint.
Use building blocks of concepts that have worked in the past.
Add enhancements to the model while testing periodically.
Build kinematic models before building dynamic models.
Use motions to check models before applying forces.

Use motions which start with zero velocity.

Verify enhancements to a complex model on asimpler model first.
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Modeling Practices: Parts

Geometry associativity errors

Geometry may be added to the wrong part.

Mass properties

Using imported CAD-created geometry (IGES, STL, and so on) can yield inaccurate
mass properties.

Ensure inertiamatrix isrealistic.
Use aggregate mass for aquick check of system mass and inertia.

Use the Table Editor to do a quick check and potentially fix individual part masses
and inertia.

Small part mass and inertialead to unrealistically high frequencies.

Initial velocities

Check to see that part initial velocities are consistent (look in the .out file).

Dummy parts

Whenever possible, avoid using them.

If absolutely needed, constrain al six DOF and assign a mass of 0.0 (not 1e-20).

Design configuration

Build amodel close to assembled position.

Build amodel close to a stable equilibrium position, if possible.
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Modeling Practices: Constraints

Fixed joints
= Not needed, since two or more parts can be combined or merged into a single part.
= Anextrapart with afixed joint adds unnecessary equations to your system.

= When locking a part to ground, enormous torque may develop due to large moment
arms.

= If absolutely needed, then add fixed joints at the center-of-mass (cm) location of
lightest part.

» If locking a part to ground, consider assigning a very large mass/inertiato it so it can
behave like ground.

Note: Whenever possible, avoid using fixed joints.

Universal joints

When auniversal joint isat 90°, you get asingular matrix.

Motion
= Motion elements should only be functions of time.

» Do not use motion (functions) as afunction of variables (or states).

Note: Avoid redundant constraints.
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Modeling Practices: Compliant Connections

Spring-dampers

= Ensure that the marker endpoints (DM(I,J)) are never superimposed.

= Watch out for springs with very stiff spring constants.

= Waitch out for springs with no damping.

Bushings
Watch out for bushings with large rotations.

Recommended Practices
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Modeling Practices: Run-time Functions

Function Builder
» Assistsin building functions.
=« Assstsin function verification.

» Hasfunction plot capability.

Velocity

Make sure velocities are correct in force expressions. For example, in the damping function:
-c*VX(, j, j, _), the fourth term is missing.

Splines
= Approximate forces with smooth, continuous splines.
= Extend the range of spline data beyond the range of need.
» Cubic splines (CUBSPL) work better on motions than Akima.
= Akimasplines (AKISPL) work better on forces than Cubic.

» The Akimainterpolation method is faster and can be defined as a surface, but its
derivatives are generaly discontinuous.

IMPACTs/BISTOPs

= Do not use 1.0 for exponent on IMPACT or BISTOP functions.

» Modelswith IMPACTSs/BISTOPs should have slight penetration in design position
when doing statics.

Measures
= Set up measures of your run-time functions.
= Set up measures of components of your run-time functions.

» Ensurethat your function will not try to divide by zero.
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Modeling Practices: Run-time Functions

Contacts

Tires

Do not use 1.0 for exponent on IMPACT or BISTOP functions.

Models with contacts should have slight penetration in design position when doing
statics.

Models with tires should have slight penetration in model position when doing statics.

If only rear tires penetrate, the static position could be a“handstand.”

Use consistent units throughout the model (time, mass, stiffness, damping, and so on).

Choose units (mass, force, time, and so on) that do not require using very large or
very small numbers.

Be wary when your model contains numbers like 1e+23 or 1e-20.

Use appropriate units—when modeling large models such as an aircraft landing on a
runway, length units of millimeters may not be appropriate. Conversely, when
modeling small models such as a power window switch (made up of small moving
parts), using length units of meters may not be appropriate.

Use reasonabl e time units—high frequencies may be better modeled with time units of
milliseconds rather than seconds.

Gravity

Check magnitude and direction.

Check for multiple gravity elements.
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Debugging Tips

Model verify
= Lists number of moving parts, number of each type of constraint.
» ListsGruebler's count and actual DOF count.
» Listsredundant constraints.
» Reports misaligned forces/force elements, joints, and so on.

» Helpsidentify and eliminate causes for input warning (don't ignore).

Model topology
= Textor graphical model topology.
= Table Editor provides spreadsheet-like overview of model content.

Icon feedback

Broken icon in design configuration probably means incorrectly defined joint or force.

Table Editor

Convenient way to inspect and modify models (particularly large ones).

Interactive simulation

By default, is turned on.
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Model display update

As ADAMS performsthe ssimulation, you have the option to get immediate graphical feedback
of the smulation at every:

= Output step
= Integration step

= lteration

Icons visible during simulation

This may help you monitor behavior of model components.

Subroutines
= Check for their existence.

« While debugging a model, eliminate user subroutines so that they are not the source
of the error.

Gravity

Turning gravity off can accentuate modeling errors and make debugging easier.
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Debugging Tips...

Statics

292

When applicable, perform an initial static first.
If static solution fails:
o Turn on Model display update = at every iteration to provide additional insight.

o ldentify and eliminate the undesired static configuration—there could be more
than one static configuration and ADAMS could be finding the undesired one.

Check to seeif there are any floating parts.

Check the signs of applied forces.

Experiment with Alimit/Tlimit/Maxit/Stability.

Check if impacts areinitialy in contact; if not, they should be.

Running an initial dynamic simulation can help you determine why the model is not
finding static equilibrium.
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Dynamics

« If integrator failsto start-up:

0

0

0

O

O

0

Check sign and magnitude of forces.

Look at accelerations to understand what is happening.
Perform initial static analysisfirst.

Try aquasi-static smulation.

Try changing integrator parameter - HINIT.

Try adifferent integrator.

« If integrator failsin the middle of a smulation:

0

O

O

O

O

O

O

Look at animation and plots until failure, to understand simulation.
Decrease integrator parameter - HMAX.
Do not let the integrator step over important events.

Short duration events, such as an impulse can be captured by setting the
maximum time step, HMAX, to a value less than the impul se width.

Use HMAX so ADAMS/Solver acts as a fixed-step integrator
Decrease error.

Try adifferent integrator.

= If integrator takes very small steps.

0

0

L ook for sudden changes in force and motion input.

Rescale model to get more uniform numbers.

Velocities at time=0

Check initial velocities using the .out file.

Recommended Practices
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24 SwWITCH MECHANISM WORKSHOP

Problem statement

Determine the minimum force necessary to toggl e the switch mechanismto the
forward and rearward directions.

Switch Mechanism

Base Actuator
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Switch Mechanism Workshop...

Model description

The given switch model contains parts with shell geometry and mass properties:

Table 1. Parts

Part name: Geometry (shells): Mass (grams):
base (ground) base_main_geo (ground)

base_right front_geo

base_right_mid_geo

base_right _rear_geo

base_left front_geo

base_left mid_geo

base _left_rear_geo
actuator actuator_geo 1.52
right_contact right_contact_geo 0.51
left_contact left_contact_geo 0.51
right_follower right_follower_geo 0.1076
left_follower left_follower_geo 0.1076

The switch model contains construction points for adding the necessary modeling elements to
address the problem statement. They are:

296

Table 2. Construction Points

Point: Description:

POINT 1 Actuator to base pivot location

POINT_2 right_follower to actuator spring lower location
POINT_3 left_follower to actuator spring lower location
POINT_4 right_follower to actuator spring upper location
POINT_5 left_follower to actuator spring upper location
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Table 2. Construction Points (continued)

Point: Description:
POINT_6 Contains z-coordinate of base contact plane with
left_contact and right_contact at four corners
POINT_7 left_contact to base idealized constraint location
POINT_8 right_contact to base idealized constraint location
POINT_9 Location of base front contact surface with actuator
POINT_10 L ocation of base rear contact surface with actuator
POINT_11 L ocation of actuator front contact point with base
POINT_12 Location of actuator rear contact point with base
POINT_13 Location of right_contact to base mid-contact point
POINT_14 Location of left_contact to base mid-contact point
POINT_15 L ocation of force application

The switch model is mounted such that the model’ s global negative x-axis defines forward,
positive z-axis defines up, and y-axis defines left (see problem statement).

Switch Mechanism
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Section I: Test the right half with constraints only

Y ou can think of the switch mechanism as consisting of two halves. In this exercise, first
constrain the right half of the mechanism and perform akinematic simulation to visually verify
correct motion. Then, add spring and contact forces to the right half to ensure that the
mechanism actually toggles. Then, add more detail to the right half, introduce the left half, and
then finally perform a system-level simulation.

This section emphasi zes the crawl-walk-run method. In this section, you will craw!!

To import the model:

1
2

Start ADAMS/View from the directory exercise_dir'switch_workshop.

From the directory exercise_dir'switch_workshop/switch_start.cmd, import the model
command file switch_start.cmd.

This file contains commands to build a model named switch.

To set up modeling environment:

208

Turn the working grid off.

To modify the preset viewsin ADAMS/View so that they are relevant to the global
coordinate system, from the Tools menu, select Command Navigator.

The Command Navigator appears.

In the Command Navigator, from the View menu, select Management, and then select
Orient.

See Model description, on page 296 for an explanation of how the global axes are defined.

Preset the front view. All other views will be defined based on this front view. Ensure
that the preset views (front, top, and so on) are correctly defined based on the global
coordinate system.

To set the transparency of the actuator part to 80%, right-click the actuator, and then
select Appearance.

Turn off the visibility of the base part geometry, base_main_geo.
Deactivate the left_contact and left_follower parts.

Turn off the visibility of the left_contact and left_follower parts.
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9  Set gravity in the global negative-z direction.
The model view should look as follows:

To add constraints:
1 Display icons.

2  Constrain the actuator to the base at POINT_1 such that the only relative allowable degree
of freedom is rotation about y .

Establish areference marker with global orientation on the base (ground) part that makes

picking of global direction vectors easy. Setting the color and size of the marker aids in
referencing it later.

POINT 1
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3 Constrain the right_follower to the actuator at POINT_2 such that the only relative allowable

degree of freedom istransation along EG.

' POINT_2

4  Constrain the tip of the right_follower to the upper curve on the right_contact part.

When creating the curve-to-curve constraint, select the red circle at the tip of the
right_follower part, parallel to the global-xz plane.
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5 Constrain theright_contact part to the base at POINT_8 such that the only relative allowable

degree of freedom istranslation along y; .

This might not seem intuitive, but it ensures that there are no redundant constraints in the
model. It isagood modeling practice to remove all redundant constraints in your system
prior to performing a simulation.

6 Add displacement joint motion to the actuator-to-base revolute joint such that the
actuator oscillates sinusoidally with an amplitude of 15.1 degrees and one cycle per
second.

Test the model:

POINT_8

1 Verify the model.

Your system should have 0 degrees of freedom and no redundant constraints at this
configuration. If it does not, inspect the model to determine the discrepancy.

2 Simulate the model kinematically to visually verify correct motion, using an end time of
1 second with 100 output steps.

3 Saveyour work.

Switch Mechanism 301



Switch Mechanism Workshop...

Section Il1: Test the right half with front and rear contacts

Change the constraints on the right_contact part so that it can rotate and make contact with the
right front and rear terminals on the base part (it will rock back and forth like a see-saw). Use
the curve-to-curve constraint created earlier.

In this section you will start to walk!
To add detail to the connections between the right_contact and base parts:

1 Remove thetrandational joint constraining the right_contact to the base at POINT_8.

2 Constrain theright_contact to the base at POINT_13 such that the only allowable degree of
freedom is rotation about ¥ .

POINT 13
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3 Create acircle-to-plane contact force between the front end of the right_contact part and
the front right corner of the base part. Use a plane that is parallel to the global xy-plane at
POINT_6.

First, create amarker on the base part at POINT_6 whose xy-plane defines the plane of
contact and z-axis defines the side of the plane used by the contact force. When creating the
marker, try using the Z-Axis orientation option. This marker will be used as the plane
marker in the circle-to-plane contact force.

We recommend that you rename the plane marker used in this circle-to-plane force, asyou
will create three other forces of this type which all use the same contact plane.

%

i - right_contact_front_circle_geo
o~
I POINT_6 T' i

The contact parameter should be:

= Stiffness: 1e8 (milliNewton/mm)

= Force exponent: 2.2

= Damping: 1e1 (milliNewton-sec/mm)
= Penetration depth: 1e-3 mm

= Static friction: off

= Dynamic friction: off
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4  Create acircle-to-plane contact force between the rear end of the right_contact part and

rear right corner of the base part. Use aplanethat is parallel to the global xy-plane at
POINT_6 and the same contact parameters used in Step 3.

right_contact_rear_circle_geo

POINT_6

Use the same plane marker and contact array used in Step 3.
To add spring force to the right half:

1 Create aspring between the right_follower at POINT_2 and actuator at POINT_4 using the
following parameters:

= Stiffness: 852 (milliNewton/mm)

= Damping: 0.1 (milliNewton-sec/mm)

= Freelength: 9 mm

POINT 4

POINT 2

You need markersto create the spring. First create markers for each endpoint belonging to
the appropriate parts.
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2 Override default spring geometry by using these custom parameters:

With nothing selected, from the Edit menu, select Modify.

Filter on geometry, then double-click SPRING_1, then select spring_graphic (not
damper_graphic). To make it stand out, change the color to white.

Coil count: 10

Diameter of spring: 2.5 mm
Damper diameter atij: 0,0
Tip length atij: 0,0

Cup length atij: 0,0

To test the model:

1 Verify the model.

The system should now have one degree of freedom and one redundant constraint.
At thistime, does the redundant constraint affect what you are doing?
2 Simulate the model to visually verify correct motion.

Perform an initial static simulation, immediately followed by a 1-second, 200-step

dynamic simulation.

Switch Mechanism
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To replace the right_follower to right _contact curve-to-curve constraint
with a force:

1 Remove the curve-to-curve constraint between the tip of the right_follower and the upper
curve on theright_contact part.

2  Create acircle-to-curve contact force between the tip of the right_follower and the upper curve
on the right_contact part. Use the same contact array used in Step 3.

Verify that the arrow displayed when the curve is selected indicates the side of the curve
used by the contact force.

To test the model:

1 Verify the moddl.
Your system should have two degrees of freedom and no redundant constraints.
2 Simulate the model to visually verify correct motion.

Perform an initial static simulation, immediately followed by a 1-second, 200-step
dynamic simulation.
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To create stops (forces) between the actuator and base:

1  Create a sphere-to-plane contact force between the rear end of the actuator and the base part.

Asthe actuator rotates, its sphere strikes a surface parallel to the global-yz plane on the
base. Use the following parameters:

= Sphere: sphere on the actuator part at POINT_12 with aradius of 0.1 mm
= Plane: paralel to global yz-plane at POINT_10

» Contact parameters: same asin Step 3

POINT_12

POINT_10

First create a sphere on the actuator part at POINT_12. Use this spherein the
sphere-to-plane contact force.

Then create a marker on the base part at POINT_10 whose xy-plane defines the plane of
contact, and whose z-axis defines the side of the plane used by the contact force. Use this
marker as the plane marker in the sphere-to-plane contact force.

Modify the contact force and turn on the graphic force display for the first body
(.actuator).
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2

Create a sphere-to-plane contact force between the front end of the actuator and the base
part. Use the following parameters:

= Sphere: sphere on the actuator part at POINT_11 with aradius of 0.1 mm
= Plane: paralel to global yz-plane at POINT_9

» Contact parameters: same asin Step 3

POINT_11

POINT_9

First create a sphere on the actuator part at POINT_11. Use this sphere in the sphere-to-plane
contact force.

Then, create a marker on the base part at POINT_9 whose xy-plane defines the plane of
contact and whose z-axis defines the side of the plane used by the contact force. This
marker will be used as the plane marker in the sphere-to-plane contact force.

Turn on the force display for the first body (.actuator) again.

To test the model using the actuator motion input:

1

308

Verify the model.
Your system should have two degrees of freedom and no redundant constraints.
Simulate the model to visually verify correct motion.

Perform an initial static simulation, immediately followed by a 1-second, 200-step
dynamic simulation.

At thistime, you should see force graphics representing the stops at the actuator’s extreme
angular displacement configurations. If these stop forces are not returning a non-zero
value, further inspect the model.
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3 In ADAMS/PostProcessor, plot the torque at the actuator’ s revolute joint (due to the
motion input) versus time. On the same page, animate the model. Can you explain the
shape of the curve? Isthisintuitive?

Driving Torque on Actuator Joint
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To create force application:

1 Remove the motion applied to the revolute joint constraining the actuator to the base.

2 Apply aforce to the actuator part at POINT_15 in the positive xg direction, moving with
the body. Use the following function:
f(t) = -100*time

POINT_15

To test the model:

1 Verify the moddl.
Your system should have three degrees of freedom and no redundant constraints.

2  Create ameasure based on the force magnitude of the right front contact force between
theright_contact part and the base part.

3 Create asensor that triggers when the force magnitude of the right front contact force
(measured in the above step) is greater than or equal to ImN within a tolerance of
le-3 mN.

When sensed, ADAM S/Solver should terminate the current ssmulation step and continue
the simulation script.

Use the Function Builder to assist in referencing the expression you are monitoring. In the
Function Builder, get object datafor measures, select Browse, expand the force of interest,
and then select force. Then insert the object name into the text box of the Function Builder.
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Remember, the force applied to the switch is afunction of time. Before you run the
simulation, you do not know how much force needs to be applied to toggle the switch;
therefore, you do not know how long to simulate. For that reason, you create the sensor.
You will purposely simulate for alarger amount of time than is needed, letting the sensor
stop the simulation when the switch has been toggled.

4  Simulate the model to visually verify correct rearward toggle motion using a simulation
script based on the following ADAM S/Solver commands:

SIM/STATIC
SIMULATE/DYNAMICS,END=10.0,DTOUT=0.1
DEACTIVATE/SENSOR,ID=<your right front sensor id #>
SIMULATE/DYNAMICS,DURATION=0.5,DTOUT=0.1
By using this simulation script, the model will simulate until the switch istoggled
(assuming it toggles before 10 seconds), at which time the sensor is deactivated and the
model simulates an additional 0.5 seconds to review follow-on transient behavior.

5 Saveyour work.
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Section 111: Refine the right half of the mechanism

Replace the pivoting constraint at POINT_13 (the lower_contact to base revolute joint) with a
more realistic connection that accounts for dynamic phenomenal like diding and liftoff.

To refine right_contact connections:

1 Remove the revolute joint constraining the right_contact to the base at POINT_13.

.

POINT_13

2  Constrain theright_contact to the base at POINT_8 such that the only allowable degrees of
freedom are translation along z; and rotation about y; .

POINT_8

Thisinvolves creating two joint primitives.

You must ensure that the J marker of each primitive belongs to the base part, and not to
theright_contact part. Thiswill absolutely affect the ssmulation. See the instructor if you
do not fully understand this concept.
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3

Create a point-to-curve contact force between the underside on the right_contact part and the
mid-contact point, POINT_13, on the base. Use the same contact parameters asin Step 3

g

POINT_13

First create amarker on the base part at POINT_13. Usethis marker asthe point marker in
the point-to-curve contact force.

You must verify that the arrow displayed when the curve is selected indicates the side of
the curve used by the contact force.

To test the model:

1

Verify the mode.
Your system should have four degrees of freedom and no redundant constraints.

Simulate the model to visually verify correct rearward toggle motion using a simulation
script based on the following ADAM S/Solver commands:

simulate/static

simulate/dynamics, end=10, dtout=0.01
deactivate/sensor, id=<your right front sensor id #>
simulate/dynamics, duration=0.5, dtout=0.01

Note the force at which the switch toggles to the rearward direction when accounting for
only theright_follower and right_contact parts and corresponding connections.

Save your work now.

In Sections 1V and V you will incorporate the left half of the switch and add friction.
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Section 1V: Add the left half

Since the right half of the switch mechanism isworking properly at this time, follow Step 2
through Step 3 and add the left half of the mechanism. If desired, you can use a different
crawl-walk-run method to connect parts in the left half.

Below isacopy of the key locations that will help you define the left half connections:

Table 3. Key Locations

Point: Description:
POINT_1 Actuator to base pivot location
POINT_2 right_follower to actuator spring lower location
POINT_3 left_follower to actuator spring lower location
POINT_4 right_follower to actuator spring upper location
POINT_5 left_follower to actuator spring upper location
POINT_6 Contains z-coordinate of base contact plane with
left_contact and right_contact at four corners
POINT 7 left_contact to base idealized constraint location
POINT_8 right_contact to base idealized constraint location
POINT_9 L ocation of base front contact surface with actuator
POINT_10 Location of base rear contact surface with actuator
POINT_11 L ocation of actuator front contact point with base
POINT_12 Location of actuator rear contact point with base
POINT_13 Location of right_contact to base mid-contact point
POINT_14 Location of left_contact to base mid-contact point
POINT_15 L ocation of force application
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To connect the left_follower and left_contact:

= Reintroduce the left_follower and left_contact parts by reactivating them and ultimately
connect these parts to the switch mechanism the same way that you did for the
right_follower and right_contact parts.

To test the model:

1 Verify the model.
Your system should now have seven degrees of freedom and no redundant constraints.

2 Simulate the model to determine rearward toggle motion using a simulation script based
on the following ADAM S/Solver commands:

SIM/STATIC
SIMULATE/DYNAMICS,END=10.0,DTOUT=0.1
DEACTIVATE/SENSOR,ID=<your right front sensor id #>
SIMULATE/DYNAMICS,DURATION=0.5,DTOUT=0.01

3 Notethe force at which the switch toggles to the rearward direction now, when
accounting for both halves of the mechanism?

4  Simulate the model to determine forward toggle motion using a simulation script based
on the following ADAM S/Solver commands:

SFORCE/<original input sforce id #>, FUNCTION=100*TIME
SIM/STATIC
SIMULATE/DYNAMICS,END=10.0,DTOUT=0.1
DEACTIVATE/SENSOR,ID=<your left rear sensor id #>
SIMULATE/DYNAMICS,DURATION=0.5,DTOUT=0.01

Notice how you are reversing the input force applied to the actuator part through an
ADAMS/Solver command in the simulation script, as opposed to in the model’s design
configuration. You can modify aforce on-the-fly.

5 Notethe force at which the switch toggles to the forward direction when accounting for
both halves of the mechanism?

6 Saveyour work.
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Section V: Refine the switch

Y ou will now refine your model to account for friction.

To add friction to the circle-to-curve contact forces:

1 Modify the circle-to-curve contact force between the tip of the right_follower and the
upper curve on the right_contact part such that static and dynamic friction is accounted
for. Use the following default parameters for contact friction:

= Static Friction Coefficient: 0.09

= Slip Velocity: 1 mm/sec

= Dynamic Friction Coefficient: .05
= Transition Velocity: 10 mm/sec

Thiswill involve creating another contact array, since you do not necessarily want the
other contact forces to account for friction.

2 Moadify the circle-to-curve contact force between the tip of the left_follower and the upper
curve on the left_contact part such that static and dynamic friction is accounted for. Use
the same contact array you used in the previous step.

To test the model:

1 Verify the model.
Your system should still have seven degrees of freedom and no redundant constraints.

2 Simulate the model to visually verify correct rearward toggle motion using a simulation
script based on the following ADAM S/Solver commands:

SIM/STATIC
SIMULATE/DYNAMICS,END=10.0,DTOUT=0.1
DEACTIVATE/SENSOR,ID=<your right front sensor id #>
SIMULATE/DYNAMICS,DURATION=0.5,DTOUT=0.01
SIMULATE/DYNAMICS,DURATION=2.0,DTOUT=0.1
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3 Simulate the model to visually verify correct forward toggle motion using asimulation
script based on the following ADAM S/Solver commands:

SFORCE/<original input sforce id #>, FUNCTION=100*TIME
SIM/STATIC
SIMULATE/DYNAMICS,END=10.0,DTOUT=0.1
DEACTIVATE/SENSOR,ID=<your left rear sensor id #>
SIMULATE/DYNAMICS,DURATION=0.5,DTOUT=0.01
SIMULATE/DYNAMICS,DURATION=2.0,DTOUT=0.1

Note the force at which the switch toggles to the forward and rearward directions when
accounting for friction in the contact between the follower parts and the contact parts.
Were the effects of friction negligible in this mechanism?
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A TABLES

This appendix contains tables that describe the various elementsin
ADAMS/View.

What's in this module:
» Constraints Tables (Incomplete), 320
» Forces Tables (Incomplete), 321
= Constraint Tables (Completed), 322

= Forces Tables (Completed), 323

319



Constraints Tables (Incomplete)

Table 4. Joints—Degrees of Freedom Removed

Translation |Translation |Translation |Rotation |Rotation |Rotation Total:
along X: along Y: along Z: about X: |aboutY: |about Z: '
Fixed
Revolute
Translational
Cylindrical
Universal/hooke/
Constant velocity
Spherical
Planar
Table 5. Curve Constraints—Degrees of Freedom Removed
Translation |Translation |Translation |Rotation |Rotation | Rotation Total:
along X: along Y: along Z: about X: |aboutY: |about Z: )
Point-to-curve
Curve-to-curve
Table 6. Joint Primitives—Degrees of Freedom Removed
Translation |Translation |Translation |Rotation |Rotation | Rotation Total:
along X: along Y: along Z: about X: |aboutY: |about Z: '
Orientation
Inline
Parallel axis
Inplane
Perpendicular
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Forces Tables (Incomplete)

Table 7. Pre-Defined Forces (Flexible Connections)

Translational Torsional Bushina: Beam: Field:
Spring-Damper: | Spring-Damper: 9- ’ '
Number of Bodies
Affected
Points of
Application
Number of
Components
Direction/
Orientation
Magnitude
Table 8. User-Defined Forces (Applied Forces)
Single-Component Forces Multi-Component Forces
Between 2 Between 2 |1 Body - Vector
Bodies Bodies Space bg’\?ﬂyf Force/ I(:Boernczr-al
Translational: |Rotational: | Fixed: g- Torque: '
Number of

Bodies Affected

Points of
Application

Number of
Components

Direction/
Orientation

Magnitude

Tables
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Constraint Tables (Completed)

Table 9. Joints—Degrees of Freedom Removed

Translation | Translation | Translation  Rotation Rotation Rotation Total:

along X: along Y: along Z: about X: about Y: about Z: '
Fixed J J J v Jv v 6
Revolute J J J J J >
Translational J J N4 J J 5
Cylindrical J N v J 4
Universal/hooke/ J J J J 4
Constant velocity
Spherical J J J 3
Planar J J J 3

Table 10. Curve Constraints—Degrees of Freedom Removed

Translation |Translation Translation Rotation Rotation Rotation Total:

along X: along Y: along Z: about X: about Y: about Z: '
Point-to-curve v v 2
Curve-to-curve J J 2

Table 11. Joint Primitives—Degrees of Freedom Removed

Translation |Translation | Translation | Rotation |Rotation | Rotation Total:

along X: along Y: along Z: about X: |aboutY: about Z: )
Orientation J J J 3
Inline J N4 2
Parallel axis J J 2
Inplane J 1
Perpendicular J 1
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Forces Tables (Completed)
Table 12. Pre-Defined Forces (Flexible Connections)
Sprmg-D_amp.er Spr|r_lg-Da}mper Bushing: Beam: Field:
Translational: Torsional:
# Bodies 2 2 2 2 2
Affected
. 2 2 2 2 2
Zo'r‘li a‘;fon (1 & Jmarkers) (I & Jmarkers) (18&J (18&J (18&J
PP markers) markers) markers)
Number of 1 1 6 6 6
Components
P Line of sight Z-axis of Jmarker | Jmarker Jmarker Jmarker
8:2?1{;%” betweenthe (I & J
markers)
Magnitude Defined by parameters, such as stiffness, damping, cross-sectional area.
Table 13. User-Defined Forces (Applied Forces)
Single-Component Forces Multi-Component
Forces
Between 2 Between 2 Vector
Translational:  Rotational: P ’ 9- Torque: )
Number of 2 2 1 1 2 2
Bodies Affected
, 2 2 1 1 2 2
ZO'”'FS °tf (1 & IJmarkers)  (1&J (I marker) | (I marker)  (1&J (18&J
pplication markers) markers)* | markers)*
Number of 1 1 1 1 3 6
Components
Direction/ Line of sight A-axis of Z-axis of Z-axis of R marker | R marker
Orientation betweenlandJ = Jmarker J-marker J marker
markers
Magnitude Defined by whole functions of which the user must take ownership.

* The J markers created for a vector force/torque and a genera force are floating markers.

Tables
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B ANSWER KEY

What's in this appendix:

Answer Key for Workshop 1, 326
Answer Key for Workshop 2, 326
Answer Key for Workshop 3, 326
Answer Key for Workshop 4, 327
Answer Key for Workshop 5, 327
Answer Key for Workshop 6, 327
Answer Key for Workshop 7, 328
Answer Key for Workshop 8, 328
Answer Key for Workshop 9, 328
Answer Key for Workshop 10, 329
Answer Key for Workshop 11, 329
Answer Key for Workshop 13, 329
Answer Key for Workshop 14, 329
Answer Key for Workshop 15, 330
Answer Key for Workshop 16, 330
Answer Key for Workshop 17, 330
Answer Key for Workshop 18, 331
Answer Key for Workshop 19, 331
Answer Key for Workshop 20, 331
Answer Key for Workshop 21, 331

Answer Key for Workshop 22, 331
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Answer Key for Workshop 1

Question 1, page 21: 269 mm

Question 2, page 21: 269 mm. Thisis the same as the previous results.

Question 3, page 21: 267.87 mm

Question 4, page 21: 6 - 5 make up the stamper mechanism, while 1 makes up the part parcels.

Question 5, page 21: 8 - 7 are on the stamper mechanism, while 1 keeps the parcels moving
trandationally.

Question 6, page 21: Nothing, the conveyor is simply a graphic attached to ground. It adds
nothing to the model other than for animation purposes.

Answer Key for Workshop 2

Question 1, page 38: There are nine constraints (two revolute, one trandational, three inplane, one
orientation, one motion, one curve_curve). Motions are considered constraints; these will be coveredin
detail later in the course.

Question 2, page 38: Yes

Question 3, page 38: No, part geometry isadirect child of apart. Part geometry isa*“grandchild” of a
model..

Question 4, page 38: Status bar

Question 5, page 38: Our technical support staff prefersto receive.cmd files. They are smaller in size,
and platform independent. Using .bin files is sometimes unavoidable, however.

Question 6, page 38: The find tool only searches the currently open pdf. The search tool (the one with
binoculars) searches all the documents.

Answer Key for Workshop 3

Question 1, page 55: 1.635 pound mass based on geometry and density

Question 2, page 55: 100 Ibf/foot

Question 3, page 55: Approximately 4.3 | bf
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Answer Key for Workshop 4
Question 1, page 74: 4903 mm
Question 2, page 74: 9807 mm/sec

Question 3, page 74: 9807 mm/sec?
Question 4, page 74: Coordinate system markers

Question 5, page 74: The ground part is automatically created - it must exist in every model. It
serves as a reference frame for the model.

Question 6, page 74: No, because ADAMS cannot calculate a volume for two-dimensional
objects. Y ou can, however, assign mass propertiesto apart that is made up of two-dimensional
geometry.

Answer Key for Workshop 5

Question 1, page 87: ~1.06 sec (can vary dightly depending on the sampling rate chosen).
Question 2, page 87: ~3180 mm (can vary slightly depending on the sampling rate chosen).
Question 3, page 87: The system constraint takes precedence.

Question 4, page 87: Y ou would have to constrain the stone to ground with arevolute (pin)
joint.

Answer Key for Workshop 6

Question 1, page 109: F, = -29.9N, F, = 17.24 N

Question 2, page 109: Approximately 0.61 Hz

Question 3, page 109: No, but if the two differ, theinitial conditionsin the constraint always
override the initial conditions of a part.

Question 4, page 109: .numan_hip.femur.MAR_1 and .human_hip.hip_bone.MAR_1. Draw it out on
the board in the hierarchy format. Which oneis| and which oneis J depends on the order in
which the parts were selected when creating the constraint.

Can the | and J markers for a joint belong to the same part? Why?, 109: No, a constraint
constrains two different bodies to one another.
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Answer Key for Workshop 7

Question 1, page 129: Between 16.5° and 17° (Exactly 16.7°).

Question 2, page 129: Friction is only automated for revolute, trandlational, cylindrical,
spherical, and hooke/universal constraints. By using forces, however, you can model friction on
other joints.

Question 3, page 129: | and J markers are automatically created when you add ajoint, motion,
or force to asystem. ADAMS uses | and J marker’ s relative displacement, velocity, and so on
to define equations that describe part movement.

Question 4, page 129: Once the joint crosses the stiction threshold velocity, it exits the stiction
phase and the maximum stiction displacement is ignored until the joint reenters the stiction
phase (comes to rest). One of these two parametersis reached first, the other parameter is
ignored until the joint enters the stiction phase again.

Answer Key for Workshop 8

Question 1, page 144: Construction geometry is two-dimensional, and solid geometry is three-
dimensional.

Answer Key for Workshop 9

Question 1, page 152: | and Jmarkers. The | marker belongsto thefirst body you selected when
the creating the joint. The J marker belongs to the second body you selected.

Question 2, page 152: The orientation of the | and J markers. For example, if you added
trandational motion to atranslational joint, the z-axis of the | and J markers would describe the
axis of trangation. The z-axis direction is positive.

Question 3, page 152: Y es. Even though they do not restrict movement, they still prescribe
movement, therefore, removing degrees of freedom.

Question 4, page 152: Yes. You must measure the torque generated by the motion not the
revolute joint.
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Answer Key for Workshop 10

Question 1, page 160: The order in which you chose the bodies (parts) should be the same as
the order in which you chose the corresponding locations and orientations.

Answer Key for Workshop 11

Question 1, page 168: A joint motion usesajoint to determineitsdirection and location. A point
motion does not require ajoint; it needs two bodies.

Answer Key for Workshop 12

Question 1, page 178: No. The point-to-point measureisjust aquicker and easier way to create
afunction measure of the displacement of one marker with respect to another.

Question 2, page 178: A CAD file represents geometry in amodel. Therefore, itisachild of a
part.
Answer Key for Workshop 13

Question 1, page 188: Y ou need to provide the two (or three) joints, and the one (or two) scalar
coefficients for the constraint equation.

Question 2, page 188: Last_run

Answer Key for Workshop 14

Question 1, page 202: No, in the design configuration they do not haveto be aligned. If they are
not aligned, however, ADAMS warns you during amodel verify or during the assemble
simulation. Also, during the assemble ssmulation, ADAMS realigns the markers for you.
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Answer Key for Workshop 15
Question 1, page 211

» First independent variable

= Second independent variable
= Spline name

» Derivative order

Answer Key for Workshop 16
Question 1, page 219: ~1.46 degrees (.0255 radians)

Question 2, page 219: To remove theinitial transient effectsin the dynamic system because of
mismatches in the preloading of the bushings.

Question 3, page 219: Because the model was kinematic, in this case (DOF=0), thereis no
initial transient response because you have specified the motion of the system for al pointsin
time.

Answer Key for Workshop 17
Question 1, page 229: Y es, it must be greater than zero (not negative and not zero).

Question 2, page 229: Yes, to model a hardening compression-only spring, the exponent, e,
must be greater than 1.
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Answer Key for Workshop 18
Question 1, page 240: Approximately 200 N.

Question 2, page 240: Y es. For example, you could simulate the model with output step sizes
of 0.01 seconds. When that simulation is complete, don’t reset the model. Start another
simulation with astep size of 0.001. Theresultsof that simulation will be seamless, but you will
notice a change when the step size changes. The animation changes speeds. A common reason
for doing thisisif you want the simulation to use smaller step sizes or be more accurate before
a contact.

Question 3, page 240: No, a Simple Run script only allows for one simulation.

Answer Key for Workshop 19

Question 1, page 251: A statement describes an element in amodel, such asapart or force. A
command tells ADAM S/Solver what to do with the model, such as ssimulate it or deactivate it.

Answer Key for Workshop 20
Question 1, page 264: A curve-on-curve constraint removes two translational DOF.

Question 2, page 264: A curve-to-curve contact force removes no DOF.

Answer Key for Workshop 21

Question 1, page 271: The reference marker (R marker)

Answer Key for Workshop 22
Question 1, page 281: Between 17 and 18 N/mm
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