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N-15 NONLINEAR SPRING

Investigate the differences between alinear spring and anonlinear spring using
aspline function.
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M: 187.224 Kg

K: 5.0 N/mm

K —|C C: 0.05 N-sec/mm
L Lo: 400mm

Fo: 0
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Single-Component Forces: Action-Reaction

Characteristics of action-reaction single-component
forces (Sforces)

B cforCe
J m.arker (+)

The characteristic: Defines:

Bodies Two (A, B)

Points of application Two (I and J markers)

Vector components One

Orientation Acts along the line of sight (betweenthel and J
markers)

+ Positiveforce repels the two parts
+ Negativeforce attracts the two parts

Magnitude User-defined

See also: Characteristics of an action-reaction S-force, on page 378

Note: MSC.ADAMS applies action and reaction forcesto the | and J markers that it
automatically creates.

222 Nonlinear Spring



Spline Functions

Test data that can be incorporated into a simulation includes

m Empirica datafrom suppliers or standard tablesfor:

+ Nonlinear compliances (force versus velocity).

+ Curvesfor torque versus motor speed (torque versus angular velocity).
m Datataken from physical prototype simulationsfor:

+ Accelerometer data (acceleration versustime).

+ Tirelateral force as afunction of normal force and dlip angle.

To incorporate data into a simulation
m First, create a spline from either:
+ Data points entered manually into the Spline Editor.
+ Imported test datafrom afile.

y

(X1,Y1) Independent Variable - x

m  Then, reference the spline through a spline function used in a motion or force.

Several interpolation methods are available (using the function type):
+ Cubic-fitting method (CUBSPL)
+ Akimadfitting method (AKISPL)

+ B-spline method (CURVE)

Nonlinear Spring
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AKISPL Function

Syntax for AKISPL function
AKISPL (X, z, spline, iord)
m X - Independent variable specifying the value along the x-axis.

m z - Optionally, a second independent variable specifying the value along the z-axis of
the surface being interpol ated.

= spline - Spline used to map the one-to-one correspondence of the dependent variables
(y) against independent variable values (x or z).

m iord - Aninteger variable that specifiesthe order of the interpolated point (usually 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 J

X
250 50 ll >
300 0 / 300 DM (,J)
350 50

400 200
450 100

Force

Note: You can create the CUBSPL and CURVE functions exactly as you create the AKISPL
function.
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Workshop 15—Nonlinear Spring

Problem statement

Investigate the differences between alinear spring and a nonlinear spring using a spline
function.

L

M: 187.224 Kg
K: 5.0 N/mm

K I::,C C: .05 N-sec/mm
L

Lo: 400mm
FoI 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_dir/mod_15_spring.

2 Fromthe directory exercise_dir/mod_14_spring_damper, import the model that you created
in the previous module.

If you need afresh 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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Workshop 15—Nonlinear Spring...

Replace the predefined spring damper

Now you will replace the spring damper, that is already in the model, with auser-defined linear
spring damper.

To replace the spring damper:

1

2

226

Delete the predefined spring damper.
Create a single-component, action-reaction force ( d)

® Run-time Direction: Two Bodies

m Characteristic: Kand C
m K 5.0
m C: 0.05

Right-click SFORCE_1, and then select Info. Note that the syntax of the function matches
that of a spring damper, introduced in Magnitude based on stiffness and damping
coefficients, on page 214.

Note: You could have entered the linear spring-damper function manually in the
Function Builder.

Right-click SFORCE_1 and select Measure.

Create a measure, named spring_force:
m Characteristic: Force

m  Component: mag

To see oscillations, run a 2-second, 50-step simulation.
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Workshop 15—Nonlinear Spring...

7  Plot spring_force versus Spring_Length.

Note that the slope at the beginning of thisplot is5 (K). The time-dependency of damping
(C=.05) resultsin adeviation from a slope of 5 (slope ~ stiffness +/- damping).

8000
Analysis: linear_force Length {mm}

4000.0

4000 6000 10000

12000
2001-12-0416:43.27

8  Savethe simulation results (‘) as linear_force.

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 Toimport the spring stiffness data, from the File menu, select Import.

2  Set thefollowing parameters, and then select OK.

File Type: Test Data

Create Splines

File to Read: exercise_dir/mod_15_spring/spring_data.txt

Independent Column Index: 1 (Because the first column is the independent column.)
Units: Force

Model Name: .spring_mass

3 Toopen SPLINE_1 in the Spline Editor, from the Build menu, point to Data Elements, point
to Spline, and then select Modify.

Nonlinear Spring
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Workshop 15—Nonlinear Spring...

4  View the plot to understand the relationship between the deformation (x-axis) and
gtiffness force (y-axis).

Tip: Inthe upper right corner, set View as to Plot.

5 Inthe model, right-click SFORCE_1, and then select Modify to replace the force function
describing the single-component force with an Akima spline function, as shown next.

2 Function Builder

Define a runtime function |f" Full names & Short names  ADAMS ids

_AKISPLIDMIMARKER_7, MARKER_8) 400, 0, SPLINE_1, 0)
\The | and J markers in the DM function
might be different in your model.
Displacement j Assisl...l LI

Distance along ¥

Distance along Y
Distance along Z

iDistance Magnitude
Angle about X
Angle sbout ¥
ingle abour Z
E32l Sequence: lst Rotation

B3Z1 Secuence: Znd Rotation

E321 Sequence: 3rd Rotation Getting Ohject Data

BE313 Sequence: lst Rotation

E212 Saqusnce: Znd Botation Markers jl

E2l% Sequence: 3rd Rotation :

Included Angle Insert Ohject Marme |
Contact Incident Marker -
Modal Displacement Verify |
Dh{ To_Marker , From_Marker ) 0K | Apply | Cancel |
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Workshop 15—Nonlinear Spring...

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:
m spring_force vs. Spring_Length for the linear_force simulation
m 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.

60000

50000

— 40000
c
S
z

@
30000 4

Force

20000

10000

oa T T T
4000 £00.0 8000 1000.0 12000

Length (mm)

Save your work
To save your work:

1 Saveonly the model.

If you want to further explore the model, as suggested in the next section, |eave the model
open. Otherwise, proceed with the next step.

2 ExitADAMSView.
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Workshop 15—Nonlinear Spring...

Optional tasks

1 Createasplinein the Spline Editor to represent a nonlinear damping force versus velocity:
From the Build menu, point to Data Elements, 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.

Tip:  Youwill need to change the Akima spline function so that the first independent
variable tracks velocity (VR function).

Module review

1 What are the four inputs for a spline function?

2 If you are not sure what inputs are required for an ADAMS/Solver function, where in the
online help would you look for assistance?
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C-Zl 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 from Traces, 300

m Curve Constraints, 301
m Automated Contact Forces, 302

m Flexible Parts—ADAMS/AutoFlex, 304

Workshop 21—Cam-Rocker-Valve, 305

¢ Module review, 317

299



Splines from Traces

Definition of spline from a trace

m A point trace tracks a location of a marker or circle over time with respect to another
part.

m ADAMS/View can create atwo- or three-dimensional spline from atrace.

m Creating aspline from atrace is 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.

m [f the pathis closed, you should simulate for one cycle only.
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Curve Constraints

Types of curve constraints in MSC.ADAMS

m Point-on-curve

m Curve-on-curve

Curve-on-curve constraints

m  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:
¢ Two parts
+ Two curvesthat will always remain in contact

m  Typical applications include general cam-to-cam systems.

\ /

Note: Curve-on-curve constraints do not allow lift off.

See also: DOF removed by curve constraints, on page 376
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Automated Contact Forces

Contact forces

m  Are special forces acting on parts that are activated when part geometries comein
contact with each other.

m Havevauesthat are determined by aset of contact parametersidentical to thosein
the IMPACT function.

= Multiple contact forces can be combined to create more complex contacts.

Contact pairs in MSC.ADAMS

solid-to-solid curve-to-curve

sphere-to-plane curve-to-plane

sphere-to-sphere point-to-curve

/"_\

point-to-plane %
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Automated Contact Forces...

Things to note while creating automated contact forces

The xy planes of the two reference

m Point-to-curve
markers must be parallel.

Curve-to-curve

m  Sphere-to-plane

C | The z-axis of the reference marker of the plane
" urve-to-plane (the plane’s normal vector) must point away
= Point-to-plane from the plane and at the circle or sphere.
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Flexible Parts—ADAMS/AutoFlex

Better loading predictions for durability analyses
m Theflexible component is the focus of your attention.

m Basicaly asking the question: "What is the system doing to my flexible component?'

Improved system performance

m  Themodel fidelity isthe focus of your attention. Component flexibility is just another
parameter of the system design.

m Basicaly asking the question: "What is the flexible component doing to my system?'

Allows you to create flexible bodies in the MSC.ADAMS
environment

Allows for easy substitutions of flexible bodies for rigid bodies
in your MSC.ADAMS models

Can perform quick modifications on the flexible bodies to
perform multiple iterations of the flexible body model

> To run through aworkshop, see the ADAMS/AutoFlex Training Guide. For more
information, see the ADAM S/AutoFlex online help.
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Workshop 21—Cam-Rocker-Valve

Problem statement

Design acam profile based on desired valve displacement, and ensure that there is no follower
liftoff when the cam is rotated at 3000 rpm.

Rocker

Sprin
Rod Pring

Guide (ground)

Cam Valve

Valve displacement
(mm)

Time (sec)

Model description
m  Themodel represents avalvetrain mechanism.
m Thecamisbeing rotated at a velocity of 1 rotation per second.
m  Therocker pivots about a pin attached to the engine block (ground).
m 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).

Note: At the location of the trandational joint, between the valve and ground, the
model includes a spherical dummy part. Y ou will use this dummy part when
you make the valve aflexible part. This dummy part will not affect therigid
body dynamics.
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Workshop 21—Cam-Rocker-Valve...

Start the workshop
To start the workshop:

1 Open ADAMS/View from the directory exercise_dir/mod_21_camrocker.

2 Fromthe directory exercise_dir/mod_21_camrocker, import the model command file
valve_train_start.cmd.

Thefile contains amodel named valve_train.
Apply motion
To apply motion:

1 Usethe Translational Joint Motion tool @ to add amotion to the joint, Valve_Ground_Jt, such
that its displacement appears as shown next:

Add two STEP functions.
13 T — — — —_ |
0
| |
|
|
| -+
| :
0 A3 -
04 06 06 08
13T — — — —
|
|
—_— |
|
O 1
04 06 08

Tip: Thefunctionsshouldlook asfollows. STEP(time, .4, 0,.6,13)+ STEP(time,.6,0,.8,-13).

2 Runal-second, 100-step simulation to verify that the valve displaces as a result of the
joint mation.

306 Cam-Rocker-Valve



Workshop 21—Cam-Rocker-Valve...

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 Select the circle on the rod (rod.CIRCLE_1) and then the part named cam.

3 Veify that you now have a spline representing the cam profile.

ji

ref_marker

cam profile
-

s v

s b

4  Runasimulation to verify that the Rod appears to move along the surface of the Cam.
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Workshop 21—Cam-Rocker-Valve...

Constrain the rod to the cam
To constrain the rod:

1 Delete the joint motion on the joint, Valve_Ground_Jt.

2 Usethe Curve-Curve Constraint tool A9 to create a curve-on-curve constraint between the
circle on the Rod and the cam profile on the Cam.

i

——

H

_—— GCURVE_176

3 Runasimulation to verify that the new constraint works.

308 Cam-Rocker-Valve



Workshop 21—Cam-Rocker-Valve...

Measure the force in the curve-on-curve constraint

To measure the force:

m Create aforce measure for the curve-on-curve constraint (right-click the constraint
and then select Measure). Measure the force along the z-axis of ref_marker, which

belongs to the rod:

+ Characteristic: Force

¢ Component: z

+ Represent coordinates in: ref_marker

The curve-on-curve constraint applies a negative force that keeps the rod follower on
the cam, avoiding any liftoff.

1.0
Time: 1.000 —Current: 1867e-00§
025 {\
0.o \/
-0
%.D 04 1.0

Make the cam-to-rod contact more realistic
Now you'll replace the curve-on-curve constraint with a curve-to-curve contact force.
To replace the curve-on-curve constraint:

1 Deactivate the curve-on-curve constraint you created in Step 2 on page 308.
2 Fromthe Main Toolbox, right-click the Create Forces tool stack, and then select the

Contact tool %
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Workshop 21—Cam-Rocker-Valve...

310

Use the following contact parameters:

Contact Name:

Contact Type:
| Curve:

J Curve:

rod_cam_contact

Curve to Curve
CIRCLE_1
GCURVE_176

Use the Change Direction tool ﬁ to make sure that the normal arrows point outward
from the curves, as shown next:

X

Normal Force:
Stiffness (K):

Force Exponent (e):
Damping (C):
Penetration Depth (d):

Friction Force:

Coulomb Friction:

Static Coefficient (lLg):

Impact

1e6 (N/mm)
15

10 (N-sec/mm)
le-3mm
Coulomb

On
0.08
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Workshop 21—Cam-Rocker-Valve...

= Dynamic Coefficient (L) 0.05
m Stiction Transition Vel. (Vg): 1 (mm/sec)
m  Friction Transition Vel. (v4): 2 (mm/sec)

m  Runasimulation to check if liftoff occurs.

Prevent liftoff using a spring damper
To prevent liftoff:

1 Addamarker onthe valve at the location, Valve_Point:
m Add to Part

m From the screen, select valve and the location Valve_Point.

Cam-Rocker-Valve 311



Workshop 21—Cam-Rocker-Valve...

2 Add aspring damper between the marker you just created and the point, Ground_Point

(whichisapoint on ground, at the top of the guide) using the following parameters:

m Stiffness (K): 20 (N/mm)
m Damping (C): 0.002 (N-sec/mm)
= Preload: 100 N

A ADAMS Yiew

B e = =12 x|
Eile Edit Yiew Bulld Simulate Review Seftings Tools Help
vae_train R

el
=[Py

z el
2 [

=
E

=, [

i = Time: 0.000 —Current: 0.000C
Incremer t [a00 .

0.5

¥
£

‘ | status Tootbar

3 Find the static equilibrium of the model (Ps1)).
Do not reset the model before going on to the next step.

#i/e|

Note: You perform the static equilibrium to eliminate the transient effect that results
from the time-dependent damping characteristic of the spring damper. In
addition, positioning the model in static equilibrium establishes initial contact
between the roller and the cam.

Run a dynamic simulation to view the effects of the spring starting from static
equilibrium.
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Workshop 21—Cam-Rocker-Valve...

5 Modify the rotational motion on the cam to a speed of 3000 rpm. Enter the function as
follows: -50*360d*time.

6 Toview only one rotation of the cam, run a static equilibrium followed by a dynamic
simulation for end=1/50 seconds, steps=100. An easy way to run this simulation sequence is
to create asimulation script.

7  Measure the contact force (Build > Measure > Function > New).
m Category: Force in Object

Note: Make sure the function looks as shown next:

Create or Modify a Function Measure |f" Full names & Short names € ADAMS ids

CONTACT (rod_cam contact, 0, 1, rod.ref marker)

Farce in OhjE!Ct j Assist | Measure Mame I.\ralve_train.FUNCTION_MEA_1 + >|

Joint Force

Motion Force General Attributes Axis Attributes Curve Attributes

Paint-tao-Curwe Forcoe Units Iforce j Lahel Calar I

Curwe—to-Curve Force Tk
Joint Primitive Force Legend | Type | default j ic nESS|

Single-component Force L awier I Line T)"FIE |defau|t j
Threes-comnponent Force

Three-component Torgque ¥ Create Strip Chart Upper I Symbal Idefault 'l

Six-component Force/Torgue

Maltipeint Forcs Getting Object Data
Eeam Force
Bushing Force harkers jl

Field Force Inzert Object Marme |
Spring-Damper Force 5
Friction Force Werify |

CONTACT( Contact_MName , On_Body , Component , Axes ) ke | Apply | Cancel |

8 Rerunthe simulation to populate the new measure stripchart.

9 Madify the spring-damper characteristics (stiffness, damping, and preload) to prevent
liftoff based on the new rotational speed of the cam.

Note: Experiment with different values until the no-lift criteriais met.
10 Savethe model.
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Workshop 21—Cam-Rocker-Valve...

Create and substitute the flexible part

Y ou will define the mesh properties and then use the Automatic Replace Part option to
substitute this flexible body automatically into your model. The Automatic Replace Part option
does the following:

m Finds attachments based on the location of joints and forces that are applied to the
rigid body

m Findsthe closest four slave nodes of the temporary mesh to each attachment point and
connects them through rigid bars

m Createsthe flexible body
m  Appliesthejoints and forces at the attachment points of the flexible body
m Deactivatestherigid body

To load the ADAMS/AutoFlex plugin:

1 From the Tools menu, point to Plugin Manager.

2 Totheright of autoflex, set Load to Yes.

3  Select OK. Name Load Load at Starup_|.
| ADAMS/AutoF lex » (F wes) I Yes

To create the mesh: ADAMSIContols [ Yes I ves |

1 From the Build menu, point to Flexible Bodies, and then select ADAMS/AutoFlex.

m FlexBody Type: Geometry
m Partto be meshed: valve

m FlexBody Name: flex_valve
m Element Type: Solid Tetra
m Element Specification: Size

m  Element Size: 10 mm

m  Number of Modes: 10

m  Element Order: Parabolic
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Workshop 21—Cam-Rocker-Valve...

m Leaveal other options at their default settings.
m  Select Mesh preview.

FlexBady [ 13 _valve Load AF| Fila |
FlexBady Type |("' Extrusion & Geometry © Import Mesh Part to be meshed |V3|VE|

& Mesh/Propetties ¢ Aftachments Mesh preview |

Element Type Element Size (10 mm) Element Crder I” Advanced Options

¢ Linear
& Parabolic

¢ Shell Tria Minimurn Size |(5 Ornimy)

@ Salid Tetra Minimurn Angle [Deg] |10

Span Angle [Deg] IZD I Stress Analysis
Element Specification Growth Rate |2.El ShelllStress LLayers

= Auto MNumber of Modes |1D & Top

 Size SholliThi e [0 £ Middle

 Scale ' Bottorn
Material I valve_train.stesl

@ ﬁ I Debug  Color|red v| I Replace Part |Nu export '| oK Apply Cancel

To substitute the flexible body into the model:

At the bottom of the ADAMS/AutoFlex dialog box, select Replace Part.
Select OK.

ADAM S/AutoFlex automatically substitutestheflexible part into your model to replacethe
rigid part. It also writesthe MNF and AFI filesto your current working directory. Thisstep

may take a couple of minutes to complete.

To verify that the rigid part is a free body:

1
2
3
4
5

Display the Database Navigator.

Set the pull-down menu at the top to Graphical Topology.
Double-click valve_train.

Select valve.

The valve should not be attached to any other part. If the valve is attached to any parts,
take corrective measures.
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Workshop 21—Cam-Rocker-Valve...

Run a simulation

To run a simulation:

1

To view only one rotation of the cam, run a static equilibrium followed by adynamic
simulation for end=1/50 seconds, steps=100.

Use ADAM S/PostProcessor to investigate how the flexible body affects the model.

Does liftoff occur in the model now?

Save your work

To save your work:

1

Save the model.

If you want to further explore the model, as suggested in the next section, |eave the model
open. Otherwise, proceed with the next step.

Exit ADAMS/View.

Optional tasks

Change the shape of the follower:

1
2

316

Delete the circle-to-curve contact force between the Rod circle and the Cam curve.
Add a splineto 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.

Recreate the contact force between the Rod and the Cam using the new spline as the
follower.

Use a curve-to-curve contact force.
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Workshop 21—Cam-Rocker-Valve...

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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T-22 TARGET PRACTICE

Complete the construction of a parametric gun and find the launch-spring
gtiffness that will allow the marblesto hit the target.

’
’

W

..

What's in this module:
= Multi-Component Forces, 320
m Design Studies, 322

m Workshop 22—Target Practice, 325

¢ Module review, 336

319



Multi-Component Forces

Types of multi-component forces
m Vector force (three trandational components)
= Vector torque (three rotational components)

m  General force vector (three trandational, three rotational components)

Characteristics of vector force

The characteristic: Defines:

Bodies Two

Points of application Two (action forceat | marker and reaction force at
floating J marker)

Vector components Three trangdlational

Orientations Based on reference marker (R marker)

Magnitudes (Fy, Fy, F User-defined
y

Notes:
m  Thefloating J marker always maintains the same location as the | marker.

m Thecharacteristics of other multi-component forces conceptually work the same way.
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Multi-Component Forces...

Example of a force vector

m A vector force representing a contact between aball and a cantilever:

; K._I marker I marker belongs to part A
A LJ " J marker belongs to part B but
marker floats its location with the |
; marker
B T I'\imarker

| X'V I R marker belongs to part B

AN

m Because the Jmarker belongs to part B, the force acts on part B when the bodies
collide.

m Because the Jmarker moves with the | marker, part B knows where to apply the
reaction force.

Note: Inthe 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 375
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Design Studies

Trial and error method (manual iterations)

Model
m Parts
m Joints

m Forces
A

—»‘ Simulate }—y‘ View results j

Loop is repeated
several times

Manually change
the variable

Design study method (automated iterations)

Design Variable Model _
V) = Parts —P—r
- m Joints
Objective (O) = Forces
A
Variable
Model gets changes No
updated | automatically

The loop goes through specified

number of iterations (i=1,n) Tabular

report

322

Is the
design
optimal?

Yes

Completed

Results
automatically
generated

Is this
the final
iteration?

(i=n)

Plot O versus V
(for each iteration)

Target Practice



Design Studies...

Definition of a design study
m 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:
m  Thebest value for V among the values simulated.

m  The approximate design sensitivity of V (rate of change of performance measure with
respect to V).
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Design Studies...

Sensitivity, S, at iteration, 7

S = l(oi+1—oi+0i—0i_1)
2\Vi1—V, V=V,

m Lookingat Trial 4 (i = 4):

s = ;((—0.62784)—0.017103 , (=0.017103) - 0.58166)
47 2 10.7 -10.6 10.6—-105

S, =-6.0475

m  S,istheapproximate slope at Tria 4 (tip_y_loc=10.6) in the plot.

Desi gn Study Summary stamp_height vz tip_ 7 _loc
15
Model Name : stamp —Current: 05275
Date Run : 15:48:55 23-Dec-98

Objectives oo KJ\

0O1) Minimum of stamp_height
Units sinch R
Maximum Value:  1.48945 (trial 1) fo3 10 07
Minimum Value: -0.627838 (tria 5)

Design Variables

V1) tip_Y_loc
Units inch

Trial stamp_height tip_Y_loc Sensitivity

1 1.4894 10.300 -3.6131
2 1.1281 10.400 -4.5389
3 0.58166 10.500 -5.7262
4 -0.017103  10.600 -6.0475
5 -0.62784 10.700 -6.1073
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Workshop 22—Target Practice

Problem statement

Compl ete the construction of a parametric gun and find the launch-spring stiffness that will
allow the marbles to hit the target.

’
’
’
'
’
’
'
'
'
'
'

¥

®
I
—z

m Currently, the mode has all the geometry, parts, and constraints it needs.

Model description

m  Thereisasingle-component force representing the spring force between the hammer
and the launch pad.

m Thesingle-component force is designed so that it changes characteristics depending
on the type of simulation being run (static versus dynamic):

+ If astatic simulation is run, the spring has a free length of 40 mm.
+ |f adynamic simulation is run, the spring has a free length of 100 mm.

m  Therefore, initialy run a static simulation, so the marble falls on the hammer and
compresses the spring alittle. Then when you run a dynamic simulation, the spring
thinksit is compressed agreat deal, and shoots the marble.

m  Themodd isaready parameterized with variables describing the elevation angle of
the launch pad and the stiffness and damping of the spring.

= You will only modify the stiffness of the spring.
m [nitialy, 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_dir/mod_22_target_practice.

2 Import the model command file target_practice_start.cmd.

Create a contact between the hammer and the marble

To create a contact:

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. Orient the z-axis of this marker so it points toward the center of
mass of the ball.

®m Add to Part: hammer
= Orientation: Z-Axis (orient the z-axis along the x-axis of the cm marker of the marble)

m Inyour model, right-click at the face of the hammer, and then select hammer.CYL10.E1
(center). Note that hammer.CYL10.E1 (center) is a place-holder that represents the
geometry, and is only accessible when prompted for a location.
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3 Orient the working grid along the XY -plane of the new marker, aligned with the face of
the hammer (Settings > Working Grid)

m Set Location: Pick (from your model, select the marker you just created, MARKER_46)

m  Set Orientation: X-Y-Axes (first select the x- and then the y-axis of MARKER_46, as

prompted in the Status bar)
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4 Adjust the view until the new working grid’' s xy-plane encompasses the window, as
shown next.

Tip: Set the model to a Right view, then rotate the model down, and turn shading on.

5 UsethePlane tool <> to create a plane to be used in the contact definition:
m Add to Part: hammer (right-click the sphere image and select hammer)

m Left-click on any grid point outside of the hammer face and drag across, covering the
hammer face.

6 Reset the working grid to the default position:
m Set Location:  Global Origin

m Set Orientation: Global XY

Verify ADAMS/Solver equilibrium settings

To verify the settings:

1 From the Settings menu, point to Solver, and then select Equilibrium.
2 Verify that Error is set to 1.0E-002.
3 Select Close.
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Create contact between marble and hammer

To create the contact:

m Create a sphere-to-plane contact force (%) that represents the contact between the

marble and the hammer:

L 4

L 4

L 4

Create contact between marble and launch pad

Contact type:
Sphere:

Plane:

Stiffness:

Force Exponent:
Damping:

Penetration Depth:

To create the contact:

m Create a solid-to-solid contact force (%) that represents the contact between the
marble and the launch pad:

L 4

L 4

L 4

L 4
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Contact type:

| Solid:

J Solid:

Stiffness:

Force Exponent:
Damping:
Penetration Depth:
Friction Force:
Static Coefficient:

Dynamic Coefficient:

Stiction Transition Vel.:

Friction Transition Vel.:

Sphere-to-Plane
ELL3

PLANE_36

100 (N/mm)

1.01

1.0 (N-sec/mm)

0.2 mm

Solid-to-Solid
ELL3
CSG_35

100 (N/mm)
1.01

1.0 (N-sec/mm)
0.2 mm
Coulomb

0.3

0.1

50

200
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Simulating the model

The marbleis not initially in contact with the hammer; therefore, you must precede each
dynamic simulation that you submit with a static equilibrium simulation.

Launch pad

To simulate the model:

1 Using ADAMS/Solver commands, create a script that performs a static equilibrium
simulation followed by a dynamic simulation:

SIMULATE/STATIC
SIMULATE/DYNAMIC, END=1.0, STEPS=100

The script will make running simulations easier and will be needed for the design study
later.

2  Create ameasure, named x_displacement, of the marble’s global x displacement (right-
click the marble and select Measure):

m Characteristic: CM position
m Component: X
= From/At: ground

3 Runthe scripted simulation you created in step 1.

4  Savethe simulation results (ﬂ) asno_aero.
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Include aerodynamic drag force
Use the following parameters to describe the global x and y components of the drag force:
m Fy=-U2*P*V, ¥V *Cq*A
m Fy=-U2*P*V ¥V *C4A
where:
+ P =13e9kg/mm3 = density of air
+ V, =globa x component of the marble’s velocity
+ Vy=globa y component of the marble’s velocity
+ V,, = magnitude of the marble's velocity
+ Cq4=0.45 =drag coefficient
+ A =T0r% = two-dimensional area of the marble face
To include aerodynamic force:
1 Create amulti-component force (ﬂ) at the marble center of mass, between the marble and

ground, whose directions are aligned with the global coordinate system (Hint: Set
Characteristic to Custom).

2 Select the Function Builder tool J to theright of X Force.
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3 Enter the aerodynamic function as shown next:

Define a runtime function |f" Full names & Short names ¢ ADAMS ids

—0.5*1.3e—9*VX(marble.ch*VH(marble.ch*U.45*(pi*100ﬂ

MWath Functions j Assist... | I >|

ARE

ACOE

AINT

ANINT

ASIN

ATAN

ATANZ

Chebyshev Polynomial
cos

CosH Getting Object Data
DIN
EXP IMarkers jl

Fourier Cosine Series 7

) ) ) Inzert Object Marme
Fourier Sine Series
Haversine Step

Inverse Power Spectral Density LI Plot | Plat Limits... | Werify |

oK | Apply | Cancel |

4 Select Verify, and then select OK.

5  Select the Function Builder tool J to theright of Y Force.

6 Enter the function similar to the one above, changing only VX to VY, and then verify the
function.

7 Runasimulation using the script you created in Step 1, on page 330.

8 Savethe simulation results (ﬂ) as with_aero.
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9 In ADAM S/PostProcessor, compare the x displacement of the marble for each set of
simulation results (with and without aerodynamic forces).

target_practice

no_aero : x_displacement

— —with_aero : x_displacement

T T T T T T T T T T T T T T T T T T T
0o 01 0z 0.3 04 0s 06 o7 08 08 10
Time [sec)

Track when the simulation is complete
To track:

1 Createameasure, namedy_displacement, that tracksthe global y displacement of the center
of the marble.

m Characteristic: CM position
= Component: Y

= From/At: ground
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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:

m  Generate an additional output step.

m  Terminate the current simulation step and stop the simulation script.

')-4 Create sensor ... E

Namel .target_practice. SENSOR_1

Event Definition: IRun—T\me Expression j
Expressinnl y_displacement J

Event Evaluation: INDI’]B j

&« MNon-Angular Values © Angular Values

less than or equal =

Valuel 0
Error TUIeranceI 1.0E03

Standard Actions:
¥ Generate additional Cutput Step at event
I Set Output Stepsize

¥ Terminate current simulation step and ... :

& Stop : E _
simulation script or ACF file
¢ Continue

Special Actions:

™ Set Integration Stepsize
™ Rastart Integrator
™ Refactorize Jacobian

™ Dump State Variable Yector

]

0K Apply Cancel

334 Target Practice



Workshop 22—Target Practice...

Set up a design study
To set up a design study:

1 Create a point-to-point measure of the global x distance from the target center
(.ground.target) to the marble center (.marble.cm) and name it target_error.

2 From the Settings menu, point to Solver, and then select Display.
3 Set Update Graphics to Never.

4  Runadesign study that givesthe last value of target_error over six default levels of the
existing design variable, launch_spr_stiffness.

m  From the Simulate menu, select Design Evaluation.

m Fill inthedialog box asfollows:

"7\ Design Evaluation Tools [ x|
Model: I.larget_prachce

Simulation Script: I.target_pract\ce.S\M_SCRIPTJ

Study a |5' Measure © Objective
I Last “alue of j I target_error

|5" Design Study ¢ Design of Experiments ¢ Optimization

Design Variable: IIaunch_spr_sliﬁ'ness
Default Levels: IE
Settings: Display... | Output... | Optimizer... |

PlEEE e
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5 Select Start.

7 target_error vs. launch_spr_stiffness

—Current: 1 ?Djﬁp’/

2000

an

-22a0

R Y 15.0 200

6 Notethe approximate value of stiffness at which the marble hits the target and use it to
answer Question 2 in Module review, on page 336.

Save your work
= Saveyour model and then exit ADAMS/View.

Optional tasks

1 Multiply the aerodynamic forces by STEP functionsto eliminate any aerodynamic effects
that might occur when the marble moves to the static position.

Tip: Theindependent variable of the STEP function will be DM(.marble.cm, .TIP).

2  Tighten the minimum and maximum values of the design variable of the launch-pad
stiffness and increase the number levelsto 10 to achieve a more precise solution.

3 Runadditional design studies for other design variables.

Module review

1 What definesthe force directions (Fy, Fy and F,) in aforce vector?

2 What isthe approximate value of stiffness at which the marble hits the target?

336 Target Practice



	Nonlinear Spring
	Single-Component Forces: Action-Reaction
	Spline Functions
	AKISPL Function
	Workshop 15—Nonlinear Spring

	Cam-Rocker-Valve
	Splines from Traces
	Curve Constraints
	Automated Contact Forces
	Flexible Parts—ADAMS/AutoFlex
	Workshop 21—Cam-Rocker-Valve

	Target Practice
	Multi-Component Forces
	Design Studies
	Workshop 22—Target Practice




