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MV-3022: Optimization of a 4-bar Model

In this tutorial you will learn how to setup an optimization problem using MotionView’s
Optimization Wizard for a 4-bar model. You will learn about:

e Defining point coordinates as design variables

e Defining a response type 'Root Mean Square Deviation' for matching curves
e Using the responses as objectives

e Running the optimization and post-processing the results

e [Optional] Infeasible Designs in MotionSolve optimization

Introduction

In this tutorial, the locations of the joints of a 4-bar mechanism are optimized to obtain
a desired motion of the coupler. MotionSolve's DSA (Design Sensitivity Analysis)
capability is used to calculate sensitivities.

4 bar model with joint types
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The entire model is parameterized in terms of these four design points: A, B, C and D.
Since the model operates in 2D space (X-Y plane), this leads to 8 Design Variables. The
initial design is listed as follows:

Point X

A -45 45
B 65 260
Cc 300 500
D 515 -85

Model Setup

Copy the file mv_3022 initial 4bar opt.mdl located in the
mbd modeling\motionsolve\optimization\MV-3022 into your <working directory>.

Step 1: Review the Model.

1.
2.

Open mv 3022 initial 4bar opt.mdl in MotionView.

The model has the following set up to measure the desired motion and the actual
motion of the coupler CM marker. Please review these entities in the model.

a. Curves Desired Coupler Path DX and Desired Coupler Path DY that defines
the desired motion in X and Y direction.

b. Output Desired Coupler Trajectory uses the above curves to measure the
desired motion.

c. Output Actual Coupler Trajectory measures the displacement of the coupler

body at CM.
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Step 2: Adding Design Variables.

1. Right-click on the Model system in the browser and launch the Optimization
Wizard.

2. In the Design Variables page, click on the Points tab.

All points are listed as shown below:

W Optimization Wizard »

Poimts(0} Badias () Springs(l) Bushing(l) | Forcesi®) Diatasats(l)

&

Optimization Study

4
1]

00000000

¥ Responsas

B Opsimizaton Setup
& Solsicn

& Roview Rasubs

conm> &

Optimization Wizard - Points Tab

3. Make the x and y coordinates of Points A, B, C and D as design variables. Click on
the Filter datamembers icon E above the model tree.

a. The Filter dialog is displayed.

b. Turn off the Z check box (as shown below).

@ Filter.. X

[ All
b =
b
£

c. Click OK.
d. Select Point A, Point B, Point C and Point D in the model tree and click Add.
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4.

Modify the upper and lower bounds of the design variables as listed in the table
below.

Point A(DV) - X -50 50
Point A(DV) - Y -50 50
Point B(DV) - X 20 80
Point B(DV) - Y 180 280
Point C(DV) - X 240 380
Point C(DV) - Y 400 620
Point D(DV) - X 180 520
Point D(DV) - Y -100 20

The setting of design variables is now complete.

Step 3: Adding Response Variables.

The objective of the optimization is to make the coupler move along a path. To achieve
this, two responses are created:

a) Trajectory of Coupler CM - DX
b) Trajectory of Coupler CM - DY

The above curves of the coupler motion must be matched with their respective target
curves using a response variable of type Root Mean Square Deviation (RMS2). The
details of this response can be obtained from the Multibody Optimization User’s Guide
and the MotionView User’s Guide.

1.

2
3
4.
5

Click on the Responses page.

Click on the = button.
Change the Label to 'rms2_dx’.
Click OK to create a response variable.

Once the response variable is created, under Response Type, choose Root Mean
Square Deviation.

This response needs two user inputs:
e Desired Curve - This is the target curve.

e Response Expression - This is the value we measure (Coupler cm motion).
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6. Double click on the Curve collector and choose Desired Coupler Path DX through
the model tree for Desired Curve. This is the target curve for Couple-DX.

Note The desired curve can be visualized by clicking the Show Desired Curve
button.

7. For Response Expression, type in the expression for DX of CM of couple body:
DX ({b_bc.cm.id}) ".

8. Following the same procedure, add one more Root Mean Square Deviation

response and fill in the details using the table below.

RV

rms2_dx

‘ Desired Curve

Desired Coupler Path DX

Response Expression

DX ({b_bc.cm.id})"

rms2_dy

Desired Coupler Path DY

‘DY ({b_bc.cm.id}) "

This completes the process of adding response variables; the completed Responses
page should appear as shown below.

W Optimization Wizard

Dptimization Study
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Completed Responses page
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Step 4: Adding Objectives and Constraints.

The problem has two objectives: the coupler DX and DY motions should match with
target curves at the end of optimization.

We can use the responses that were created in the previous section as objectives.

1. Go to the Goals page.

2. Click on the =& button under Objectives.
An objective is added with response rv_rms2_dx.

3. Choose Weight as 1.0 and retain the Type as min since we want to minimize this
response.

4. Repeat the step above to add another objective. Choose rv_rms2_dy for the
second objective.

The Weight would be 1.0 and the Type would be min.
There are no constraints in this problem.

The model setup is now complete and it is ready to solve.

W Optimization Wizard .

1.0| km -

Boon v ms? -
500N — g

Defining objectives
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Step 5: Running the Optimization.

1. Go to the Solution page.

2. Activate the Plot Optimization Summary check box.
3. Click on Save & Optimize to start the optimization.

Once the optimization process is complete, the text window displays the optimized
design variables values, final value of the responses and optimized cost function.

W Optimization Wizard *
Optimization Stugy T

o Do wgn Vanabies ﬂ_’lﬂ

#Raponies Outoret File: S0 AE gl 302 2hm_H02E_inivnl_dbae_opt gy

+#Goals

Simslntien ype: | Cuss-sisic |  Simuiston Setings | Optmizstion Safings |
Endiime 10000 (o Ok | # Ftot opamiasion sy

Frimimenvat || [TIE]

o Rl vrw Rusulty

SM&OmmNI A 'II

Inirial Cost = 10626.595
Final Cost 5
Cost reduction

Weight = 1.00 Final cost of objective MODEL rv 0 = 4.02]1%e-02
Weight = 1.00 Final cost of objective MODEL_rv_l = 1.2793e-02
Final Design Table

o Lower Bound Initial Value optimized Value
p a.x -5.0000&+01 -4.5000e+01 -6.6013e-02
P a.y =5.0000e+01 +4,5000e+01 =2.7%64e-01
p b.x +2.0000&+01 #6.5000&+01 +3.9073e401
b _b.y +1,8000e+02 +2.6000e+02 +1.8¥7T1e+02
p c.x 2. 4000e+02 #3.0000e+02 +3.600Tes02
P_G. Y +4. 0000e+02 . +5,0000e+02 +6.0026e+02
p d.x +1.8000e+02 +5.2000e+02 #5.1500e+02 4 004 de+02
p_d.y =1, 0000e+02 +2.0000e+01 -2.5000e+01 -4.0611e-01
Elapsed Time for job = 72.85 seconds

Time in Cost function = 12,37 seconds

¥ = 12.53 seconds
cptimization process completed.
motionsolwe:: Solver run finished after 78 seconds.

Optimization text window after the optimization is completed

The expected values of design variables are given below:

DV Expected From Optimizer

p_0.x 0 -0.0660

p_0.y 0 -0.2796

p_1.x 40 39.97

p_1l.y 200 199.71

p_2.X 360 360.07

p_2.y 600 600.26

p_3.x 400 400.44

p_3.y 0 -0.0406
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Step 6: Post-processing
1. Go to the Review Results page which is enabled once the solution is finished.

2. The Summary tab lists the history of design variables, responses and objective
functions in a tabular format. In this tutorial, the optimized design variables are
from iteration 27.

W Optimization Wizard 4
Optimization Stady | Summary | Fio Anisation
o Design Variables
o Responses Type|ALL b torahon pax | pay | pbx pby | pex pcy | pdx p_dy Chopeal Olbjecive Obi-1
:2:? :::J; i 58 | 519684 |2366164 | 1230816 |515.6133 [516 4488 | 751008 N
F 20 | 464234 [2
| 13En |2
] 166626 [ 451029 [2
5 448087 |2
3
]
10
"
12
| 13
— 14
1%
T 140200 | 43748
7 361 6527 17,5653 [4
18
18
927 [4 A | 16416
22 25 [59m030 3w amaz [ s | 02660
amen [-en [ aaares [1enmsa Jaeoes Jeonress oot [-uasa 08572
0588 | 01604 | 39960 [19men7s (3600573 (6001568 [4006307 | 063zt 054z
[“ooen [nzmse [ 39571 |18 moes [senoran [roozsse [400 4 | -naner | [0

Summary tab listing design variables, responses and cost function iteration-wise

3. The Plot tab helps to visualize variation of design variables, response variables and
cost function using graphs. You can choose to plot any number of variables along
the y-axis with respect to a variable along the x-axis. For this tutorial, choose
Overall Objective vs Iteration and you should get a plot as shown below:

W Optimization Wizard *
Optimization Study Summary | Plot Animanon
o DesignVariah e 5] P
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« Goaly — e trve.
o Soksion E- .
o Foarvierw Foersusls o b 100 |
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& o
% 000
5
4050 1
VAL hd
T
pay 00 4 -
p_bx
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p_cx
p_cy ® e
p_d x o4 L R e e S S S = T
b_dy
(Drvarall Obgechue o w E0 * =
Okr1 MODEL _pv_ Reratan
Oty-2 MOCEL_nr_1
Apply =

Plot of overall objective (log scale) vs. iteration number.
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You can also see how a particular design variable varied across an iteration. For
example, select p_b.x(Point B-X) in the Y list and click Apply.

Summary | Plot Arimation |

| AL vI [ Flat
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5. The Animation tab helps you to animate the configuration generated during any
iteration.

a. Choose the iteration number from the Iteration drop-down menu.

b. Click on Load Result to load the animation corresponding to that iteration.

c. Start, pause and stop animation buttons are provided at the bottom.

For this problem, load the animation file from the last iteration (iteration 27) and
animate the configuration.

. Optimization Wizard

Optimization Study

Summary | Fiot | Ansmotion
o Dewgn Vanabisy

+ Rasponses
o Gaaly
o Sehuion

1
Transient : Model Step :

olo|

Archiva Wodl locsson: @]

Animation tab in the Post Processing page
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6. The Export option is available in this tab for you to export an archive of the model
from any configuration.

For this tutorial, we would want to create an mdl model for the optimized
configuration.

a. Load results from iteration 27.
b. Choose a folder at Archive Model location.
c. Click on Export.

7. Finally, we will look at how the path of the coupler for the optimized result compare
with the desired target path.

a. Close the Optimization Wizard.

b. Add a page to the MotionView session and change the client of the newly added
page to HyperGraph.

c. Open the abf file in the last iteration folder of the optimization run.

Note The optimization run directory is automatically created during the solution
and follows the naming convention py name timestamp where py name is
the name of the python file given in the Solution page and timestamp is
the time when the solution was initiated.

: Py_name given in Solution page
Lookin: | | mv_3022_initial_dbar_opt_133030 = . ;
: appended with _timestamp
* Name Date modified Type 2
; iter-21 1172172018 1:31 PM  File folder
R e iter-22 11/21/2018 131 PM  File folder
al iter-23 11/21/2018 131 PM _ File folder
Desktop iter-24 11/21/2018 1:31 PM  File folder
iter-25 11/21/2018 1:31 PM  File folder
[Sctfferation folder has | iter-26 11/21/2018 1:31 PM  File folder
g j—e iter- 2 2
the optimized result | [ iter-27 11/21/2018 1:31 PM  File folder
! - - design.log 11/21/2018 1:31 PM  Text Docume
s ; o logfile.log 11/21/2018 1:31 PM  Text Docume
: mv_3022_initial_4bar_opt.json 11/21/2018 1:31 PM  JSON File
@ summary.log 11/21/2018 1:31 PM  Text Docume 5
Network <

File name I LJ Open

Files of type: lAIl Files (*.7) L] Cancel

Explore

it
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d. Select Type - Request - Component as follows:

Axis Type Request Component
X Expressions REQ/70000000 Desired |F2
Coupler Trajectory
Y Expressions REQ/70000000 Desired |F3
Coupler Trajectory
Chattas filer EEICNaels\p:tmowmems\?.UlB'LDSA._ODnM-zel-on\.CJ:nrv-:rnI»ur!_'h-mnuls\.sanmmw_ﬂﬂzz_i\-hul_4tun-'_ru:ﬂ_lﬂ??hﬂal-zhmw_auzz_-nnol_ﬂw_mlnm j Apphy I
subease  =§ <] wTpel el Fmes [ vRoquest [ | Fier [ vCompanentis | iz |Fker [ SHTE
X Type g'Expfasiims "I Body ) ] I -
HRoquest (= IREC0000000 Desires <] e At Optons |
xoompmen [z 2] [Syeem =
Layout [oee cursotsicn -] A | mene | Fp |-_|

Click Apply. This plots the desired profile of the trajectory for the coupler CM.
Next, plot the actual trajectory of the coupler CM by plotting the following:
Axis Type Request Component

X Marker Displacement |REQ/70000003 Actual X

Coupler Trajectory - (on
Coupler) (on 'Coupler")

Y Marker Displacement |REQ/70000003 Actual Y
Coupler Trajectory - (on
Coupler) (on 'Coupler')

The resulting plots would overlay over each other.

450

REQ/70000000 Desired Coupler Trajectory - F3
£ REQ/ 70000003 Actual Coupler Trajectory - (on Coupler) {on ‘Coupler’) - ¥

)| /

P Lo
w L=1
ER

Expressions
Ld
(=]
(=]

150

0
' 50 100 150 200 250 300
Marker Displacement
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Step 7: Identifying Infeasible Designs and Possible Recovery
(Optional)

In this section, we introduce a powerful feature in MotionSolve optimization that can help
to get the optimal design by recovering from a failed iteration.

It is not uncommon for a mechanical system to be limited by some sort of physical
constraints. In this four bar example, the Grashof constraints have to be satisfied in
order to make the input link a crank. When optimizer chooses a new design, those
constraints are likely to be violated regardless of whether they are added as optimization
constraints or not. The optimizer in MotionSolve has a recovery mode to help recover
from such infeasible design and let optimization proceed.

To demonstrate how the optimizer recovers in this tutorial, we will change the initial
design and see how it works.

1. Go back to the Design Variables page and change the nominal value, upper and
lower bound as follows:

il Selu:tl DY D | DY Name I DV Lahel | Lower Bound | Mominal | Upper Bound |Activc|
r~ | 10001 | dv | Poirt AIDV] - « | 500000 0.0000 | 50000 W
r [ 1000z | dvl | Pairt A[DV) -y | 500000 0.0000 | 500000
r [ 1000z | dv2 | Paint BIDV] - | -55.0000 [ -50.0000 | 000
r [ 10004 | 3 | PomtBOV)-y [  1800000[ 5000000 [ eo00000 &
r~ [ 10005 | dd | PontCOV)-x [ 2400000[ 2500000 [ 3800000 &
r [ 1000 | a5 | PomCOV)-y [ 4000000 [ 5000000 [ ez00000 &
r~ [ 10007 | v | PortD(DV]-x [ 1800000[ 2500000 [ 5200000 W
r~ [ 1oo0g | &7 | PairtDIOV]-¢ [ -100.0000[  0.0000 | 00000

Value of Design Variables

The four bar mechanism should look like below after the change:

Four bar mechanism after changing the value of Dvs

Retain the Responses, Objectives and Constraints as defined in Step 2 and 3 above.

7y Altair
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2. Run an optimization with a different Output file in the Solutions page as
4bar opt for recover.py. The number of iterations will change due to a different
initial design. Pay attention to the last column ‘Reduced Step’ in the solver output:

Max. # iterations: 75
Accuracy : 1.000e~-03
Num of Process s 4

Simulation Settings

Analysis : Call optimizer.simFunction
DSA : AUTO
Iteration ¥ Cost # Objective Mag (Slope) Reduced Step
Inicial Design 3 3.2172e+05 2.1557e+03
1 5 3.3875e+04 9.0137e+02
2 8 2.5658e+04 7.5942e+02 Y
3 11 1.8214e+04 6.2747e+02 Y
4 14 1.1837e+04 4.8937e+02 Y
S 17 8.0302e+03 3.5007e+02 > 4
6 20 6.2746e+03 2.4557e+02 Y
7 23 5.3829%9e+03 2.0868e+02 4
8 25 8.7598e+02 6.9020e+01
9 27 6.6003e+02 1.5752e+02
10 29 2.5345e+02 7.410%9e+01
11 31 1.7119e+02 2.3207e+01
12 33 1.3232e+02 1.6234e+01

Solver output when recovery mode is invoked

In this example, the optimizer has found infeasible design in iteration 2-7; it is then
told to reduce the step size until a feasible design is found.

3. Check the output files. In most cases, the output files could tell you why solver fails
at a specific point and how you can avoid it if possible.

Infeasible Point 1 -- iter-2 11/8/2018 1:44 PM File folder
Infeasible Point 2 -- iter-3 11/8/2018 1:44 PM File folder
Infeasible Point 3 -- iter-4 11/8/2018 1:44 PM File folder
Infeasible Point 4 -- iter-5 11/8/2018 1:44 PM File folder
Infeasible Point 5 -- iter-6 11/8/2018 1:44 PM File folder
Infeasible Point 6 -- iter-7 11/8/2018 1:44 PM File folder

Subfolders that contain the infeasible designs

When the optimizer recovers from an infeasible design, an additional folder
‘Infeasible Points’ is created; each subfolder contains the following information:

e dvValues.txt: Value of design variables
e 4bar_opt_for_recover.abf: MotionSolve output file
e 4bar_opt_for_recover.h3d: Animation file (provided only when available)

7y Altair
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e 4bar_opt_for_recover.mrf: MotionSolve output file

e 4bar_opt_for_recover.xml: MotionSolve xml input file

=] dwValues.txt 11/8/2018 1:44PM  Text Document 1KB
| | mv_3022_completed.abf 11/8/2018 1:44PM  ABF File 24 KB
D mv_3022_completed.h3d 11/8/2018 1:44 PM H3D File 22 KB
E] mv_3022_completed.log 11/8/2018 1:44 PM Text Document 8KB
| | mv_3022_completed.mrf 11/8/2018 1:44PM  MRF File 23 KB
E] mv_3022_completed.xml 11/8/2018 1:44 PM XML Document 21 KB

Output for each infeasible design

We have found that the h3d file and log file are useful in most cases. We will load the
h3d file in this example in HyperView and see what is going wrong.

4, Load 4bar opt for recover.h3d in folder Infeasible Point 1 -- iter-2. You can
see that the system enters a lock-up position before the solver crashes:

Last frame before solver crashes

5. Check the result. The result we get here is very close to what we get in STEP 5 and
the cost function is reduced significantly. This shows that we are able to get the
optimal design even with infeasible design encountered in the intermediate step.
However, the optimality is not guaranteed in some cases. When that happens, you
can improve the result by adding proper constraints based on your investigation in
previous steps. For four bar mechanism, Grashof constraints can be added and we
provide an example that shows you how to do it in MotionView.
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