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CONNECTING ROD SHAPE OPTIMIZATION TUTORIAL (AUTODESIGN)

Sample

Connecting Rod Shape
Optimization

This tutorial deals with the shape optimization design problem. Design target is a connecting
rod in engine. Connecting rod function is a transferred reciprocating movement of the piston
to crankshaft rotational movement. Therefore, design goal is a minimize mass for energy
efficiency and reduce inertial force. Also, a design constraint is strength to withstand
compressive forces of piston. Design variable select the shape on connecting rod.

Open files related in Sample-G

<Install Dir>

Sample
P \Help\Tutorial\AutoDesign\ConnectingRodShape\Examples\Sample_G.rdyn

<Install Dir>

Solution
\Help\Tutorial\AutoDesign\ConnectingRodShape\Solutions\Sample_G.rdyn

Note: If you change the file path at discretion, it can be located in any folder that you specify.




CONNECTING ROD SHAPE OPTIMIZATION TUTORIAL (AUTODESIGN)

Chapter

Loading and simulation the
model

é 1. On your Desktop, double-click the RecurDyn icon.
o RecurDyn starts and the Start RecurDyn dialog box appears.

i i Start RecurDyn (S|
2. Close Start RecurDyn dialog box. You will New Model
use an existing model. e ([ |
3. In the QU|C|( ACCGSS tOOIbar, CIICI( the open Unit |MMKS[MlII\meteu‘KHugram,‘Newtuﬂ,’Se(und] "l [ Setting ]
tool and select ‘Sample_G.rdyn’ from the sty [ [ [Eosenng ]
same directory where this tutorial is located.
The system appears on the screen. T
Recent Models leons [~
V —
RecurDyn.rdyn
= | .
-($\. W Show 'Start RecurDyn’ Dialog when starting
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CONNECTING ROD SHAPE OPTIMIZATION TUTORIAL (AUTODESIGN)

.t. 4. Click the Dynamic/Kinematic button.

Dyn/Kin

-

5. Click the Simulate button.

Dynamic/Kinematic Analysis x

General | Parameter | Initial Condition |

End Time [Pv]
Step [ 200. [Cev]

Plot Multiplier Step Factor [1. [[pv]
[#] Output File Hame [sample_G_DO |
rInclude

Dstatic Analysis
|:| Eigenvalue Analysis
[ state Matrix

|:| Frequency Response Analysis

Hide RecurDyn during Simulation

Display Animation

Gravity
’V x [00 | ¥ [00 | z [o0 | [Gravity]
uUnit | Mewtaon - Kilogram - Millimeter - Second |
| Simulate | | QK | | Cancel |

p- 6. Inorder to view result, click the play button




CONNECTING ROD SHAPE OPTIMIZATION TUTORIAL (AUTODESIGN)

Chapter

Defining the design variables
and setting

In the figure, design variable selects connecting road shape. Design variables divide into 4
design variable zones. And, DV1 is a radius in zone C and DV2 is radius in zone A. DV3 and 4

is a width in zone B. DV 5 and 6 is a height in zone D.

Zone A Zone B Zone C
lea
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CONNECTING ROD SHAPE OPTIMIZATION TUTORIAL (AUTODESIGN)

1. From the Auto Design menu, click Design Parameter. This will bring up the design
0;6' parameter list dialog as shown below.

Parameter
Design Parameter List
Design Parameter
d.. | Name | Type | Prop. | Descripti... | Curr... | LB | UB | Design Cost.. | DP Form | DV :
A
v
v
—_—
Create | | Insert | |DirectReIation |v| Delete
| ok || cancel || Apply

2. To set design variable 1

a. Select design parameter type as FEShape2 : Cylindrical distance. And, click
Create button to add design parameter. This will bring up the FEShape 2:
Cylindrical distance window shown below.

Design Parameter List
Design Parameter
Yoo | Mame | Type | Prop. | Descripti., | Curr.. | LB | UE | Design Cost.. | DP Form | DV :
y
Create | | Insert FEShape? : Cylinderical Distance | hd Delete
Direct Relation
FEShapel : Translational Relation
| Cancel | | Apply
FFShane3 @ Snheriral Nistanre




CONNECTING ROD SHAPE OPTIMIZATION TUTORIAL (AUTODESIGN)

FEShape2 : Cylindrical Distance

e = |
Node Set | FFlexBody1.UR [n]
Canfiguration Design | OFF [~]
Center Ref. Marker | ImportBody37.MarkerZ| M |
Center Axis [0,0,1. [o]
Current Value [1. |
Lower Bound [o7 |
Upper Bound [13 |
Description | |
DP Form [ scale [-]

[ ok | | canca |

b. Node set: UR in zone C

Node set : UR

ImportBody37. Marker2

c. Configuration design: off

d. Center Reference marker: importbody37.Marker2
e. Center Axis: 0,0,1

f. Lower & upper bound: 0.7,1.3

g OK




CONNECTING ROD SHAPE OPTIMIZATION TUTORIAL (AUTODESIGN)

3. To set design variable 2

a. Select design parameter type as FEShape 2: Cylindrical distance. And, click
Create button to add design parameter.

b. Node set: BR in zone A

c. Configuration design: off

d. Center Reference marker: importbody3.Marker2

e. Center Axis: 0,0,1

f. Lower & upper bound: 0.8,1.2

g OK
FEShapez : Cylindrical Distance
Name [oF2 |
Node Set | FFlexBody1.BR [n]
Configuration Design |DFF |v|
Center Ref. Marker |ImportBody3.Marlcer2 "El
Center Axis 10,0,1. [o]
Current Value |1. |
Lower Bound |1}.E |
Upper Bound |1.2 |
Description | |
DP Form |Sca|e |v|

OK | | Cancel |

10



CONNECTING ROD SHAPE OPTIMIZATION TUTORIAL (AUTODESIGN)

4. To set Design variable 3, 4

a.

o o

oo oo

Select design parameter type as FEShape 1: Translational relation. And, click
Create button to add design parameter. This will bring up the FEShape 1:
Translational relation window shown below.

Node set: PY in Zone B

b=

4
' ~1

CenterMarker

AEEDanmEy.a
e AR EEE

Configuration design: off
Reference marker: Flexbody1.CM
Directional unit vector: 0,1,0
Lower & upper bound: 0.7,1.3
OK

In like manner, To generate DV4 about node set:NY

11



CONNECTING ROD SHAPE OPTIMIZATION TUTORIAL (AUTODESIGN)

FEShapel : Translational Relation FEShapel : Translational Relation

= | = |
Node Set | FFlexBody1,PY [n] Node Set | FFlexBody1.NY [n]
Configuration Design | OFF |~ Configuration Design | OFF I~
Reference Marker | FFlexBody1.CM [ ] Reference Marker | FFlexBody1.CM [m]
Directional Unit Vectar |0, 1., 0 [o] Directional Unit Vector |0, 1., 0 [o]
Current Value [1. | Current Value . |
Lower Bound [o7 | Lower Bound l07 |
Upper Bound [13 | Upper Bound 113 |
Description | | Description | |
DF Form Scale DF Form Scale

| ok | | cancer | ok | | cance |

5. To set Design variable 5, 6

a. Select design parameter type as FEShape 1: Translational relation. And, click
Create button to add design parameter.

b. Node set: NZ in zone D

12



CONNECTING ROD SHAPE OPTIMIZATION TUTORIAL (AUTODESIGN)

Configuration design: off

o o

Reference marker: Flexbody.CM
Directional unit vector: 0,0,1
Lower & upper bound: 0.6,1.4
OK

In like manner, To generate DV6 about node set: PZ

5w o

13



CONNECTING ROD SHAPE OPTIMIZATION TUTORIAL (AUTODESIGN)

FEShape1 : Translational Relation

Name |EE

Node Set | FFlexBady1.NZ

Configuration Design | OFF

Reference Marker |FFIexBody1.CM

Directional Unit Vectar |I}, o1,

Current Value 1. |
Lower Bound [0.6 |
Upper Bound [14 |
Description | |
DP Farm Scale

ok | | cancer |

FEShapel : Translational Relation

Mame |EE§

MNode Set | FFIexBody1.pZ

Configuration Design |DFF

Reference Marker |FFIexBody1.CM

Directional Unit Vector |1.‘.lr o 1.

Current Value 1. |
Lower Bound [0.6 |
Upper Bound [1.4 |
Description | |
DP Form Scale

ok | | Ccance

14




Response

CONNECTING ROD SHAPE OPTIMIZATION TUTORIAL (AUTODESIGN)

Chapter

Defining the analysis responses

In order to design connecting rod, analysis response is a mass and stress

Click the Analysis Responses menu. Then, you can change the response type (FE-
Result) as follow figure:

| Create || Insert | FE Result - Delete

Basic
Scope |
Proresshet

OK | | Cancel

Click the Create button. Then you can see the analysis responses-FE result window as
following figure.

To set the analysis response of stress is Analysis Response - FE Result
defined as
Mame |m |
a. Name: AR1
Stress (NodeSet) | v | |FFlexBodyt.stress [[EL |
b. Result type: Stress(NodeSet)
Treatment |Max‘u‘alue |v|
c. Select Node Set: FFlexBody1l.Stress
d. Response treatment: Max value pescription [Vonises stress |
e. Description: VonMises Stress
| oK | | Cancel |

f. OK.

Click the Create button. Then you can see the analysis responses-FE Result window as
following figure.

To set the analysis response of mass is Analysis Response - FE Result
defined as
MName |ﬂE |
a. Name: AR2
Mass [ElementSet) |v| |FFIexBody1.Mass |
b. Result type: Mass(ElementSet)
Initial Value
c. Select Element Set: FFlexBody1l.Mass
L. Description |Mass |
d. Description: Mass
e. OK. oK | | Cancel |

15



CONNECTING ROD SHAPE OPTIMIZATION TUTORIAL (AUTODESIGN)

Chapter

Running a design optimization

The optimization problem is defined as:
Minimize the mass of the connecting rod
Subject to

» The stress =< Limit value

1. Click the Design Optimization menu. Then, you can see the design variable list as
LV/ following figure:

Opt

Design Optimization

Design Variable | Performance Index | Optimization Control | Result Sheet | Summary Sheet |
oW DP | Description | Current | LB | UE | Type | Value
1 DP1 1. 07 1.3 Variable j 0.
2 ] 2ed 1. 0.8 1.2 Variable j 0
3 DP3 1. 07 1.3 Wariable j 0.
4 DP4 1. 07 1.3 Variable j 0
5 DPs 1. 0.6 14 Wariable j 0.
& DPe& 1. 0.6 1.4 Variable j 0.

=

2. Click the Performance Index tab. Then, you can see the following list. If this window is
empty, then you create the following Pls.

Design Optimization

Design Variable | Performance Index | Optimization Control | Result Sheet | Summary Sheet |

Pl Use | AR | Description | Definition | Goal | Weight/Limit Value
1 |7 AR j VonMises Stress Constraint j LE j 114,
2 2 ARZ - Mass Objective - MN - 1

16



CONNECTING ROD SHAPE OPTIMIZATION TUTORIAL (AUTODESIGN)

3. Click the Optimization Control tab. The default values are directly used. Then, click
the Execution button. Then, you can see the summary of design formulation. Check
design variables, performance index and Meta-Model information. If all information is
correct, then click the OK button. Then, optimization process is progressed.

Design Optimization

Design Variable I Perfarmance Index | Optimization Control | Result Sheet | Summary Sheet ‘

DOE Meta Modeling Methods [ Methods |
 Convergence Tolerance
Objective Change Rate in Consecutive Iterations |
Equality Constraints |1.e403 |
Inequality Constraints |1.e-03 |
Maximum Iteration of A0 | 50. |
Convergence Relaxation Control [oFF [~]
Simulation Type |Dynamidl(inematic |'|
|:| Save Results | Mumber of Trials I:l

Meta - Model

Analysis Setting | | Execution
oK | | Cancel | | Apply
Execution
— Summary for Execution
Design Variables
Mo DV Description Current LB UB Type Value
1 DP1 UR 1. 0.7 1.3 Variable 0.
2 Dp2 ER 1 0.8 1.2 Variable 0.
3 DP3 PY 1. 07 1.3 Variable 0.
4 DP4 MY 1 0.7 1.3 Variable 0.
5 DP5 NZ 1 0.6 1.4 Variable 0 |Z|
Performance Indexes
Mo AR Description Definition Goal Weight/Limit Value
1 AR1 VonMises Stress Constraint LE 114,
2 ARZ Mass Objective MIN 1

Initial DOE Method
Meta-Model Method
Polynominal Type

Trial No

Incomplete Small Compaosite Design -2
Radial Basis Functions Model(Multi-Quadratic)
Auto

OK

Cancel |

4. When the optimization process is completed, the result sheet tab is automatically shown.
The optimization process is converged only in 5 iterations. Thus, AutoDesign solves
the connecting-rod system design having 6 design variables for 14 analyses that

17



CONNECTING ROD SHAPE OPTIMIZATION TUTORIAL (AUTODESIGN)

includes 9 analyses for the initial sampling points. The final design gives that
AR1=113.96 Mpa and AR2=1.458 kg which can minimize the Mass by 58 % and the
Stress is satisfied with design constraint (less than 114 Mpa).

Design Optimization

Design Variable | F ¢ Index | O Control | Result Sheet | summary Sheet |

Optimization History of AR Values

Mo AR1 | ARZ | Violation

1.43654110

1.43844711724453

1.458005277

50647 0.

EhikEEQEPSDT ¥ GE] x| M@

2.50 L\
2.00 \
1.50
\ & Normalized Object

.

1.00 \ @ Maxi Violation
0.50 \
0.00

-0.50

V.

4 5

3
SAQ Tteration

[ ok |[ canca || appy |

5. The optimization results are summarized in the design variables and analysis responses
lists. Also, the SAO information is summarized, which shows that SAO 5 requires. The
analysis result of optimal design is ‘DO_005".

Design Optimization

| Design variable | e Index | © Control | Result Sheet | Summary Sheet \

Design Variables

No Hame ‘ Description | Optimum | Current | LB uB
1 DP1 UR 0.83881831453... 1. 0.7 13 =
2 DP2 BR 08 1. 0.8 1.2
3 DP3 PY 07 1. 07 13
-
Analysis Responses
No Name Description Optimum
1 AR1 VonMises Stress 113/962266966237
2 ARZ Mass 1.45800523533158

Mo AR Description Definition Goal Weight/Limit Value
1 AR1 VonMises Stress Constraint LE 114,
2 ARZ Mass Objective MIN 1.

Initial DOE Method | Incomplete Small Composite Design -2

Meta - Model [Radial Basis Functions Model(Multi-Quadratid | Palynominal Type
inital Sample Runs [ g | sAD S50 Total Evaluations

Optimal Design |E:\SVN\GnTrunmddFile\Tutoria\\10.AutoDesign\07.:onnectmgRodsnape\Connectngodsnape_cm_w-\
Create Mew Optimum Model | ‘ Apply to Current Model | Open Summary file
oc | [ coneet ][ ooy |




CONNECTING ROD SHAPE OPTIMIZATION TUTORIAL (AUTODESIGN)

Chapter

Comparison of analysis results

Finally, let's compare the mass and stress level for the initial design and the optimal design.
SAOS is the optimal design. Also, DOEOQOS is the initial design. The following figures show
those comparisons.

The initial design The optimal design

Wadell Wadell
Time = 1,00000000 Second Time = 1,00000000 Second

F13e+01 1.14e+02

6die+01 1.08e+02

5.71e+01 Q12e+01

4.9% +01 .08+ (1

4,28e+01 6,584 +01

3.57e+01 5.7 0e+01

2.85e+01 4.56e+01

214e+01 342e+01

143e+01 2.28e+01

T13e+00 1.14e+01

0.00e +00 0.00e +00

Yon Mises stress
Max at Node 198 tirne:0,240000

Min at Mode 129 time: 0000000

Yon Mises stress
Mlax at Node 1239 tirme:0,240000

Min at Mode 1325 time:0.000000

The initial design The optimal design
Mass (Kg) 3.478 1.458
Stress (Mpa) 71.3 113.96

Thanks for participating in this tutorial!
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