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 There are several commercially available optimization 
software packages on the market. BD has successfully 
used HEEDS MDO (a multidisciplinary design 
optimization software package) with Abaqus FEA to 
drive part design. Now we take the next step: 
connecting HEEDS MDO with Simulation Moldflow 
Insight 2015 software to explore process space for 
optimization and part quality.

Class summary



At the end of this class, you will be familiar with:
 Automation using Simulation Moldflow software’s third-party 

optimization software toolkit
 The differences between optimization and Process Design of 

Experiments (DOE)
 Enabling efficiency when optimizing part quality and process 

robustness

Key learning objectives
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BD Overview
• BD is a leading global medical technology company that partners with

customers and stakeholders to address many of the world’s most
pressing and evolving health needs.

• We are focused on improving drug delivery, enhancing the diagnosis
of infectious diseases and cancers, supporting management of
diabetes and advancing cellular research.

BD Medical BD Diagnostics BD Biosciences
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Simulation Based Optimization Overview

Optimization

Virtual DOE

Discrete Simulations
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Discrete Process 

Initial 
Process 
Concept

Perform 
Analysis

Design Criteria Met?

Modified Inputs 

Proposed Process 
Feasible Solution 

Space



Normal approach would 
include 3-5 simulations



7

December 2, 2014

Virtual Design of Experiments (DOE)

Initial 
Process 
Concept

Perform 
Analysis

Design Criteria Met?

Modified Inputs 

Proposed Process
Feasible Solution 

Space



Process Automation

Process  
Automation using 

Moldflow DOE Process DOE included 9 
simulations in a limited 

process window



8

December 2, 2014

Simulation Based Process Optimization

Initial 
Process 
Concept

Perform 
Analysis

Design Criteria Met?

Modified Inputs 

Prototype Design
Feasible Solution

Optimization  
Code

Process Definition
Optimal Solution

Simulation Based Optimization

Hundreds of intelligent 
process iterations through an 

automated process

Process  
Automation
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Optimization of Part Design by BD 
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Peak engagement force

• Conflicting criteria: engagement force during assembly 
and disengagement force to prevent re-use

• A component design that offered very robust 
engagement behavior was developed using HEEDS

• BD products housing this mechanism have been 
successfully launched worldwide with significant user 
acceptance
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Why has BD chosen HEEDS?

• Simultaneous Hybrid Exploration that is Robust 
Progressive and Adaptive (SHERPA) was used as the 
optimization algorithm

• SHERPA uses multiple optimization algorithms at the 
same time, leveraging the best aspects of each

• You don’t have to know which algorithm will work best, 
because SHERPA will decide

• For BD product development, it has been shown to be 
effective and efficient
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Case Study – Plunger Rod

• An experimental plunger 
rod mold was utilized to 
explore the effect of 
process on dimensional 
parameters

• Process development 
using the Moldflow 
Process DOE and a 
HEEDS optimization are 
compared

Moldflow model
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Experimental and Moldflow Process DOE
• Variables

– Injection rate (injection time)
– Cooling temperature
– Pack time
– Pack pressure
– Cooling time
– Melt temperature

• Responses
– CTQ – tip OD 
– Cycle time
– Total mass

Length

CTQ
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Moldflow DOE Main Effects
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Experimental DOE Moldflow Process DOE

• The Experimental DOE included high, low and center points
– The center point was repeated twice for a total of 11 runs

• The Virtual DOE included 51 runs
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Optimization Study Highlights

DOE Center Point

Optimized Process
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Using Moldflow’s Command Line Utilities
• There are three Command Line Utilities needed to drive 

Moldflow:  ‘studymod’, ‘studyrun’, and ‘studyrlt’
• Implementation of the commands requires some programing 

skills
• For use with HEEDS, scripts and batch files needed to be 

developed
– To get us started, we called in the professionals

• Once the extraction batch file was developed, we were able 
to add the necessary codes/IDs to expand our input and 
output lists

• Although functionality of the utilities is well documented in 
the On-line Help, implementation is not easy
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Where to Find Help?
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INPUT: Using ‘studymod’ with HEEDS tagging 

HEEDS edits the inputs to 
study files via a predefined 

modification file
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OUTPUT: Using ‘studyrlt’ to extract data
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Process Optimization HEEDS GUI
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Parameter Ranges – DOE versus Optimization
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Optimization Study 1 Details
Variables

• Injection rate (injection time)
• Cooling temperature
• Melt temperature
• Pack time
• Pack pressure (staged cycle)
• Cooling time
• Transfer volume

Responses
• Critical dimension
• Cycle time
• Total mass
• Fill volume
• Frozen volume

Objectives
1. Minimize Cycle Time
2. Minimize Part Weight

Constraints
• Tip OD – half of the tolerance range
• 99% frozen volume
• 100% fill volume (no short shot)
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Study 1 Highlights
Run 148 Run 148A Run 73

Rank 1
Process Time 14 s
OD 22.47 mm
Weight 10.92 g
Frz Volume 99.0%     Injection time 0.547s

Modified Run 148
Process Time 14 s
OD 22.42 mm
Weight 11.01 g
Frz Volume 99.0%     Injection time 0.547 s

Rank 21
Process Time 16.5 s
OD 22.5 mm
Weight 11.00 g
Frz Volume 100%     Injection time 0.363s

A non-traditional 
pack sequence 
was identified
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Optimization Study 2 Details
Variables

• Injection rate (injection time)
• Cooling temperature
• Melt temperature
• Pack time
• Pack pressure (controlled staged cycle)
• Cooling time
• Transfer volume

Responses
• Critical dimension
• Cycle time
• Total mass
• Fill volume
• Frozen volume

Objectives
1. Minimize Cycle Time
2. Minimize Part Weight

Constraints
• Tip OD – half of the tolerance range
• 95% frozen volume
• 100% fill volume (no short shot)
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Optimization Conclusion

Improved process time over the DOE Center Point
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Top Feasible Cases from Study 2

A Process Time
B Part Mass
C Critical Dimension 1
D Critical Dimension 2
E Fill Time
F Frozen Volume
G Transfer Volume
H Pack Pressure 1
I Pack Pressure 2
J Pack Pressure 3
K Pack Pressure 4
L Cooling Temperature
M Melt Temperature
N Cooling Time
P First Stage Time

A B C D E F G H I J K L M N P
Top Designs Feasible Designs Infeasible Designs
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Top Feasible Cases – Evaluating Quality

Run 140

• Minimize
VolShrinkageMax –
better part quality 

• Maximize
VolShrinkageMin –
better ejection

• Comparing maximum to 
minimu values helps 
identify best solutions

Run 125



31

December 2, 2014

Two Cases from Study 2

Design 125

Design 140

A B C D E F G H I J K L M N P

A Process Time
B Part Mass
C Critical Dimension 1
D Critical Dimension 2
E Fill Time
F Frozen Volume
G Transfer Volume
H Pack Pressure 1
I Pack Pressure 2
J Pack Pressure 3
K Pack Pressure 4
L Cooling Temperature
M Melt Temperature
N Cooling Time
P First Stage Time
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Study 2 Highlights and Improvements
DOE Center Point Run 140 Run 125

Rank 6
Process Time 8.75 s
OD 22.52 mm
Weight 11.10 g
Frz Volume 95.0 %     Injection time 0.806s

Center Point
Process Time 8.84 s
OD 22.33 mm
Weight 10.69 g
Frz Volume 88.9%     Injection time 0.34s

Rank 28
Process Time 9.5 s
OD 22.50 mm
Weight 11.00 g
Frz Volume 95.9 %     Injection time 0.819s
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Conclusions
• Optimization with a third party software package is made possible via the 

Moldflow Command Line Utilities
– User needs some level of programing or scripting capability for success

• Optimization using HEEDS allows the full exploration of a process space to 
maximize the objectives
– SHERPA makes decisions for optimization algorithm for efficiency
– Responses and the interactions are fully explored
– More input and output options are available
– Enables decisions with a wide range of feasible solutions

• Optimization resulted in a better process
– Shorter overall cycle time
– Increased potential to achieve critical dimension range
– Better part quality

• We plan to leverage this new optimization method on actual BD processes
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Questions?

Thank you for your time.
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'@  Myscript 

'@ 

Option Explicit 

SetLocale("en-us") 

Dim Synergy 

Set Synergy = CreateObject("synergy.Synergy") 

'  Add my content here 





'%RunPerInstance 

'@  Myscript 

'@ 

Option Explicit 

SetLocale("en-us") 

Dim SynergyGetter, Synergy 

On Error Resume Next 

Set SynergyGetter = GetObject(CreateObject("WScript.Shell").ExpandEnvironmentStrings("%SAInstance%")) 

On Error GoTo 0 

If (Not IsEmpty(SynergyGetter)) Then 

  Set Synergy = SynergyGetter.GetSASynergy 

Else 

  Set Synergy = CreateObject("synergy.Synergy") 

End If 

'  Add my content here 
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Session Feedback 

 Via the Survey Stations, email or mobile device 

 AU 2015 passes given out each day! 

 Best to do it right after the session 

 Instructors see results in real-time 
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