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 Introduction: Who are we ? 

 Virtual Optimization Goals

 EBM Process Optimization Die Technology Overview

• VWDS, SFDR, PWDS, DSM 

 BlowView Optimization Package (BlowDesign)

• BlowDesign Optimization Loop and Flowchart

• Updating Design Variables

• Die Geometry/ Die Shaping Optimization (SFDR)

• Processing Conditions Optimization (PPT for VWDS, PWDS, DSM) 

 Case Studies: Jerry Can and Automotive PFT

 Concluding Remarks

Overview



About NRC
• Over 4,000 employees and 

650 volunteer and independent visitors

• Government Research Agency with 17 Research Facilities:  Involved in a wide 
variety of disciplines and support to industry

IRAP 

Research 
facilities

Advanced Manufacturing

Materials & 
Process Simulation

Vehicle Light Weighting

Vehicle Testing
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 In 1992 NRC launched SIGBLOW consortium

 Main objective was to develop an engineering 
software, BlowView, dedicated to simulate Blow 
Molding Processes: EBM & SBM + Thermo (1994) + 
TSEBM (2011) + SuBM (2016)

 Small membership base - select group of OEMs, 
Automotive, resin manufacturers, packaging and 
suppliers

 Members benefit from the competitive advantage of 
having exclusive access to latest advances in 
BlowView simulation software

NRC’s SIGBLOW & SIGSuBM Industrial 
R&D Groups



SIGBLOW and SIGSuBM members 
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http://www.suzuki.co.jp/
http://www.suzuki.co.jp/
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Virtual Optimization Goals

Predictive Tool 

Product Specifications

Robust Solution

Optimization Tool
(Objective function)

Initial case

Optimal solution ?

To attain:
 Product Specifications

 Maximal quality
• Minimal part weight
• Uniform thickness
• Better structural/permeability 

performance

 Minimal development time
• Minimal cost

By manipulating :
 Process operating conditions

EBM - PFT
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EBM Optimization

Objective: Minimize Part Weight or Target a Uniform Thickness

• Obtain the most uniform part thickness, 
around a target thickness value, while 
respecting a minimum thickness constraint

Uniform inflated parison thickness (Algorithm 1):

Min. Thick.
Constraint

Part thickness  
[mm]

Position along the part  [mm]

Target Thick.
Min. Constraint

Part thickness  
[mm]

Position along the part  [mm]

Minimum inflated parison weight (Algorithm 2):

• Obtain the thinnest possible part while 
respecting a minimum part thickness 
constraint (Penalty method)
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EBM Die Head Technologies Options

Die Option
Thickness  

Profile
Die Geometry Parison/Part Thickness

VWDS
• Vertical Wall Distribution System

• Manipulate mandrel opening (i.e., die gap) vs. time

PWDS
• Partial Wall Distribution System

• Manipulate stroke position vs. time
• For producing non-symmetrical parts or square bottles

SFDR
• Static Flexible Deformable Ring

• Manipulate stroke positions to create a circumferential 

variation in the thickness at specific angular position 

along the parison length

DSM
• Die Slide  Motion

• Manipulate slide position vs. time

180°

0°

90° 270°

180°

0°

90° 270°

0° - 30°

220° - 250°

0% 

Open 50% 

Open

270°205°

270°

235°
220°205°

Thickness (mm)

8.0   

7.2   

6.4   

5.6   

4.8   

4.0   
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Optimization Flowchart

Parison Length Optimization

Die Shaping Optimization

VWDS, PWDS, DSM Optimization

SFDR ?

Yes

VWDS, PWDS, 

DSM ?

Parison Length OK?

No

STOPNo

Yes

Local optimization loop: ݓ݋݈ܨ :�ݐ�ܴ ܳ ݎ݋ ݊݋�ݏݑݎݐݔܧ ܶ�݉�: ���ݐ

Local optimization loop: ܳ ;���ݐݎ݋ ����ெ�ே݌�ܩ ݎ݋ ������ெ݌�ܩ

Yes

No

Local optimization loop: ܳ ݎ݋ ,���ݐ ����� , Θ����; ܵଵ����, ܵଶ����
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Case Study: EBM Optimization of a Jerry Can
with and without Swell 

Problem Description:
• Objective: Target a uniform part thickness = 3.0 mm

• Design Variables: Gap opening, die gap (Gmax), flowrate (Q), 

PWDS stroke motions (S1, S2)

• Material: PP Pro-Fax SV152 

• Parison length: 430 mm

• Fix extrusion time: 30 sec

• Number of prog. points: 10

• Initial gap opening: 75%

• Die Geometry: Gmin = 2 mm, Gmax = 10 mm (circular)

• Initial PWDS: S1 = 0.0 (0º), S2 = 0.0 (180º)

• Five Optimizations will be performed:

 VWDS, SFDR, VWDS+PWDS, VWDS+SFDR, VWDS+SFDR+PWDS



Case Study: EBM Optimization of a Jerry Can 
with Swell and Sag

Opening : 50 %

Initial Design SFDR VWDS SFDR+VWDS VWDS+PWDS SFDR+VWDS+PWDS

2 mm

7 mm

Target

3 mm

Std. Dev. (): 2.84

Avg. Thick: 6.06 mm

3.97

7.55 mm

0.63

2.98 mm

0.57

2.67 mm

0.62

2.99 mm

0.60

3.01 mm

18.5mm

7.8 mm

9.4 mm

1.9 mm

10.2 mm

1.9 mm

11.2 mm

1.7 mm

12.4 mm

1.6 mm

11.9mm

8 mm
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SFDR+VWDS+PWDS: Objective Functions and 
Flow Rates

Die gap Programming (VWDS+PWDS) Optimization

Die gap Programming (VWDS+PWDS) Optimization



Stroke Position (PWDS) OptimizationStroke Position (PWDS) Optimization

SFDR+VWDS+PWDS: Design Variables vs 
Optimization iterations

SFDR Optimization

8.5 mm

18.5 mm

13

VWDS Optimization

VWDS Optimization

2.7 mm

12.4 mm
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Case Study : Weight & Barrier Layer Optimization 
for Automotive PFT (Kautex-Textron)

• Material: HDPE virgin & recycled, EvOH
LLDPE adhesive

• Parison length: 1800 mm

• Extrusion time: 130 sec

• Minimum PFT thickness: 3.1 mm (before shrinkage)

• Daily Fuel Emission (DFE) constraint = 10 mg/day

• No Die Shaping, VWDS

• Swell Parameters: 0.31, 0.1, 0, 0.441, 0.538, 0

The standard line search algorithm 
(Gradient Method) is used to update the 
design variables for Weight Optimization



15

Permability Analysis PFT

PFT Layers of 
Initial Design

Layer 
Percentage

[%]

Diffusion 
Coefficient 

[m2/s]

Solubility 
Coefficient

[g/g]

Virgin HDPE 24.7 5.5e-12 6.8e-2

LLDPE adhesive 2.5 8.2e-12 1.49e-1

EvOH Barrier 0.3 5.0e-13 5.0e-4

LLDPE adhesive 2.5 5.5e-12 1.49e-1

Regind HDPE 50 5.5e-12
6.8e-2

Virgin HDPE 20 5.5e-12 6.8e-2

Material Properties of PFT Layers

Adhesive LLDPE

Virgin HDPE

EvOH barrier

Regrind HDPE

Virgin HDPE

C=Cs

C=0 C=0



Weight and Barrier Layer Optimization 
Results (with pinch analysis)

19.9 kg

Iteration #4

18.7 kg

Iteration #10

17.6 kg

Iteration #20

3.0

13.2

Initial Design

21.7 kg

3.30% EvOH

10.2 mg/day

3.6% EvOH

9.98 mg/day

3.81% EvOH

9.98 mg/day

0.3% EvOH

90.8 mg/day

3.2

12.0

Constraint:

3.1mm (min.)

Target:

DFE = 10 mg/day

Total Shot Weight:

(mg/day/m
2
)

(mm)



17

Optimization Results (VWDS Profile) 

BOTTOM TOP
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Weight and Barrier Layer Optimization Results

90.8 9.98 9.98Daily Fuel Emission (mg/day):

Optimization Iteration/ Weight (kg): Initial/21.7 10/18.7 20/17.6

EVOH (%): 0.30 3.60 3.81

1.35 1.54

8.63 

1.25

89.55 8.44Shell DFE (mg/day):

Pinch DFE (mg/day):

Pinch-Off  Top

Pinch-Off  Bottom

FPRD

(mg/day/m2)
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 Improve the optimization procedure to enhance the convergence for multiple 
die head technologies

 Incorporate multiple objective function capabilities:

 e.g., target a uniform thickness part while minimizing the flash weight and 
respecting a min. thickness

 Incorporate warpage module in the optimization package:  

 Optimize the cooling cycle time to minimize part warpage

Conclusion & Future Developments
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