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Advanced Manufacturing
e 2016-17 budget: $S1B | m Research
facilities

e Over 4,000 employees and
650 volunteer and independent visitors

* 25 Government Research Facilities: Involved in a wide variety of
disciplines and support industry



SIGBLOW Industrial R&D Group 3 )

> Blow molding simulation
research consortium, led by
NRC (1992-present)

> Members include global
leaders in the automotive,
packaged goods and resin
iIndustries
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> Members benefit from the
competitive advantage of
having exclusive access to
latest advances in BlowView
simulation software




SIGBLOW members by sectors 3 )
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Stretch Blow Molding (SBM)

Twin Sheet Extrusion Blow Molding (TSEBM)



Thermoforming




BlowView simulation software

> Only dedicated software capable of s gr 0
simulating and optimizing blow molding S O A NS
and thermoforming processes /W =

> Enables reduced costs and production
time:
- Reduced material loss
- Reduced design to production cycle time
- Reduced production errors

- Test engineered materials for specific
applications

- Improve functional performance

Thickness_(mm)

12.16
| 1159

> Used by the world’s leading
manufacturers in the automotive and
packaging industries
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Simulation of a Fuel Tank

EXTRUSION
BLOW MOLDING
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Extrusion Blow Molding

Extrusion

eFluid mechanics inside
the die (generalized
Newtonian fluid)

eTime dependent
deformation
(viscoelastic K-BKZ
model)

eDynamic swell and sag
calculation under non-
isothermal conditions

eConverging and
diverging dies for small
and large die heads

*\VWDS/SFDR/PWDS

Mold
Displacement

¢All mold components
are movable
(up to 15 tools)

eFriction between mold
components and
polymer melt

(contact algorithm)

eHeat transfer analysis
between mold and
polymer melt

Inflation

e Multilayer viscoelastic

membrane finite N

elements

*K-BKZ constitutive
law used for stress-
strain deformation
for each layer

eLarge deformation
capabilities

eHeat transfer analysis
between polymer
melt/mold and
polymer/air

eContact between
polymer/cavity
and polymer
/flash

< S
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Part Cooling
And Warpage

¢|In-mold and
out-of-mold cooling

eCalculation of residual
stresses

eShrinkage and warpage
induced deformation

eDe-flashing capabilities

-

A
& |

Thickness
Mapping

ePart/Flash weight
calculation

eThickness distribution
exported for structural
analysis

e Ansys

*ABACUS
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Extrusion Blow Molding
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EBM Parison Formation

Flow in the
Die

(Carreau) wall
N&T) =ngAr[l+AATRI [P ~D/2

Stress level

Parison
Formation
((&:1l¢4) Solid
Mechanics
-

Phenomenological Model



EBM Parison Formation
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EBM Parison Shaping Options

* Vertical Wall Distribution
System

* Manipulate mandrel opening
(i.e., die gap) vs. time 0% Open

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

220° - 250°




EBM Process Optimization

SFDR Programming Profile

235°

. .. . 205° 270° 205° 220°
Parison Length Optimization i

270°
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VWDS Optimization
+

PWDS or DSM Optimization

Die Points

Fully Automatic
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EBM Optimization of a Jerry Can

. “’_‘
Initial Design VWDS VWDS+PWDS VWDS+SFDR VWDS+SFDR+PWDS
Std. Dev. (o): 0.83 0.63 0.51 0.45 0.4
Avg. Thick: 3.38 mm 3.02 mm 3.03 mm 3.06 mm 3.1 mm

NC-CNC



EBM Optimization of a PFT

Initial Design Iteration #1 Iteration #3 Iteration #6

Thickness [mm]
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0.3% EvOH 3.30% EvOH 3.6% EvOH 3.81% EvOH
90.8 mg/day 10.2 mg/day 9.98 mg/day 9.98 mg/day




EBM Optimization of a PFT

Part
Weight Optimization

Thickness [mm]

Reduction of Fuel
Tank Emissions
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Twin Sheet Extrusion Blow Molding

Thick(mm)
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2.5D Hybrid Approach

Fluid Mechanics/Solid Mechanics

ﬂ P Mechanics| '
Flow in the Zhl j .
Die —\
(Carreau) wall =
N(&T) =noAT[l+AATR* D72 :
o

Parison
Formation

(K-BKZ)

Solid
Mechanics
-

—(t-1)/, }(c‘l(r,t)+6c(1:,t))jdT PhenomenOIO ical MOdel
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2.5D Hybrid Approach
Fluid Mechanics/Solid Mechanics

- 2.5D Generalized-Newtonian (Carreau) - Flow Kinematics
- Hele-Shaw Lubrication Theory - Flow Temperature
- Energy Equation - Shear Rate History

- Tracking »Deformation History
- An Appropriate Constitutive Law
- WLF Temperature Shift
- Initial Stress

- Relieve Initial Stress
-2.5 D Solid Mechanics FE
- Constitutive Law(KBKZ)
- Swell: Width (small)

- Swell: Thickness

Phenomenological

e NRC’s papers on swell model:
1) Azizeh-Mitra Yousefi, Paul Collins, Stephanie Chang, Robert DiRaddo, Polym. Eng. Sci., 47, 1 (2007)
' 2) Azizeh-Mitra Yousefi, Jaap den Doelder, Marc-André Rainville, Kurt Koppi, Polym. Eng. Sci. (2009)
3) Azizeh-Mitra Yousefi, Haile Atsbha, Polym. Eng. Sci.




Phenomenological Model Calibration )

Experimental Validation (Kautex Textron) »

" Flash Area { 1

Measure :
Segment Area, Weight
Video Test
Measure :
Width , Y (Die)




Simulation Results

Total Sheet Width & Weight Distribution

Flow Rate per Sheet = 200 kg/h : Die Gap= 12 mm N
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Validation on an Industrial Part

(Kautex Textron)

i

Processing Conditions: .
Material: Lupolen 4261A +

EVOH
Total Mass Flow: 690 Kg/hr
Extrusion Time: 82 sec
Blow Time: 27 sec . | 2

Lower Shell (Z {')J%
Total Shot Weight: 15.7 Kg
Tank Weight : 7.05-7.1Kg Middlel Tool
Flash Weight: 8.65—-8.7Kg ‘
|

Upper Shell (Z+) N:-I"
A\ / N Courtesy of Kautex Textron




Validation on an Industrial Part
Measured Thickness - Upper Shell

Courtesy of Kautex Textron

Thick(mm)
2.5 3.0 3.5 4.0 4.5 50 54 59 6.4 69 7.4

34 NC-CNC




Validation on an Industrial Part )
Measured Thickness - Lower Shell )

Courtesy of Kautex Textron

Thick(mm)
2.5 3.0 3.5 4.0 4.5 50 54 59 6.4 69 7.4

35 NC-CNC




Validation on an Industrial Part »

Thickness Comparsion (16% Shrinkage)

Upper Shell (Z+) Lower Shell (Z-)

Measured Simulation Measured Simulation

Thick(mm)
24 3.0 35 4.1 46 52 58 63 69 74 80



Validation on an Industrial Part

Part Weight Comparison

Measured

Predicted

Tank Weight

7.05-7.1Kg

Flash Weight

8.65—8.7 Kg




Conclusion

> BlowView is a useful tool for predicting complex
parison and sheet formation for EBM and TSEBM
processes;

> Entire processing steps are predicted using
BlowView;

> Intensive validation studies are conducted with
iIndustrial partners;

> Optimization, warpage and permeability packages
as well as large material database are available.
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