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Moldex3D

Procomp: Thermoplastic composite technology
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Process steps Moldex3D

Laminate heating

By IR-lamp oven

Glass fiber Twill 50/50 fabric
PP matrix
Thickness =1 mm

T laminate @fter heating = 170-180°C

Laminate transfer

Pick-up from oven

Fast movement

Extraction of previous part from mould
Placing pre-heated laminate

PROCOMP
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Process steps Moldex3D

Mould closing/laminate thermoforming
One-step forming
By mould clamping (cavity/core)

Thermoplastic injection overmoulding
PP+30% gf (Borealis GD301FE black)
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Mold features Moldex3D

Laminate retaining system
To hold the laminate for thermoforming
By means of pins
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Mold features Moldex3D

Laminate retaining system
To hold the laminate for thermoforming
By means of pins
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Mold features Moldex3D

Injection system
Hot runner injection system
Thermoplay FNH624076

Injection directly on part
On longitudinal flow leader (supporting partners’ LOGOS)
4 holes for flow transfer to inner side

INJECTION

P e @ BB WO S
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Mold features Moldex3D

Injection system
Hot runner injection system
Thermoplay FNH624076

Internal flow leader to distribute material
to periphery and fill ribs
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Materials Moldex3D

ORGANOSHEETS

o PP+GF 50/50 (Twill fabric)
TEPEX® dynalite 104-RG600(2)/47%

Thickness =1 mm BOND

« PP+FV 80/20 (Almost unidirectional)

TEPEX® dynalite 104-RGUD600(2)/47%

Thickness =1 mm BOD

A V1 1 N AT E S

OVEROULDING THERMOPLASHYC ®

. PP+30%FV
Xmod™ GD301FE

_Va BorEALIS
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Testing Moldex3D

Flexural testing 3 (points bending)
Supports span: 150 mm
Testing speed: 2 mm/min
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Response Moldex3D
1.2

—— ® PP+30%gf (no laminate) e
1.0

® 50/50 twill laminate +
overmoulding

0.8

80/20 unidirectionl laminate
+ overmoulding

0.6

0.4

Load (kN)

0.2

0 10 20 30 40 50 60 70
Displacement (mm)

Material Om Em

kN mm
PP+30%gf (no laminate) 0.74 8.35
50/50 twill laminate + overmoulding 0.96 6.66
80/20 unidir laminate + overmoulding 6.06
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Overmoulding
simulations
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TP composite overmoulding Moldex3D

simulation

Filling pattern

Balanced filling
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TP composite overmoulding Moldex3D
Complete filling S|mUIat|0n

Filling_Melt Front Time

Time = EOF

Thermoplastic laminate composite
0.279

0.239

Thermoplastic injection overmoulding

0.080

0.040

— 0.000 M o] Ide)( 30

PROCOMP
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TP composite overmoulding Moldex3D

simulation

Temperature at flow
front

Filling_Melt Front Temperature
Time = EOF

[oC]

234.756
233.706
232.655

— 231.605
— 230.554

— 229.504

|  228.454

| 227.403

226.353

225.302

] 224.252

1 223202

Flow front temperature under control
No overheating during filling
No relevant temperature drop

222.151
221.101

220.050

219.000 MOIdeX 3D

PROCOMP
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TP composite overmoulding Moldex3D

Packing phase simulation

Packing_Pressure
Time = 4696 gec (After EOF)

[MPa]

90.000
88.788
87.576

| 86.364
— 85153

— 8391

82.729

81517

80.305

79.003

77.882

76.670

75.458 : 5 \
74.246

73.034

71.822 MOIdex

PROCOMP

Efficient packing
Regular pressure drop over flow lenght
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TP composite overmoulding Moldex3D

simulation

Frozen layer at end
of packing

Packing_Frozen Layer Ratio
Time = EOP
[%]

100.000

Em

093.333

86.667

— 80.000

1 #3333

1 66.667

60.000

53.333

46.667

40.000

33.333

26.667

Partial freezing at end of packing
Chance to extend packing time

20.000
13.333

6.667

0.000 MO | dex >
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TP composite overmoulding Moldex3D

simulation

Temperature at end
of cooling

Cooling_Average Temperature
Time = EQC
[oC]

90.000

87.058

84.116

— 81174

— #8232

— ¥5.290

72348

69.406

66.464

63.522

60.580

57.638

Long enough cooling time
Average part temperature under reference
ejection temperature (90°C)

54.696
51.754

48.812

45.869 MOIdeX %, ——
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TP composite overmoulding Moldex3D
Waroage simulation

z-direction

x-direction y-direction

0.390

-0.614

-0.726

0838 Moldex D

Moldex:D

L
o

Limited warpage in x directions.

Symmetrical deformation. Mucell foaming injection moulding

R elevant.warpage.in.y.and.z.direction.... B ap —

PROCOMP
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Mucell foaming injection Moldex3D

moulding

Key points

1. Reduced viscosity of molten thermoplastics

2. Microcellular structure of thermoplastic moulded parts

PROCOMP
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[ PLASTICS m? TION POLE ] M u Ce | I an m I ng I nJ ECt I O n MOIdeX .

moulding

Injection starts Partial volumetric In cavity gas
filling expansion

3. Nucleation and growth of cells depends on pressure during injection

4. Growth goes on until material freezes

ek ]

- tim

PROCOMP
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Mucell foaming injection Moldex3D

moulding

5. Expansion capability of gas is affected by part thickness

6. Foaming level depends on flow length (see chart)

40 :
% Wt. Reduction envelop
35 as a function of flow factor
30
-
9 25
° Low viscous (PA) top
> 20 <
©
Q 15
It High viscous (PC+30 gf
5 10 g ( gf)
q) ~
=& i
\
O T T T T T T T T
50 75 100 125 150 175 200 225 250
Flow factor
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Mucell foaming injection Moldex3D

moulding

7. Foaming is controlled and repeatable

8. Mechanical properties are preserved up to expansion about 10%

stipagth - - - exural-strengt

[ki/m?] x 107" [Mpa] [Mpal]

| M compact M 10% WR. [ 17% WR. 27% W.R.

Celanex® 2300 GV 1/30 (PBT with 30 % glass)
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Mucell foaming injection Moldex3D

moulding

9. Mechanical properties variation depends on the plastic material itself

10. Mechanical properties variation depends on fillers/reinforcement

Flexural Strength ar Yield

Flexural Strength at Yicld

Notched lzod Impact . — g Flexural Modulus

Notched [zod Impact  Flexural Modulus

:_(-1\ == 2% Wi, Reduced

d == 2%, Wt. Reduced == 5% Wi Reduced
[ | 8- 5% Wi, Reduced \ = 10% W1, Reduced |
| 4~ 10% Wt. Reduced === 15% Wt. Reduced |

== 15% Wi Reduced === 20% Wt. Reduced |

=== 2P Wi. Reduced

\ Elongation at Break — = Tensile Strenyth at Yield

Elongation at Break —

Tensile Strength a1 Break . Young's Modulus

/ \
Tensile Strength at Break Young's Modulus 2 T e I 2
Figure 6.13 Property comparison GE Noryl GFEN2 20% GF PPOPS

Figure 6.10 Property comparison GE Norvl 731 SEI PPO'PS

Unfilled Filled

PROCOMP
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Mucell foaming injection Moldex3D

moulding
Expansion
prediction
:i::= EEEEEEE ﬁE[OF ]
I 43.336 CE”S S|Ze l 93.333 Cells denSIty

Moldex 3D

Good foaming properties
Cells size under 50um

%
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Expansion
prediction

U
)
=
©)

Mucell foaming injection
moulding

Good foaming properties

Moldex3D

C

ompleted gas foaming (cells growt

Overall weight reduction = 8.4%

Filling - Gas Wolume Fraction

Inisne

T

3.05

Moldex:

I | Procomp-mucell02.Igf - Blocco note

File Modifica Formate Visualizza ?

NO Time(sec)

pres(MPa) Q(cc/sec) Fil11(%) GasFill1(%) cpu(sec)

ParticleTracersteps = 1173
</ Summary>

<Application_Informations
<Process00>

volume filled from Gate #1- = T
<MCIM> wWeight Reduction Percentae= 8.37237 %

Total weight(Cold runner + Parts)

1

24,885 g

<Current_Process_Informations>

4.579

Reading mold temperature distribution from transient cool result!

40438

=
391 26,527 0.00 .00 100.00

<Summary=
cpu Time for Fill Analysis = 11.2 hr
Mold-Opening Direction = Y-axis

| Clamping Force at EOF = 0.3 Ton
Part weight of Cavity #1 = 24.885 g
cavity #1 full filled at time = 0.14228 sec

s.cc, ( 100.00%)

—&— Gas Vblume Frastion [%]

.3
2
2
i T T T T T A A

o
=t
5

265

S
=

535

786

106!

1526 1592 1857

rrrrorroprrrrrrrrryrrrrrrrrryrrrrrrrrryrrrrrrrrryrrrrrrrrryprrrrrrrr T rr T T T T T T

21.22

2387 2653




pro@last . . -
Mucell foaming injection Moldex3D

moulding

Temperature at end
of cooling

Cooling_Average Temperature
Time = EOC
[oC]

90.000

86.376

82.751

79127

75502

71.878

68.253

64.629

61.005

57.380

53.756

50.131

Faster cooling
Average part temperature lower than
compact moulding and largely below
reference ejection temperature (90°C)

46.507
42.883

39.258

35,634 M 01 dex , D

PROCOMP
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Mucell foaming injection

moulding

Moldex3D

Warpage

Warpage_X-Displacement

[mm]

Warpage_Y-Displacement Warpage_Z-Displacement
0217 . . [mm] . . [mm] . .
x-direction . Y-direction v Z-direction
0.188
0.089 0.107
0.159
0.068 0.091
0.130
0047 0.074
0.101
027 0.058
0072
0.006 .01
0.041
0014 0.025
0.015
0035 w008
0014
0055 o
0.043
0076 T
0072
G 0.041
£.4m
0117 .
0129 0138
0.073
-0.158 0158 4 L
" -0.090
0.187 = -0.179
0.106

0216 Moldex:D 0199 Moldex:D 0123 Moldex:D

Strong reduction of warpage in all directions.
By Mucell process: Symmetrical deformation.

%

PROCOMP
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TP composite overmoulding

simulation

Mucell
o (s) 0.15 0.53
Trer CC) 245 245
Tmould (OC) 40 40
Gas dosage (%) 1 --
Switchover (%) 97 98
et (&) 1 9
Pl (bar) 700 900
tcooling (S) 33 28
leate (s) 39.1 42.5
Shot weight (g) 24.9 27.2

Xx-warpage (mm)
y-warpage (mm)

z-warpage (mm)

-0.216/+0.217
-0.199/+0.109
-0.123/+0.124

-0.286/+0.286
-0.988/+1.887
-0838/+0.837

Moldex3D

Variation (%)

-8
-8.4
24 | -24
-79 1 -94
-85/ -85

PROCOMP
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FEM simulations
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Virtual run Moldex3D

Process - Material < Structure

(Injection wiolding Machir@
NS AR
/TSimuIatin the \ ici ) e )
s g | Prevision of the Buildine th
1| process Ll Microstructure | PUrains the Structural
\ _ \ | material model simulation
* Convlzptlonal * Fiber orientation . Accurate « Stiffness
moulding
e Cell dimensions Mechanical model o
* Mucell injection « Cell density and sefmZIt?\?elct?) mode Strength
moulding e Performance
distribution S morphology y
¢ Heat and cool
\ injection moulding

N NS NS
Moldex3D  ©/Ldigimat®  wscRsoftware

MOLDING INNOVATION

PROCOMP
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[ PLASTICS INNOVATION POLE ]

FEM simulation of thermOpIa.stlc Moldex3D
composites

Procomp H
Laminate modeling (exahedral mesh)

Overmoulding modeling (tetrahedral mesh)

Laminate: Twill 50/50 glass, PP matrix

Overmoulding: PP+30%gf (Borealis GD 301FE)

Mirostructure description + :
P Microstructure overall response

Material model sensitive to
microstructure

) FEM

GFRP's results
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amrmmmmsF EM simulation of thermoplastic Moldex3D

composites
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FEM simulation of thermoplastic Moldex3D

composites
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FEM simulation of thermoplastic poldex 3D
composites
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FEM simulation of thermoplastic ~ , o~

composites

Crack initiation
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FEM simulation of thermoplastic
composites

Moldex3D

Procomp

Twill 50/50 — PP+30%gf

RN

©

\\

Standard force [kN]

(e}

\

o©

[»]

10 20 3

0 40

o

Deformation [mm]

mmmes  Experimental
memm= Simulation
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Sum up
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Thermoplastic composites

Favourable combination of reinforce by continuous fibers (fabric) characteristic of traditional thermoset
composites and chance to integrate on parts features typical of injection moulding

* High stiffness

High mechanical strength

Excellent impact resistance

Lightweight

Chemical resistance

Processability

Production process of high productivity

* Production cycle similar to injection moulded thermoplastics

Unlike Thermosets, no long curing times are required

NO need of autoclave neither specific process devices

Completely automated process

PROCOMP
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Design freadom integratl0n O D O O e———————

e Chance to integrate functional details by overmoulding (ribs, bosses, pins, anchor points, snap-fits etc.)
* Unlike hi-filled thermoplastics, exhibit progressive damage and progressive failure

* No sudden failure

Simulations of thermoplastic composites

Simulation on injection overmoulding

* Compact/Mucell simulation
* Prediction of process and part quality
* Local prediction of overmoulded component’s morphology (fiber orientation, cells size and density)

* Exploitation of flow simulation results into FEM structural simulations

Integration of process-dependent morphology into FEM structural simulations

* Material model sensitive to microstructure of both laminate and overmoulding
* Advanced structural simulations

* Highest correlation between virtual modeling and reality

PROCOMP
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Thank you for your attention

Andrea Romeo

Consorzio Proplast
Head of Engineering Dept

andrea.romeo@jproplast.it
+39 01311859743
www.proplast.it

pro@last
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Il problema
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La soluzione
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Thank You

MOLDING INNOVATION



