- MAPP 2023 — Understanding Mold Stresses
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Agenda

- Overview of the project and goals

- Process parameters and corresponding results
- Discuss Mold Design considerations

- Final Conclusions
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Project Overview
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Project Overview

There are a couple of areas of concern within the mold design
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Wear and Tear

Concerned that the core pins wear and tear over time
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MAPP 2023

What could increase core pin bending and stress?

- Temperature of the core pins

- Pressure differential on the pins during filling and packing

- To a lesser extent, temperature of the part
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MAPP 2023

Process Parameters

- PPA

- Polymer Temperature — 617F
- Mold Temperature — 284F
= Fill Time — 0.3 seconds

- Packing Pressure — 15,900 psi
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- Cooling Time — 10 seconds
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Mold Temperature

r : Temperature
Operating temperature is set to 284F | 268.3

£ Empty

288.3

-~ 282.9°F _
2% : 287.4
286.4
S
285.5
284.5
283.8 °F ’ :
/ -~ 2836

282.6

281.7

280.7
. 279.8

278.8

5 i 7 277.9
o . e

e _ 276.9

[~ _ e . 276.0

-]
=
=
2
= o :
£ o7 b e - : 275.0 Z
= y . d
b Cycle 10, Filling, Temperature e / - ]
0.0ms, 0.00 % = ) 230.1

' X-Ray:on [ - G
b Oct 02, 2023 01:13:41 PM ) B g Virtual Molding
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Filling Pattern

Temperature
°F
-457.9

Empty

617.0
607.9
598.9
589.8
580.7
5716
562.6
553.5
544.4
535.4
526.3

z 517.2

508.1
499.1

vO7_d3 490.0
Cycle 1, Filling, Temperature
0.0ms, 0.00 % -459.7
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X-Ray: on G
b Sep 19, 2023 01:45:19 PM Virtual Molding



MAPP 2023

Filling Temperature

Temperature
o

664.6
Empty

50F increase in
temperature during filling

617.0

607.9

598.9

589.8

580.7

571.6

562.6

333.5

544.4

535.4
526.3

517.2

X
/ g 508.1
499.1

v07_d3 490.0
Cycle 1, Filling, Temperature
742.6ms, 99.01 % 428.4

Virtual Molding

X-Ray: on G
b Sep 19, 2023 02:56:21 PM Virtual Melding
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Shear Rate

Shearine Rate

The Shear -
Rate is
54,400 1/s

Shear rate

value .
corresponds
to the 27197
temperature
. 19427
increase I
11656

388

Virtual Molding

Cycle 1, Filling, Shearing Rate
150.3ms, 20.05 %

b Sep 19, 2023 02:05:42 PM
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Filling Pattern

Pressure

psi
14,7

Empty

32000
29715
27431
25146
22861
20577
18292
16007
13723
. 11438
9153

z 6869

4584
2299

w2 15
Cycle 1, Filling, Pressure
0.0ms, 0.00 % 14.7
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X-Ray: on G
b Sep 30, 2023 09:03:26 AM Virtual Molding
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Filling Pressure

Pressure
psi
3.,236e+04

Empty

32,000 psi pressure requirement

32000

29715
27431
25146
22861
20577
18292
16007
13723
11438

9153

z 6869

X
4584
2299

v02 15
Cycle 1, Filling, Pressure
148.5ms, 99.03 % 14.5

Virtual Molding

X-Ray: on G
b Sep 30, 2023 09:28:45 AM Virtual Melding
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Stresses in the Core Pins

Are the core
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Deformation in the Core Pins

Core pins
move in the
direction that
the flow hits it

e

v06

Cycle 1, Cooling, Total Displacement
1.913s, 20.00 %

X-Ray: off

Sep 18, 2023 12:32:03 AM

(

C

Total
Displacement

in
2.3302e-04
Empty

2.3302e-04
2.1664e-04
2.0026e-04
1.8388e-04
1.6749e-04

1.5111e-04

. 8.5583e-05

6.9201e-05

5.2819e-05
3.6436e-05
2.0054e-05

3.6721e-06

3.6721e-06

Virtual Melding



Virtual Molding

MAPP 2023

Shift the
placement of
the holes and
cause
assembly
Issues

How does this movement influence part quality?

l Total
Displacement

5.0865e-03
4.6704e-03
4.2543e-03
3.8382e-03

Y

3.4221e-03

3.0060e-03
2.5898e-03
2.1738e-03
I
1.7577e-03

1.3416e-03

9.2548e-04

] Yz 5.0938e-04
9.3273e-05
v06
Cycle 1, Cooling, Total Displacement 273e-05
1.913s, 20.00 %
X-Ray: off

Virtual Molding
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How does this movement influence part quality?

l Total
Displacement

Create
differences in
wall thickness

which can . Toroe 0

impact ’

cooling time Sazre s

Differences in

cooling can
% Iead o X 9,2548¢-04
: Warpag e 85 5.0938e-04
g ;Sfile 1, Cooling, Total Displacement 273e-05

1.913s, 20.00 %
b X-Ray: off

Virtual Molding



Virtual Molding

MAPP 2023

Stresses in the Core Pins during Filling

The highest
stresses are
located just
above where
the core pin
touches the
core block

R

z
X
g
v06
Cycle 1, Filling, Max. Principal Stress
329.3ms, 94.08 %

X-Ray: on
Sep 17, 2023 10:57:00 PM

Max. Principal
Stress

psi
1100

Empty

1000
929
857
786
714

643

500
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Stresses in the Core Pins during Filling

786

break the pins

714

Stresses are Empty
not high
enough to

500

z
X
)r 143
']
Y 71
v06
Cycle 1, Filling, Max. Principal Stress

329.3ms, 94.08 % -1488

X-Ray: on G
b Sep 17, 2023 10:57:00PM T intual Molding

Virtual Molding
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Stresses in the Core Pins during Packing

Max. Principal

© © Stress
1.47le+nDS¢}-

Stress _ ,\ Emory
increases l l i
during

packing

786

714

643

Stresses are |
not high
enough to &,
break the pins

z 214
o X
e
[-] ']
= : 71
E
E v06 0
= Cycle 1, Cooling, Max. Principal Stress

2.3475,23.06 % -5411

X-Ray: on G
b Sep 18, 2023 12:55:34AM T intual Molding
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Why is the force higher during Packing?

Absolute Velocity

o

s

5 V06 V06

° Cycle 1, Cooling, Absolute Velocity Cycle 1, Cooling, Pressure

= 2.7075, 25.10 % 3.59¢-07 27075, 25.10 % 8807

3 XRay:on SIOMASOFT" XFav:on SIGMASOFT'
E Sep 15, 2023 06:19:31 PM Virtual Molding Sep 15, 2023 06:19:31 PM Virtusl Malding
S 11
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Wear and Tear

Die Lifetime

1.638e+06

Empty

How the mold

runs would ]
determine Saeraso || o
how often the o
cores would

n ee d to be 897092.125 25600

666318.000 12800

replaced

3200

1600
472263.562
800
| X 400
) 200
w02
Die Lifetime 100
: 32.000s
X-Ray: on 100
b Sep 30, 2023 04:02:50 PM G

Virtual Molding

Result - T i Melding
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Wear and Tear

Die Lifetime

1.638e+06
Empty

Assum|ng the '1112097.250 E2660 a1

tOOI runs 12 429 Weeks 819200
hours a day ‘539942, 1] 16 Weeks Es‘fg_sgo 409600

and 6 days a
week

227 weeks 9 weeks | | =

51200

25600
666318.000 12800
6400

3200

257 weeks
472263.562
' 800
400
' 182 weeks
w02
] Die Lifetime 100
32.000s
X-Ray: on 100
Sep 30, 2023 04:02:50 PM G
b Result - T i Melding

897092.125

346 weeks

Virtual Molding
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Does our Process influence the Wear and Tear?

Filling Time
between 0.25
to 2 seconds

Part
Temperature
between 590F
to 644F

Mold
Temperature
between 248F
to 320F

Virtual Molding




Virtual Molding

MAPP 2023

Running a fill
time slower
than 0.5
seconds

However,
short shots
start to
happen above
1.5 seconds

1638399.500

1638399.625

1391675.000

1638399.500

v05_d10
Die Lifetime
32.000s
X-Ray: on
Result

1460177.875

1638399.625

1638399.625

16383599.62

Does our Process influence the Wear and Tear?

Die Lifetime

1.638e+06
Empty

1638400
1608890
1579911
1551453
1523509
1496069
1469122
1442662
1416676
1391159
1366102

1341497

1317333

1293606
1270307
1.27e+06

Virtual Molding
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Next Area of concern

L | [ ]
Do we have.any significant stress in the teeth?
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Filling Pattern

Melt is pushing on
the core without any
resistance from the
other side

g

v09
Cycle 1, Filling, Pressure
533.6ms, 71.14 %

: X-Ray: on
b Sep 19, 2023 04:29:51 PM

[
=
=

N
=
®

S
]
s
=




MAPP 2023

Pressure influence on the core movement

Total Pressure
Displacement i
( in
\ /L 4.2492e-04 .
. Empty

——
4.2492e-04

3.9516e-04

~

@
Y =

3.6540e-04

3.3564e-04

5878

3.0589e-04
2.7613e-04
2.4637e-04
2.1661e-04
1.8685e-04

1.5710e-04

[
w
@
o

1.2734e-04

=
~
~
B

9.7581e-05 z
6.7823e-05 X

3.8065e-05

8.3070e-06 v09
Cycle 1, Filling, Pressure
8.3070e-06 533.6ms, 71.14 %

- X-Ray: on
52’6&’!&;%{551 Sep 19, 2023 04:29:51 PM GMﬁ{ngﬁI

v06
Cycle 1, Cooling, Total Displacement
1.913s, 20.00 %
X-Ray: off

Sep 18, 2023 12:32:03 AM
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Max. Principal
Stress
psi
8414
1
Epty

Highest stress in the direction of flo

7187

5961

4734

3508

2281

1055

-172

-1398
-2625
-3851
-5078
-6304
-7531

Virtual Molding
>

v06 3
Cycle 1, Cooling, Max. Principal Stress
1.913s, 20.00 %

X-Ray: off
Sep 18, 2023 12:32:12 AM

-8757

-8757

%
o
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Virtual Molding
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Wear and Tear

Die Lifetime

1.638e+06
Empty

Assuming the
tool runs 12
hours a day
and 6 days a
week

1638400

819200

409600

204800

102400

36 weeks

12800

93597.680

Wsssc00 6400
S
3200

1600

800

X
7

¥

400
200
w02
Die Lifetime
32.000s
X-Ray: on

. Sep 30, 2023 04:02:50 PM
b Result

Virtual Molding

100




Virtual Molding

MAPP 2023

Running a fill
time slower
than 0.5
seconds

However,
short shots
start to
happen at
1.75 seconds

v05_d10
Die Lifetime
32.000s
X-Ray: on
Result

1432056.250

Does our Process influence the Wear and Tear?

Die Lifetime

1.638e+06
Empty

1638400
1572258
1508787
1447879
1389428
1333337
1279512
1227852
1178290
1130723
1085077

1041273

999237

958898

920188

9.202e+05

Virtual Molding
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New Process Parameters

New

Previous

- Polymer Temperature — 590F

- Polymer Temperature — 617F
- Mold Temperature — 284F - Mold Temperature — 284F

Fill Time — 0.3 seconds = Fill Time — 0.5 seconds

—

Packing Pressure — 15,900 psi - Packing Pressure — 14,700 psi

—

- Cooling Time — 10 seconds

o
e
~d
o
=
o
3
=
H

- Cooling Time — 10 seconds



MAPP 2023

Review the final parameters to check other issues

= Filling
- Packing

- Cooling

- Shrinkage & Warpage
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Filling Temperature

Temperature
°

631.9
Empty

15F increase in
temperature during filling

617.0

607.9

598.9

589.8
580.7
571.6
562.6
553.5
544.4
535.4
526.3
z 517.2

-] 4

£ 508.1

=

§ 499.1

"

£ v05_d10 490.0

- Cycle 10, Filling, Temperature

495.2ms, 99.03 % 389.4

X-Ray: on G
b Oct 01, 2023 09:22:47 AM Virtual Molding
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Investigating the areas cooling down quickly

Temperature
°

629.9
Empty

Should have no issues

filling the part
598.9
589.8
580.7
571.6
562.6
553.5
544.4
535.4
526.3
z 517.2
-] 4
£ 508.1
=
2 499.1
"
£ v05_d10 490.0
- Cycle 10, Filling, Temperature
110.7ms, 22.13 % 496.3

X-Ray: on G
b Oct 01, 2023 08:49:43AM T intual Melding
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Shear Rate

The Shear
Rate is
45,000 1/s

Shear rate
value
corresponds
to the
temperature
Increase

v05_d10
Cycle 10, Filling, Shearing Rate
165.3ms, 33.05 %
X-Ray: on
Oct 01, 2023 08:54:04 AM

Virtual Molding
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Filling Pressure

Pressure

psi
2.02e+04

Empty

20,200 psi pressure requirement

20198

18756

17314

15873

14431

12989

11548

10106

8664
7223

5781

4339

X
2898
1456

v05_d10 15
Cycle 10, Filling, Pressure

495.2ms, 99.03 % 14.5
XRay: on SIOMASOFT" //
Oct 01, 2023 09:22:46 AM Virtual Molding

Virtual Molding

SIGMASOFT
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Weldline Locations

B

v05_d10

Cycle 10, Filling, Weldlines Full
501.5ms

X-Ray: on

Oct 01, 2023 09:24:30 AM

3 A

Weldlines Full

1
Empty

1.000
0.954
0.908
0.862
0.816
0.770

0.724

0.678
0.633
0.587
0.541

0.495

0.449
E; 0.403

0.357

0.3569

Virtual Molding
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Air Entrapment

Pressure

psi
1.754e+04

Empty

17539

16287

15035

13783

12532

11280

10028

8777

7525
6273
5021

3770

2518

1266

v05_d10
Cycle 10, Filling, Pressur
485.0ms, 97.01 %
X-Ray: on

Oct 01, 2023 09:19:51 AM

15

Virtual Molding

14.5

Virtual Molding
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Cooling Pattern

Temperature
. :
h 657.1

Empty

657.1
642.3
627.5
612.7
597.9
583.0

568.2

553.4
538.6
523.8
509.0
494.2

479.4

464.6

v02 L.

Cycle 1, Cooling, Temperature
236.6ms, 1.03 %

X-Ray: on, range [374.00, 657.08] °F
Sep 30, 2023 059:36:25 AM

449.8
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449.8
SIGMASOFT 7/

Virtual Molding




o
=
D

o
=
®

3
]
s
=

MAPP 2023

Gate Freeze

Gate Freeze at 0.6 seconds

7 X
v05_d10
Cycle 10, Cooling, Temperature
1.1375,64.82 %

X-Ray: on, range [491.00, 604.51] °F
Oct 01, 2023 09:53:34 AM

All molten material will
continue to cool down
without any packing
pressure




MAPP 2023

Last Areas to Cool

Temperature
°

474.8
Empty

474.8
461.1
447.5
433.8
420.2
406.5
392.9
379.2
365.6
3519
3383
, X . 324.6

f 311.0
% 1 2973
v05_d10 283.7
Cycle 10, Cooling, Temperature

5.000s, 100,00 % 283.7
b X-Ray: on, range [374.00, 439.57] °F
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Oct 01, 2023 09:57:33 AM Virtual Melding
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Sink Marks

Sink Marks

in
2.6957e-03
Empty

2.6957e-03
2.5269e-03
2.3581e-03
2.1893e-03
2.0204e-03
1.8516e-03
1.6828e-03
1.5140e-03
1.3451e-03
1.1763e-03
1.0075e-03
8.3868e-04
6.6986e-04

5.0103e-04

vo7
Cycle 10, Cooling after Eject, Sink Marks
1h Omin 12s

X-Ray: on

Oct 02, 2023 02:04:03 PM

3.3221e-04

3.3221e-04

Virtual Molding

Sink Marks

in
2.6957e-03
Empty

2.6957e-03
2.5269e-03
2.3581e-03

2.1893e-03

2.0204e-03
1.8516e-03
1.6828e-03
1.5140e-03
1.3451e-03
1.1763e-03
1.0075e-03
8.3868e-04

6.6986e-04

5.0103e-04

Vo7 3.3221e-04
Cycle 10, Cooling after Eject, Sink Marks
1h Omin 12s

X-Ray: on

Oct 02, 2023 02:04:03 PM

3.3221e-04

Virtual Molding
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Shrinkage & Warpage

Total Total
Displacement . Displacement
n n
0.0409 0.0409
Empty Empty
0.04090 0.04090
0.03836 0.03836
0.03582 0.03582
0.03328 0.03328
0.03074 0.03074
0.02820 . 0.02820
hy - 0.02565 0.02565
— 0.02311 0.02311
0.02057 0.02057
0.01803 0.01803
= 0.01549 0.01549
0.01295 z 0.01295
: x 0.01041 vx ' 0.01041
@ ¥ 0.00787 0.00787
£ :
E v1o 0.00532 v1o 0.00532
° Cycle 1, Cooling after Eject, Total Displacement Cycle 1, Cooling after Eject, Total Displacement
E Ambient, 100.00 % 0.005324 Ambient, 100.00 % 0.005324
z X-fay: off siomasoFT  XFvoft SIGMASOFT'
t Sep 21, 2023 07:50:44 AM Vietusl Melding Sep 21, 2023 07:50:44 AM Virtual Wolaing
= .

SIGMASOFT
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While we are investigating the mold design...

Canwe cectae pare




MAPP 2023

What could increase part bending and stress during ejection?

- Temperature of the part
- Speed of the ejection system

= Position of the ejector pins
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Virtual Molding

MAPP 2023

Relationship between Cooling Lines and Ejector Pins

They can’t occupy
the same space

Have to find a
balance

I.-hl

‘"l

{3
w

-
l
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Part Material Review

MECHANICAL Dry Conditioned Unit Test Method
Tensile Modulus 2700 2800 MPa IS0 527-1
» hY - ..I BT
Tensile Stress (Break) 11’600 pS| 20.0 75.0 MPa ISO 527-2
Tensile Strain (Break) 3.0 4.0 Gy ISO 527-2
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Cooling Pattern

Temperature
; °F
\ 4 657.1

Empty

657.1
642.3
627.5
612.7
597.9
583.0

568.2

553.4
538.6
523.8
509.0
494.2

479.4

464.6

v02 ‘ .

Cycle 1, Cooling, Temperature
236.6ms, 1.03 %

X-Ray: on, range [374.00, 657.08] °F
Sep 30, 2023 09:36:25 AM

449.8

o
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449.8
SIGMASOFT 7/

Virtual Molding
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Last Areas to Cool

Temperature
°

477.9
Empty

,‘ / 477.9
\_/ \/ 464.5
. 451.0
437.5

\_, 424.1

i 410.6
\\—{ 397.2
383.7
3703
356.8
343.4

329.9

316.5

J ! 303.0
v02 \/i 289.5

Cycle 1, Cooling, Temperature
5.000s, 100.00 % 289.5

b X-Ray: on, range [374.00, 455.09] °F

Virtual Molding
~
}éx

Sep 30, 2023 09:45:55 AM Virtual Melding
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Contact Pressure Applied by the Ejector Pins

Contact Pressure

psi
2997

v10
Cycle 1, Cooling, Contact Pressure
30.700s, 98.46 %

X-Ray: off

Sep 20, 2023 10:37:49 PM
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Principle Stresses in the Part

Opposite of Ejection

Max. Principal EJ eCtI O n S I d e Max. Principal

Stress Stress

osi osi
1.375e+04 1.375e+04

Empty Empty
5000 5000
4584 4584
4168 4168
3753 3753
3338 3338
2922 2922
2507 2507
2091 2091
1676 1676
1260 1260
845 845
429 429
X 14 14

o - 402 - 402

s

= vio -817 v10 -817

° Cycle 1, Cooling, Max. Principal Stress Cycle 1, Cooling, Max. Principal Stress

E 30.950s, 98.58 % 817.1 30.950s, 98.58 % 817.1

3 X-Ray: off SIOMASOFT  ‘Fav:oft SIGMASOFT

E. Sep 21, 2023 12:33:26 AM Virtual Mokding Sep 21, 2023 12:33:26 AM Virtusl Malding

S .

SIGMASOFT
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Do we notice any issues?

Max. Principal
Stress

nsi

1.375e+04
Empty

5000
4584
4169
3753
3338
2922
2507
2001
1676
1260
845
429
14

- 402

v10

Cycle 1, Cooling, Max. Principal Stress
30.950s, 98.58 %

X-Ray: off

Sep 21, 2023 12:33:26 AM
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Do we notice any issues?

Max. Principal
Stress

nsi

1.375e+04
Empty

5000
4584
4169
3753
3338
2922
2507
2091
1676
1260

845

429

v10

Cycle 1, Cooling, Max. Principal Stress
30.950s, 98.58 %

X-Ray: off

Sep 21, 2023 12:33:26 AM
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Final Conclusions

= Reducing the filling time to 0.5-1.5 seconds helped to reduce the stress on
the mold and extend the life of the mold components

- Ejector Pins placement and speed is sufficient
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