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Purpose of Moldflow Simulation

» Part thickness and Rib structure
= deflection by differential shrinkage
" cycle time
= sink marks

» Gate size, Number of gates and Locations of gates, Runner layout
= deflection by differential shrinkage and orientation effects
= short shot, flash
= weld lines, air trap, flow marks, sink marks
= cycle time

» Cooling layout
= deflection by differential cooling
" cycle time
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Checking points for Moldflow simulation

To get reliable and feasible simulation results, the below items should be checked.

v' Modeling
v’ Solver options

v' Material properties

v’ Process conditions

v' Correlation with Injection molding
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Modeling

Proper mesh types should be used to get reliable results and also Proper runner &
gate sizes should be decided to get feasible data.

Mesh type (DD or 3D)
- part geometry
- purpose of Moldflow simulation

« Gate sizes
- shear rates and flow marks
- packing time

Runner sizes
- cycle time
- Injection pressure

Number of gates

- pressure drop in the cavity, volumetric distribution
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Mesh type (DD or 3D)
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Mesh type (DD or 3D)

- wrong recognition of the thickness in DD
can make the results unreliable
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Time = 1.083[s]

Gate & Runner sizes ]

- abnormally small gates can cause polymer f‘;
cutting, flow marks and sink marks L
- abnormally big runners can cause long
cycle time and material waste
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Pressureg

Number of gates —_—
[MPa]

- abnormally high pressure drop in the cavity B

can cause sink marks and dimensional

stability problems | azss
- abnormally high pressure drop in the runner
and cavity can cause short shot problems -
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Solver Options

Proper solver options should be used to get reliable results.

Cool Solver Option
- BEM( averaged with cycle)
- FEM( transient with cycle, conduction solver or flow analysis on every iteration)

Fiber Solver Option
- Folgar-Tucker model with Ci
- RSC or ARD
- Fiber Breakage

Crystallization Option
- flow induced crystallization & morphological change
- cavity pressure, solidification, shrinkage & warpage

Shrinkage Model Option
- Uncorrected
- CRIMS (Default, RSC and ARD, Crystallization)
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Material Properties

More accurate material data provide more accurate results.
e \Viscosity : Fill results

e pvT : Packresults

e Thermal : Fill & Pack results

e Mechanical : Warp results

 Shrinkage data : Warp results (DD-CRIMS)

* Transition temperature & Ejection temperature
. Fill result ( fill time) & Pack results (time to reach ejection temperature)

 Juncture Loss : Fill result( injection pressure)
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Viscosity
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pvT

- 2-domain modified Tait pvT model

- different between crystalline and amorphous
- Crystalline shows more bigger warpage and more serious sink marks
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Shrinkage Data

- used for CRIMS in DD and Midplane, not in 3D
- CRIMS = theoretical residual stress + experimental correction with “Shrinkage data”

t oc ol
j I ’ ’
: ot ot \
15| 16
*No provision for molecular orientation :: ;:
*No crystallinity effects 2=
*No relaxation spectrum data for viscoelastic calculation 2: z
- 3D uses Generic shrinkage model =1 i

TO 29 1 30
g, = IT o (1)dT 31]32

s
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CRIMS (Corrected Residual in Mold Stress)

- CRIMS shows more correlated results with the experimental values

Parallel Shrinkage

—&— MPL Experimental Values —l— Predicted (With CRIMS) —a— Predicted (Without CRIMS)
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Process Conditions

Feasible process conditions should be used to correlate simulation results with the
actually molded part.

* Injection profile
- flow length & number of gates
- temperature at flow front, weld lines, short shot by hesitation
- Injection pressure
- flow marks & gas venting

» Packing profile
- part thickness (cooling time) & gate freeze time
- pressure In cavity
- sink marks & part dimensions
- shear stress & warpage

* Cooling time

- part & runner cooling time
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Correlation with Injection Molding

The same process conditions that were used at the simulations should be used at
molding trial to check the accuracy of Moldflow simulation.

e Melt and mold temperature

-melt temperature and mold temperature should be checked and fixed by
controlling temperatures of heaters and coolant.

e Shot volume

- shot volume should be checked and fixed by controlling the position of the screw to be the same with the
result of “injection pressure at V/P switch-over”.

e Injection profile
- injection time of the machine should be checked and fixed by controlling the ram speed to be the same
with that of the simulation.

e Packing profile

- packing time should be the same with that of the simulation, but packing pressure should be fixed by
checking the dimensions and sink marks of the part.
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Checklist of Moldflow sim

ulation

Flow Balance (1) Fill time at end of fill Ts WHATEHAEEX E2 A2 AIEAEHT @A o| =ol X[ AEE X+ &
M7t et V50| =54 w2t SE s ALRIE8le A F AIolE /IXIE
TS HAE 1250 A Sto{0ofF =
(2) Fill time by contour plot TS s 242 S3510d ZHH|E[H| oA 2] == I SEFEEASFE = UASHCL
Jtxofl 2|3t 2| B 22 2 Z=0t3 2X L HMStE A ol ZTE HlES =
Clet £ == ojels & 235hofok g o).
Pressure 3) Maximum Injection pressure _ - L - _ -
gu)ring e ‘ 5 E|CH AFS Qs Zol= AFEY|2] Z| ) AFS2d2| 80% = HX| ool gt o]
e AtEE B xof o5t o|ME JHsAMo| /&L Ch
(4) Maximum pressure drop in cavity ZHHEIE|LH 2| = RFf=4Z3St7F 50Mpa O| &H0| == A Aol E F=Holl= == &=
ol Zlell X| 0 & HEHFE = SE5F E0| 7PoHXIXI =3stod A 303, X[+==4l,
HE EH 7 e = AS )
(5) Maximum pressure at end of fill MAsSE 7|2 EQto| I =X E uletstr| @siA= =™ UctE2 o] =l Lt
during packing = Ehelsto{of ghct =i L b2l 2 7[7F =24~ 30 Mpa 0|40 11 40 Mpa O[3t O]
of of H}2HR| Bt C}
6) Maximum pressure at end of = _ _
E:czolin P FE=Al0]| ZHH|E| L2 2 & FF20|A 0 Mpao|Oo{of &, OZX| 22 & F F
< ZAloll ZElo|Lt B EtEAlo| WA EF 5= US| C),
Clamp Force 7) Clamp force at end of fill _ L - -
: L EEms EX B wzhe| R2{o] AlET|el 20 M2 0006 S HX| 2rofof B C
OEX 22 27 dAd= =50 elstojdd & EefjA|7F 2 = A& C
(8) Maximum clamp force during Hol Z2X™o|AMe| Z|tHa A =2d 0| AFE7]2] = o & A 2 90% = = X| 2toflof st C},
packing O%X| 22 2 gAz 250 2s ZeliAl, A 3013 E£= XF=EX 7 2y st
e~ O|¢L,| |_—_|_
T AAEH .
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Temperature (9) Temperature at flow front drop on MNZ AEEEo =X =AMt 2= SN ITI™HO|A]| 10°COo| A SHolX| 5 of=]
outer surfaces Lok 32X gke A Aeatelo] Mysix| D, AlEd D HAl2o| BIHE 5
U= U Cf

(10) Temperature at flow front rise

MZ eutR 2ol £x|o] REME 25
on outer surfaces | & 2|25 | =X|2] 7 =

Ch O™X| 22 B2 x|l Dstof

(11) Temperature at flow front on
thin sections

MZ2 af2 F=Xl2 &7

| | 0
Ll O X &2 24 X edatof ejsto|Adado| 2l sh ==

=& =T sddol SItetck

!

Shear (12) Maximum bulk shear rate at =X ZH™o||A| HOlEJNAMe =L MetE0| =X|2| 52 = dMeErE= AX| 2ot
gates during filling Of gtLCl OEX| &ft2 A2 DE2X AMelo| mteaxl E20l3 YMIISAMo| &
Of&l L
(13) Maximum shear stress at wall AME Z™OAM M EZEL 2AdF o2 2ot BEEo| Met=220| =X 5 & = Mers
on outer surfaces during cycle == =X 2otof et OEX| &2 A 3=4o0| e er JsMHo| =ol X1, =
== gl
| —
2l
—
A
—

Weld line (14) Contact angles of flow front cEglel s 2SS fIsHM = =Xe S=ZHE@ES2Z2H7E SIstES A A HH
= Stodof &t O=X| 22 d5 d=2teldl e|er 2/ #EA f =8 24
=M 7 2l et = A S| Ct
(15) Flow front temperature at weld =zl E = 4557 @eiAM= =X E=A| =X s=AMct2sJ 25| =
lines ofof BHLCh DX %2 AP AE=aielof 2t 2 R QF FEA ZHA =X T}
e R
Air trap (16) Air traps in the middle of part O|HEHE AMX| 7} 02 M= =S4 Of|O{E=2Ho| EFASIX| 2UdE=E A HA =S

o I
2

=
Stodof &t O X| &2 2B ool E-o 2|k Et=f

| B S 2F0| BHE 5= gl ch
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Sink mark

(17) Propotion of rib and boss

2|2 E= B Ao = ME =2 = 50%= =Xl ook gfLc. ppef 2

thickness to part thickness o] #é%ol = A= 40%E HX| 2fotof st OEX| 2 A A 30370 g
AH S} 7|-=M O| =ox!l L},

(18) Volumetric shrinkage diffenence HMZz2 = 57 2tHe| =58 HXt= 2.5% 5 EX| 2olof &t OEX| 2

on outer surface between start of fill 2 4d SN LUct EHo| 2|2 cE= HA Alctof| A 3037 2t sk JS A 0] %OP

and end of fill o il

(19) Average wlumetric shrinkage HEZL s 54 atHe =58 2742 =287l =5 52| 3 2t 310 54j

on outer surface Hol 2tolof &L Cl, O2EX| 22 A MHE X5 EM7F e JlsA0| =olE
| CF.

(20) Maximum wolumetric shrinkage
on outer surface

Cycle time

(21) Maximum time to reach
ejection temperature of runner

Zbe| 28 2t 3 0 38 2 2fofof gk O

(22) Maximum time to reach
ejection temperature of part
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[SE
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(23) Time to reach ejection
temperature at start of fill
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(24) Freeze time of gates
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Coolant Control [(25) Coolant temperature rise in
cavty

2
[t

Ql=5o| Wzt 2 ol b|5H04 3°CO| At B 7}5HH
Hes HAZL ASHAE JHs Aol &obE U ok

(26) Coolant temperature rise in
core

i
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(27) Coolant flow rate in cawty (for
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(31) Mold temperature difference
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Deflection (33) Max_lmum_defle_ctlon in X XZ= Hbsko| &|CH b4 S 2FT} & At 3 2ko| XfO|= FA| S| O} CHOF X= wbsto| A3
axis(not including linear shrinkage = — = ~
I S Esc) =2 ZAFIX] ZFsUH
X% el T2 flols Mot
(34) Maximim deflction in ¥ V& ghebe| & Oh M 2D} & e 2ol X0l 8 EAIBfL o ofBt Y& wake|
axis(not including linear shrinkage 2l A=opo 1T =) oL
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Issues of Plastic Parts

Deflection, all effects:Z Component
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Examples of IM Simulation
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