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Plastic Product Design using CAO
(Computer Aided Optimization) Technique

Sumitomo Chemical Co., Ltd.
Petrochemicals Research Laboratory
Yoshiaki Tocawa
Tomoo HiroTA

Shinichi Nacaoka

Plastic CAE (Computer Aided Engineering) is used as indispensable technology in the plastic prod-
uct design today. However, by integrating CAE technology and the CAO (Computer Aided Optimization)
technology in which utilization has started, the automatic optimal design of a plastic product is attained
and much more shortening the period of a product design, reducing development cost, and improving
the quality and the performance of a product can be expected. Moreover, it becomes the powerful sup-
port technology of material development. In this paper, the outline of the integrated technology of the
plastics CAE and CAO that we have developed, some application examples, and the integrated design

optimization system for the plastic products of our company are described.
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BEE Comparison of CAE Approach and CAO
Approach in a Product Design
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115 Classification of Optimization

Objective Number Uni-Objective Multi-Objective
Function Type Functional Numerical
Constraint | Existence Constraint Unconstraint
Condition Type Functional Numerical
Design Type Continuous| Discrete Mixed
Variable
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Complexity of Objective Function and Constraint Condition

Uni-Modal Function Multi-Modal Function
Linear Function Non-Linear Function
eSequential Linear Program- | ®Sequential Linear Programming
ming ¢Sequential Quadratic Program-
e Successive Approximation ming
Method e Method of Feasible Directions
Continuous Real e Method of Feasible Direc- ¢ Modified Method of Feasible Di-
Parameter tions rections
*Modified Method of Feasi- e Exterior Penalty e Simulated Annealing
ble Directions eHooke-Jeeves Direct Search ¢ Genetic Algorithm
Continuity Method ® (Successive Approxima-
of ¢ Generalized Reduced Gradient tion Method)
Parameter e Hooke-Jeeves Direct Search Method o (Mixed Integer Optimiza-
Space e Successive Approximation Method tion)
Integer | ®Mixed Integer Optimization
eSimulated Annealing
Discrete ® (Genetic Algorithm)
Parameter eSimulated Annealing
® Genetic Algorithm
Symbol . L
® (Successive Approximation Method)
¢ (Mixed Integer Optimization)

Blue Character : Numerical Optimization Technique

Red Character : Exploratory Technique
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1: Early Stage of Optimization
Permission of Change for the Worse
to Escape Local Minimum

0: Initial Value (High Temperature T)

Estimate
Function

" (X)A

2: Final Stage of Optimization
Decreasing Temperature T
not to Escape
Local Minimum

3: Optimized Result
No Movement near Global
Minimum by Falling Low
Temperature enough

» X

Design Variable

Schematic Diagram of Simulated Annealing
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Analyses of
Sample Points
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Creation of
Response Surface Model
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Optimization using
Response Surface Model

v

Analysis of Optimization
Point on R.S.M.

Large Difference
of Analysis and
R.S.M.

Small

BEEEE  Flowchart of Response Surface Model
(R.S.M.: Response Surface Model)
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HIC = Max [ (t2 ~t){—L | i a(t)dt }25] ©)
tz—t1 "

(where 2 - t1 < 36m sec)

HIC(d) = HIC x 0.75446 + 166.4 )

Free Flight (24km/h)

Acceleration Sensor
Acceleration (a)

\ Free Motion Headform (FMH)

Pillar Garnish

BGEEEN Method of Impact Test (FMVSS201U)
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‘ (D: Reading Standard Model ‘
v
‘ (2): Creating 1 Pitch of Vertical Rib at Standard Position ‘

‘ (3): Creating 1 Pitch of Vertical Rib at Next Position

‘ (6): Defining Connect Condition and Contact Condition ‘
v

‘ (@: Setting Location of Interior Part ‘
v

‘ (®): Writing Input File of Analysis Solver ‘

End

BEEEEN  Flowchart of Creating Analysis Model
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0000000000000 9220

15:1s1 58 Material Properties

Materials A B C
Young's Modulus [MPa] 863 2420 863
Specific Gravity [-] 0.90 1.08 0.90
Poison Ratio [-] 0.40 0.40 0.40
Static Yield Stress [MPa] 19.6 23.9 19.6
Failure Plastic Strain [%] 40.0 8.0 8.0
Cowper-Symonds Parameter
C [1/s] 2.80 170 2.80
P [-] 9.87 4.56 9.87
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IEEELN Simulation Model of FMH and Interior
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BEEEEE  Results of Optimization
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cd: bottom
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x,v)=0,0) Y
—I & X

sx: X coordinates

Tapered >
aperd > sw: width, st: thickness

"«
Sprue
¥ T—sd: diameter

IEEEEN  simulation Model of Plastic Part
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X : Gate Position

X H
20 P 20 L5 Weld
J:\ﬂ D Control
Saeaet enad Area
, (10, 20)
LC. Weld Line 0.C.

(I.C.: Initial Condition, O.C.: Optimized Condition)

IEEEIEE  Comparison of the Result Before and After
Optimization

118 Comparison of the Result Before and After
Optimization

I.C. 0.C.
SX [mm] 400 471
SW [mm] 5.0 7.5
st [mm] 1.0 1.7
sd [mm] 8.0 11.0
cd [mm] 8.0 8.1
clamp [ton] 1532 857
weld [-] 10008 4
obj. [-] 11540 861

clamp : Value of Clamping Force
weld : Value of Weld Evaluation
obj. :Value of Objective Function
I.C. :Initial Condition

0.C. :Optimized Condition
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Mold Dimension

Hee | .....). HEs
Hi2) N (Hi3)
(Huy)
Total Warpage :D=Hr+HL
Gate Side : Hr = Hr1 + max (Hrz, Hrs)

Opposite Side of Gate: HrL = HL1 + max (H12, Hi3)

BEEEEN  Definition of Total Warpage
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Deflection
[mn]
1.3

: |1.u7
0.808
0.547
» 0.285
0.0244
-1.237
¥ -0.498
LC. 0.C. o

102

Deflection Magnification Factor : 10

(I.C. : Initial Condition, O.C.: Optimized Condition)

IEEFI  Comparison of the Result Before and After
Optimization

1) Comparison of the Result Before and After

Optimization

1.C. 0.C.
Mt [°C] 220 210
Wr1 [°C] 40 21
Wr2 [°C] 40 49
Pr [sec] 6.0 7.8
D [mm] 2.9 1.8
T [sec] 48.1 40.7
obj. [ 4.0 2.7

obj. : Value of Objective Function
1.C. :Initial Condition
0.C. : Optimized Condition
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White Part:
Loaded Region

100N

a) Impact Analysis b) Structure Analysis

Gate Part

¢) Injection Molding
Analysis

G  simulation Models
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150 Comparison of the Result Before and After

Optimization

I.C. 0.C.
R1 [mm)] 10.0 14.2
R2 [mm)] 50.0 29.7
H [-] 956 737
D [mm] 1.59 1.25
C [ton] 28.4 28.2
obj. [-] 2.06 1.72

obj. : Value of Objective Function
1.C. : Initial Condition
0.C.: Optimized Condition
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