
PVT

60 70

1.

1)

PVT

2.

2.1

MoldflowIn-

sight2012 Autodesk 22

MoldflowInsight2012 T

γ̇ η

(1) Cross-WLF

η =
η0

1 + (η0γ̇/τ∗)1−n
(1)

η0 = D1 exp
[ −A1(T −D2)

A2 + (T −D2)

]

(n τ∗ A1 A2 D1 D2 )

P V T PVT

(2) Teit
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V = V0{1− C ln(1 +
P

B
)}+ V1 (2)

V0 = b1 + b2(T − b5)
B = b3 exp{−b4(T − b5)}
V1 = b6 exp{b7(T − b5) + b8P}
(C b1 b8 )

2

2.2

2)

(1)

(2)

5

(A1, D2, b3, b6, b8)

1

2

3.

3.1

1

1 0 1

y = x

3.2

3–5)

xi(i = 1, · · · , n)
yi(i = 1, · · · , n) N

1

1 2 3

A1 68.31 69.00 69.69 [−]
D2 361.4 365.0 368.7 [K]

b3 9.738E+7 1.025E+8 1.076E+8 [Pa]

b6 3.539E-7 3.725E-7 3.911E-7 [K/Pa]

b8 0.0342 0.036 0.0378 [1/K]

=

1

φk(xi) (k = 1, · · · , N)

yi ≈ β1φ1(xi) + β2φ2(xi) + · · ·+ βkφk(xi) (3)

1

βk

n �

Y =Xβ + � (4)

Y =

⎡
⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

y1

y2
...

yn

⎤
⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

β=

⎡
⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

β0

β1
...

βN

⎤
⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

�=

⎡
⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

�1

�2
...

�n

⎤
⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

X=

⎡
⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

φ1(x1) φ2(x1) · · · φN (x1)

φ1(x2) φ2(x2) · · · φN (x2)
...

...
. . .

...

φ1(xn) φ2(xn) · · · φN (xn)

⎤
⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦
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βk β̂k

Se

Se = �T � = (Y −Xβ̂)T (Y −Xβ̂) (5)

Se β̂k

∂Se

∂β̂
= −2XT (Y −Xβ̂) = 0

XTXβ̂ =XTY (6)

β̂=

⎡
⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

β̂0

β̂1
...

β̂N

⎤
⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

XTY =

⎡
⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

n�
i=1

φ1(xi)yi
n�

i=1

φ2(xi)yi

...
n�

i=1

φN (xi)yi

⎤
⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

XTX=⎡
⎢⎢⎢⎢⎢⎣

n�
i=1

φ1(xi)
2

n�
i=1

φ1(xi)φ2(xi) · · ·
n�

i=1
φ1(xi)φN (xi)

n�
i=1

φ2(xi)φ1(xi)
n�

i=1

φ2(xi)
2 · · ·

n�
i=1

φ2(xi)φN (xi)

.

.

.
.
.
.

. . .
.
.
.

n�
i=1

φN (xi)φ1(xi)
n�

i=1

φN (xi)φ2(xi) · · ·
n�

i=1

φN (xi)
2

⎤
⎥⎥⎥⎥⎥⎦

n�
i=1

φa(xi)φb(xi) = 0 a �= b (7)

φk(xi)

(3) xi

XTX

XTX (6)

⎡
⎢⎢⎣

n�
i=1

φ1(xi)
2 · · · 0

.

.

.
. . .

.

.

.

0 · · ·
n�

i=1
φN (xi)

2

⎤
⎥⎥⎦

⎡
⎢⎣

β̂0

β̂1

.

.

.

β̂N

⎤
⎥⎦ =

⎡
⎢⎢⎢⎢⎢⎣

n�
i=1

φ1(xi)yi

n�
i=1

φ2(xi)yi

.

.

.
n�

i=1

φN (xi)yi

⎤
⎥⎥⎥⎥⎥⎦
(8)

βk β̂k

β̂k =

n�
i=1

φk(xi)yi

n�
i=1

φk(xi)2
(9)

3.3

y = x

1

2 3 · · · k

φk(xi)⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

φ1(xi) = xi

φ2(xi) = x2i + c21xi

φ3(xi) = x3i + c31x
2
i + c32xi

...

φk(xi) = xk
i + ck1x

k−1
i + · · ·+ ck(k−1)xi

(10)

(3) k

c

(7)

c (10)

c21
n�

i=1

xi(x
2
i + c21xi) = 0 (11)

c21 = −

n�
i=1

x3i

n�
i=1

xi
2

(12)

c31, c32

⎧⎪⎪⎨
⎪⎪⎩

n�
i=1

xi(x
3
i + c31x

2
i + c32xi) = 0

n�
i=1

(x2i + c21xi)(x
3
i + c31x

2
i + c32xi) = 0

(13)

⎧
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

n�
i=1

x4i + c31
n�

i=1

x3i + c32
n�

i=1

x2i = 0

c31

⎛
⎝ n�

i=1

x4i −
(

n�
i=1

x3
i )

2

n�
i=1

x2
i

⎞
⎠

+
n�

i=1

x5i −
n�

i=1
x3
i

n�
i=1

x4
i

n�
i=1

x2
i

= 0

(14)

(14)

c (9)

(10) βk β̂k⎧⎪⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎪⎩

β̂1 =
�n

i=1 xiyi�n
i=1 x2

i

β̂2 =
�n

i=1 (x
2
i+c21xi)yi�n

i=1 (x
2
i+c21xi)2

β̂3 =
�n

i=1 (x
3
i+c31x

2
i+c32xi)yi�n

i=1 (x
3
i+c31x2

i+c32xi)2

...

(15)
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3

c

4.

4.1

.

2)

CAD

2

4.2

2

Autodesk

MoldflowInsight2012

HP (Windows7 64bit)

T PBT

50, 60, 70◦C

240◦C

80mm/sec

60MPa - 10sec

20sec

3D 2mm

3

[◦C] 50 60 70

xi [mm] x1 x2 x3

(332.19) (365.25) (395.00)

yi [mm]
y1 y2 y3

50 60 70◦C 3

2)

3

β1 β2

4.3

3

2

2

2

2

1 2 3

2

1 2

y = x

β1 1 β2 0

5.

5.1

β1 β2

L18

18

( )

=

≈ φβ

( )φβ

( )φβ

2
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β1 β2

β1 β2 4

β1

5 β2

6 F ∗∗
1%

β1 β2

3

4 (L18)

5 β1

Factor
Sum of Degree of

Variance F Ratio
square freedom

B: b6 6.004E-03 2 3.002E-03 2.79

C: b3 1.595E-04 0 - -

D: b8 1.289E-03 0 - -

F: D2 2.526E-02 2 1.263E-02 11.75 ∗∗
G: A1 1.148E-01 2 5.740E-01 53.45 ∗∗
error 1.181E-02 11 1.074E-03

total 1.579E-01 17

6 β2

Factor
Sum of Degree of

Variance F Ratio
square freedom

B: b6 6.632E-06 2 3.316E-06 4.33

C: b3 3.406E-06 2 1.523E-06 1.99

D: b8 1.320E-06 0 - -

F: D2 5.129E-06 2 2.565E-06 3.35

G: A1 7.234E-07 0 - -

error 8.426E-06 11 7.660E-07

total 2.323E-05 17

3
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5.2

(A1, D2) β1

β2

Microsoft Excel

(A1, D2)

β1 β2 3

Excel

β1

1 β2 0

1

5.3

β1 β2

7

4

β1 β2

1 0

7

50 [◦C] 332.19[mm] 364.97[mm] 332.60[mm]

60 [◦C] 330.83[mm] 374.13[mm] 365.25[mm]

70 [◦C] 352.14[mm] 393.67[mm] 395.00[mm]

β1 0.9259 1.0337

β2 -0.00167 -0.00159

4

60 70◦C

5.4

5.4.1

5.4.2

LEGEX9106 23

CAD

8

CAD 5

8

Autodesk

MoldflowInsight2012

HP (Windows7 64bit)

T PBT

60◦C

240◦C

80mm/sec

40MPa - 10sec

15sec

3D 1mm

5 CAD
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5.4.3

COMET5

Steinbichler 24

6 9 9

7

7

9

a: 156.780[mm] 156.720[mm] 156.705[mm]

b: 34.270[mm] 34.320[mm] 34.310[mm]

c: 160.480[mm] 160.430[mm] 160.417[mm]

d: 29.230[mm] 29.200[mm] 29.176[mm]

6

7

5.4.4

CAD

8

±30μm

5.5

6)

8
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