41
I
33
' (parting line)
(cores) (gating system) (thermal
system) (ejection system)
411 7 (parting line)
2 (fixed die)

(movable die)

41

' douiindeud
d'lui;mjﬁ'u?; _\ /

FUM 4.1 sUuamauuantisuen uas gounegiuuwiRunniafaunuaagiug
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412 (core)

(undercut)
3 4.2

g1it 4.2 gUuamsdneuzaedlduuuninauiuiuusaet

L

413 (gating system)
(gate runner)

NADCA (North
American Die Casting Association) 7

L (cavity)
2. (filling time)

3

4, (gate depth)

B. (plunger)
6.
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(cavity)
1 (
)
2
3
43

4.3 (Gating Die Casting Die,1996:10)

44
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(gate length) (scrap)
4.5
4.4 30
30 15

Line Perpendicul ar
’/—to Edge of Cavity
.—

Direction of
tetal Flow

CAVITY I— Gate Land

/ 1

Gate Runner

7U7 4.5 suaasyumsivarenilansmandniisuiuidusniainiuuwmiadn

(Gating Die Casting Die,1996:12)

4.6

4.6 2
(Gating Die Casting Die,1996:17)



6l

6 47
AT .
1=
muﬁs.a
d’)uﬂs.e_
4.7
4.7
(network diagram)
(gate runner)
(runner) (hiscuit) (flow path)

48



56 3.4
(Flow Path No. 5. 6) (Flow Path No. 3, 4 12
nadi 3 nmadh 2 (Flow Path No.1, 2)

(Gate 3) (Gate 2)

natn 1

. (Gate 1)
st 3

(Gate Runner 3) g 1

nagi 2 (Gate Runner 1)
(Gate Runner 2) r
a1 f l

—

r - -
(Runner) . l.( {igNA (Biscuit)

2171 4.8 PULAAINUNIWIATATIETDITUINUFIDEN

3o O
30
13 2
1 2 1
(CG)
{IULALO 30
) CG.
1 3
H 6
3 4
CG.
15
CG.

49

52
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r—l

e

|

v M

O

%\\
Do b, i
|
M
! 7HRRY
AN AT
2 9

4.9

"4.10
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*
1
10
411
Reference Step 1
ColumnNo.| 1 2 3 4 5 6 7 I 8 9 [ 10 1 12 13
Flow | No. Ot Volume Through Gate Flow Gate Gate Runner |Branch Main
Item Path | Segments | Cavity Overflow Total |Angle Length Type |Runner e Runner
No. | for Die |(cu.mm.)|(cu.mm)|(cu.mm.)|(Deg) R (mm) o ForT| ID. . 1.D.
1 22196.1 | 22196 | 24415.7 | 30 1 20.00 1 T 1
2 221959 | 22196 | 244155 | 30 1 17.35 1 T 1
3 40958.1 | 40858 | 450538 [ 15 2 30.00 2 F 1
4 440804 | 44980 | 494784 | 15 2 2268 2 F 1
5 307138 | 3071.4 | 337852 | 30 3 3000 | 3 T 1
6 514790 | 51479 | 566269 | 30 3 32N 3 T 1
r A= —=—:-==—= AT R A N
: T [ CICEg e
; w4 FATA T4 EARA
10 AW & yuRyamgag| /| /| /| /]| /
Total for Segment 212523.3 | 21252.3 | 233775.6 1
Total for Die 1 212523.3 | 21252.3 | 233775.6

411

(filling time)

Biscuit 1.D.
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rTi-Tf+8z2*
t kV e, (4.0)
t = ()
k = Empirically Derived Constant ([ )
1= ( )
- ( )
Td = ( )
- (%)
Z = Units Conversion Factor ( 40)
T = ()
k1 1TfITd  Z NN
(metal injection temperature; )
(minimum flow temperature; ')
(liquidus)
(solidus)
- (percent
Solid Allowable; ) (10-15%) (50%
) Shrinkage Porosity
- Units Conversion Factor; Z
(die temperature; 9
- Empirically Derived Constant; k
(thickness; T)
41 ,

4.12



412

<—|
no oo M

T, = 650
Td= 140
T = 5.857
= 10%
T, = 570
=38

56

]
%8 . 36256
412
T Yz (42)
()
(. )
(. )
[ ]
[  2540]

[%
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K=003%6 |
4.1
_0,0346 (650 - 570 +10 . 3,8)(5.8577 )
E (570 - 140)
= 0.056
14 4.14

(gate velocity)

2
387
387 15 16
4.14
(gate depth)
(parting surface) 413
\ r —— '
i 1IN
Jom| Unlehs.
° /
j ) v«ems
f Y o
L
Deptnot ____ | - l LO-emownodme

4.13 (Gating Die Casting Die,1996:2)
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4.3
Ms xGtxGlJ)' =] (43)
9 = ( [ 1)
G, = () 2
Gv = (.l )
J o= (C - L0
( 2 )
43
M, =276 | 1.
Gv =387
J =55 ( - [ )/t m
G 525
"= (2.76X38.7)11
= 0.367
17 4.14
80%

18 4.14



Step 2 Step 3 Step 4
14 15 16 17 18
Ideal Gate Velocity Gate Depth
Filling Time| Typ. |Seleclted| Min. | Max.
(sec) (mis) (mss) | (mm) | (mm)
449
449
455
428
3.10
3560

-

4

&
/

0.056 38.7 387 |0577

44

59



Qj:

V, =

t -

19

P =
Q:
PO =
7 = 3.1416

4.14 70
4.5

Pvm

60

5 14
4.15

(EneTpLT Ah)

(power  required)
45

20

417456 .

1 4174.56

~ ( A
3.1410X
V12
- 1.08 J (4252 | )
22 4.15
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(apparent gate area)

4.6

(4.6)

Gd = Y
<: = (
G = (/] )
G
22 4.15
Step 5 Step 7
19 20 21 22
Flow Shot Plunger Gate Area
rate Diameter | Velocity | Apparent
(cmfsec)| (mm) misy | mm)
435.99 11.27
435.99 11.27
804.53 20.79
883.54 22.83
603.31 15.59
1011.19 26.13
<< <<
4174.56 107.87
4174.56 70 1.08 107.87

4.15




(G
pm =
mde

Pm - ([ . ;psi)
My = (=L . )
g = (384 [ 2
V= (/L3 ")
Cd = ( 0.6-0.8)

0.6

0.8

( 065 075
)
Pm

My = 0.096 A
g =384 [ 2
Gv = 1524 |/
cd = 0.65

p = 0096 (1504- 2
2x386  0.65)
=684 [

hdalcpesre

47

4.8

62



rPhd - ?mr ha 2
yCol
P = (
Pm= ( 1.
PO = :
CQ= Shot Clylinder (.
P0=70 C0 =125
3.3 ) Pm = 684
N=684
=2145
PU2 (The p\f diagram)
, P2 4.16
Plunger Velocity (P,,,), infsec
Pa -
y / g
d/ 1500 2

4.16

P\2

{

Pressure (P,) to Fill Cavity, psi



shot)

64

(maximum  dry
2r | 61 )

(maximum accumulator operation pressure)
90 /) (1B /)

3.3
1
(4 PV SA)
4 PV2
4.17
42 52 Plunger Velocity (Pv1). in./sec
0 50 100 127 150 200
LN
4D 2145
500 L
Il /
7 3
It wo I
| / o
g ©
’ oz
v o
a
1920 (f 2000 2
o
n w
ko]
Il 8
2500 ]
(f g
3000

417

Preesure (P,) to Fill Cavily, psi



N

NS

(%)
~——

=

NS

(=2)
~——

65

3.6 10
(shot sleeve)
(slow shot velocity)
(pre-cooling) ,
(4.9)
00%-F / 0s
VY =¢ssa 100% ,(Po) (49)
Vs ( [ ) r
f O
PO ( / 000)
€SS (curve fitted) 0579 /
F (4.10)
f ol shot vonne Jog (£.10)
3.1415(P0/2)2Z,
L

( ) 180 33



4.10
(total shot volume)
7
dimensions)
25
25-27
, 28-63
64-67
(actual gate)
4.5
411

66

(calculating gate and runner

(actual gate area)
24

28-59

(4.1)
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0 - 45( )
2 3
, A
419
- 41
0
418
0 an 412
N ¢.12)
4.18
A
4.78 (Gating Die Casting Die, 1996:52)

23
4.19



Step 7
22 23 24 25 26 27
Gale Area Selected Comb Gate Approach
Apparent Actual Gate Depth Length of Opening| Angle
: Number of Openings
(mm) (mmz) (mm) (mm) Deg.
11.27 13.01 1.3009
26.02 45
11.27 13.01 15
20.79 24.01 1.6789
50.37
22.83 26.36 15
15.69 18.00 1.6057
4817 45
26.13 30.17 15

107.87

107.87

(selected gate depth)

(GJ

68

(4.13)



4.19 1.3009, 1.6789  1.6057

\

4.20

P €&——————— Planned Gate Lmqth————ﬂ

I~ Half Sonces Hal#
Space Space 4
A .y,

NI A 2

4.20

15

Gate Openings

(Gating Die Casting Die, 1996:54)

413

(approach angle)

26.2.3
30-45

21

45
4.19

45

2

69



26.2.3

Actual Gate Area

tan#

Area of SEC.D=

R

= 4506
40

4.15

o
[EEEN
11

19.05

2

45.07 - 26.02
2

70

(4.14)

(4.15)



[

56 4.21
3
! 5 9
5 9 4,16
Area of SEC.] = Area of £ A <416)
!
V- g Viag - 45.06119.05
2
= 3206 2
48 4.21
3
8 79
8 79
4.17
Aren of slﬁcl.g _ Area_of SEC.[}Area of SECS “.17)
8
8 1= 320671905
= 2555 2
52 4.21



Area of SECS54Area of SEC./

6
6
4.18
Area of SEC.6 =
6
6
44
3
1
)
2)
3)
28 59
L
1.10
10
2,3 4 )

1.15

4507 + 32-06
36.56 2

12

(418)

421

1.05



73

2.
1 5
1 5
3.
1
5
1 2,3 4
1 28
1 2253 2
3 1 5
3 5
4.19
Area ol SEC.Q : Area of SECA‘|_'Area of SEC.5 (419)
3
1
3 1= 22~"24507
= 33.80 .2
34 1421



4.20

421

Area of SECA

1 V]

Areaof

2.4

4
4 V) 1=z S
= 3943
3/
1
SEC2
2
2 1= 2253
= 28.16
3l
(section depth; D)
2

33.80 + 45.07

4

3 5
(4.20)

421

13

°J-0 SEC3 @211

421



(2~

15

{ x £))

421
~05
0 - (area of S€Ction) (421)
r 1
1
8
| 1
2253 R
I
=BT i (%
8 . 1 9
30, 33, 36, 39, 43, 51,55 K9 4.21 421
3
(witrs sty )
2.4 4.22
Y — Areal (422)
1 1
053
- 475

4.75



16

1 9
29, 32, 35, 38, 42, 46,50, 54 58 4.21 421
3
(distance from cavity; C)
Gate land
C Gate land
2.4 5 9
4.23
D _ G,
= Nt ytanad) Tt tanaa (4.23)
C, 24 Aa (approach angle)
G, (gate depth)  C 5 9
45, 49,53 57 4.21 421
0K R,
2.4
4.24
d = (1.273XArea 0f SEC.5)05 (424)
1 2.5



d

(1.273x45.07)°5
51

(1.273x83.44)°5
031

1

20 .

Gate Runner Dimensions

28 29 30 31 32 33 34 35 36 37 38
Section 1 Section 2 Section 3 Section 4

Area D Area w D Area D Area
C 2 ) ) Q] (mm) (mm) (mm2) (mm) (mm) (mm2) (mm)
22.53 4.75 4.75 28.16 5.31 531 33.80 5.81 5.81 39.43 6.28
43.62 6.60 660 45.31 8.50 5.33 46.99 11.60 4.05 4868 17 54
41.72 6.46 6.46 52.15 7.22 7.22 62.58 7.91 791 73.01 9.13
0 < 7 7 " 2 X £ <1

i ? ?

< I
/ <
: <1

Design Strategy n Decreasing Area

[ Constant Area

39

(mm)

6.28

2.78

8.00

AM in. ShotWeight

40

Area

(mm2)

45.06

49.52

83.44

41 42 43
Section 5

C
(mm) (mm) (mm)
10.07 6.71 6.71

23.16 214

14.43 10.43 8.00
c £ c



44

Area

38 56

50.37

71.39

78

Gale Runner Dimensions

45 46 47 48 49 50 51 52 53 54 55 56 57 58 59
Section 6 Section 7 Section 8 Section 9
C D Area C w D Area [} Area C D
) ) (mm) (mm2) (mm) (mm) (mm) (mm2) (mm) (mm) (mm) (mm2) (mm) (mm) (mm)
9.31 6.21 6.21 32.06 5.05 19 05
12.92 59.35 11.56 . 7 47.31 10.32 . 6.88 35 26
< c C C c
? ( <
( < < <

n A
Design Sfrategy Q Decreasing Area | ConstantArea Min, Shot Weight

4.21

. | (Area of SECA + Actual
Area of SET3 = -

6 9

43.62
421

Gate Area)

(4.25)

Area of SEC3 - (4362 tjgjn

= 46.99 2

34 421



2 1 3
4.26
Area of SEC2 = _(Area of SECA + Area o_f SE__(E_?)_ (426)
2
2
(1362 + 46.99)
Area of SEC.2 =
= 4531
3 4.21
4 3
4.21
Area o;\ SE/C\3A1 _ (Area of SEC.3 T Actual Gate Area) (427)
4

2

(1699 + 5037)

Area of SECA =
= 48.68
37 421
) 4
4.28
Alrea ot gEAclg _ (Area_of SECA + Actual Gate Area)

(4.28)

79



(4868 + 5037)

Area of SEC.5

= 49.52
40
1
4.29
£>: Area of SEC_.
1
r=1
0O-[«P ]"
D- 0.6
30 421
3
4.30
. (2), +c 1)
3
pg= (6.6+15)

=4.05

80

421

(4.29)

(430)
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36 421

2 1
431
+
12:(9'2 3) (4.31)
2
(6.60 + 4.05)
Z, 1 3
=533
33 4.21
4
4,32
e (4.32)
4
(5.33 + 150)
b= 2
=278
39 4.21
5 4
4.33

A (D4+G,) (433)



4.22

82

5
2
0 (278 +150)
5= 2
=214 .
36 421
4.34
A (4.34)
1234 5
29,32, 3,38 42
4.2(1
48 64,65 66
(trapezoidal)
64 ( )
1 4.22
65
|
28 107.87 4.22
(outlet end)
(inlet end) 11 1

65 1.05
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66
37, 4.22
67 ol 3
1266.04 3 4.22
60 61 62 63 64 65 66 67
Fangate Runner| Tangential Gate Runner Length | Gate Runner Runners
Length Section 1-4 Section5-9 Volume Area Length | Volume
1.D.
(mm) (mm) (mm) (mms) (mmz) (mm) (mms)
51 17.35 1870.77
51 24231
51 32.11 4963.31 1 3151.55 375 7266.04
£ / / /
9257.18
9257.18

4.22

423

41




It R g e 23i¢ .
Lo 4 p—r — — | —

4.23

4.23



CAD 4.1
4.1
« « (.2 1 (3
108,681 327,265.5
76,920.6 212,521.5
21,3374 93,492
15,408 21,252

(fast shot critical point)

pal

435

\
1273 Shot Volume

85

Critical PoINt= Z|- B, (4.35)

1273(327.2655) _y,
304 16fM )2

=88.25

Critical PoINt=

(slow shot speed)

49 4.10



86

3
3212655 . . 4.1)
(F) 4.10
- * 0
P 3 1415700 2)280 00

= 17.12%

4.10

_ 100%-17.72%

Vss = 0579, 10 (0.07)%
=0.13
4.14
SDCE
(Society of Die Casting Engineer) 7
L ( )
(thermal section)

2. (basic heat content)
3, (heat gain and heat loss)
4,
B. (water spray)
6.

1. (waterline)
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Al4 385744 . . 1,422.34
784117
Al4
= X
1422.34
_ 1423, catl
3857.44
= 2,780.67
Al-A4
B1-B4
42
4.2
Therma Die Componen Total Volume Total Surf
Fixed Die Movable Die Insert Core Biscuit Plunger otal Volume: total ourlace
Segment (V) (cucm)  (A) (sq.cm)
\ol. Area Vol. Area \ol. Area \ol. Area Vo, Area
Biscuit 2256134  3545.35 - . 2991740 470130 24490.16 3984845  76969.00  12,095.00
Runner  3,457.98 237422 1173695  6,565.68 - - 1,328.06  303.10 - - 16,523.00  9,243.00
Al . . 3,327.90 1,835.20 - - - - - - 332790 183520
A2 . . 3,449.10 1,852.20 . - - - - - 344910 185220
A3 . . 6,612.60 2,892.30 - . . - . - 6.61260  2,892.30
M . . 1149580  3,702.30 - . - - - - 11,495.80  3,702.30
A5 . . 422000 1,850.00 - . - - - . 422000 1,850.00
A6 - - 7.855.60 2,716.50 - . . - . . 785560 2,716.50
A7 - - 4384.30 1,951.70 - . . - - . 438430 195170

A8 - - 784560  2,716.50 - - - - - - 784560 2.7 650
A9 - - 1029058 457821 594432  2,644.59 - - - - 16.23490  7,222.80



Thermal
Segment

Al0
AU
AL2
Al3
Al4
Al
Al6
Bl
B2
B3
B4
B5
B6
B7
B8
B9
B10
BU
B12
B13
B14
OF1
OF2
OF3
OF4
OF5
OF6
Total

42 ()
Fixed Die

\ol. Area

332790 1,835.20
344910  1,852.20
6,61260  2,892.30
11,495.80  3,702.30
4.210.00 1,850.00
784560  2,716.50
438430 195170
784560 271650
738546  3,684.98
649101  3,261.05
252560  1.446.09
4596.14  2429.78
3,360.15 1,983.94
488681 240661
455.24 471.78
455,24 471.78
463.48 224.46
881,51 351.92
1,67005  1,209.11
221050 228221
11057141 45,659.98

Movable Die
\ol. Area
10,734.25  4,506.38
367390 188857
443398  2,411.29
2,141.17 1,635.48
4,760.53 2,435.06
4,331.60 2,368.05
5,367.22 2,850.23
1,635.76 1,571.32
1,635.76 157132
2,472.02 1,197.14
4,736.89 1,891.08
2,047.05 1,482.06
2,588.03 2,671.98

122,382.59  59,158.55

Die Component

Insert Core Biscuit

\ol. Area \ol.
550655 231172
229050 1,177.43
250582 1,366.11

1,662.63  989.82

278067  1,422.34

990.60 54155

1,30548  693.27

3905.84  1948.82
2,178.59  1,395.95
1,594.40 91291

2,508.66  1,2326.22
1,94545 114866
2,855.79  1,406.39

89

Total Volume Total Surface

Plunger
Area \ol. Area

(V) (cu.cm)

16,240.80
5,964.40
6,939.80
4,409.80
7541.20
5322.20
6,672.70
3,327.90
3,449.10
6,612.60

11,495.80
4,210.00
7,845.60
4,384.30
7,845.60

11,291.30
9,269.60
4,120.00
7,104.80
5,305.60
7,142.60
2,091.00
2,091.00
2,935.50
5,618.40
3,717.10
4,799.00

3857530 1928578 3124546 500440 2449016 384845 327,265.50

4.36

(4.36)

(A) (sg.cm)

6,818.10
3,066.00
3,783.40
2,625.30
3,857.40
2,909.60
354350
1,835.20
1,852.20
2,892.30
3,702.30
1,850.00
2,116.50
1,951.70
2,716.50
5,633.80
4,657.00
2,359.00
3,756.00
3,132.60
3,813.00
2,049.10
2,049.10
1,421.60
2,243.00
2,691.20
4,954.20
132,957.10



4.3

Qj =
VAR

Tj

Te = ( C)

Cp- (J/Imm3°C)
x - Latent Heat of Fusion of the Alloy Being Cast (J/mm3)
R = (1 )

4.36

7 =650°c 1 Te=340°C 1
x =109 Jmm3 1 1?7 =1/40 |/
4.36

Qj = 0.0499F,

437

Segment  Basic Heat Segment Basic Heat

Thermal Thermal
Volume(V)  Content(Q") Volume(V) Content(Q")

Segment Segment

(cu.cm) (Watt) (cu.cm) (Watt)

Biscuit 76,969.00 3,840.75 Bl 3,327.90 166.06
Runner 16,523.00 824.50 B2 3,449.10 172.11
Al 3,327.90 166.06 B3 6,612.60 329.97
A2 3,449.10 17211 B4 11,495.80 573.64
A3 6,612.60 329.97 B5 4,210.00 210.08
A4 11,495.80 573.64 B6 7,845.60 391.50
A5 4,220.00 210.58 B7 4,384.30 218.78
A6 7,855.60 391.99 B8 7,845.60 391.50

90

(Watts)

cp=0.0029 Jimm3°C

(437)



43( )

Thermal

Segment

A7

A8

A9
Al10
All
Al12
Al13
Al4
Al5

Al6

Segment
Volume(V)
(cu.cm)

4.384.30
7,845.60
16,234.90
16,240.80
5,964.40
6,939.80
4,409.80
7,541.20
5,322.20

6,672.70

Basic Heat
Content(Q")
(Watt)
218.78
391.50
810.12
810.42
297.62
346.30
220.05
376.31
265.58

332.97

Thermal

Segment

B9
B10
B11
B12
B13
B14
OF1
OF2
OF3
OF4
OF5

OF6

Segment

Basic Heat

Volume(V) Content(Q")

(cu.cm)

11,291.30
9,269.60
4,120.00
7,104.80
5,305.60
7,742.60
2,091.00
2,091.00
2,935.50
5,618.40
3,717.10

4,799.00

4.25

(Watt)
563.44
462.55
205.59
354.53
264.75
386.36
104.34
104.34
146.48
280.36
185.48

239.47

91



92

®

0
%

() \
i

—(9

(210)
oW
e

4.25

438
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<j !] ]

Xj - ]

NJ ~

R = (1)

A J (mm3

T - ( ()

T = (%)

Ts = (0

cp ° (JImm3°C)
/I = Latent Heat of Fusion of the Alloy Being Cast (J/mm3)

R =1/40 |/ 1 ri=e50°c , T1=538 ¢ 1
cp=0.0029 Jmm3°C 1 A =1.096 JJmm3
4.38

aj 0.0nVj (

, 439

7) =503 °¢

(4.39)

93



4.4

‘ 4 Basic Heat Heat Lost(q) Heat Released from Metal Flowing to these Thermal Section (Watt) Resulting Heat
L Content(Q') | Dunng Cavity ) Cuntent, Qj of
Segment R [At|A2] A3 | A4 | AS| A6 | A7 | AB [ AQ [A10} A11| Ai2|A13] A14| A15( A16|B1(B2| B3 | B4 |BS| 86 | B7 | B8 | B9 [B10]B11| R12| 813 | B14 | OFt | OF2| OF3| OF4 | OF5 | OF 6
(Watt) Filkng (Watt) ! Sections (Watt)
Biscut 3840.75 56.7 7.1 7.4 15.1 296 9.6 20.2 10.0 20.2 37.1 41.8 128 159 9.4 155 122 143 7.1 7.4 151 296 9.6 20.2 10.0 20.2 258 238 88 162 11.4 159 43 43 63 116 7.4 103 4440.9
Runner 824.5 56.65 7.1 7.4 151 296 9.6 202 100 20.2 37.1 41.8 128 159 94 155 122 143 7.1 7.4 151 29.6 9.6 20.2 10.0 20.2 258 238 88 162 114 159 43 43 63 116 7.4 10.3 1311.4
At 166.06 28.52 22 139.7
A2 172.11 29.56 22 144.7
A3 329.97 45.34 71 74 22 22 31 306.6
Al 573.64 59.12 71 7.4 151 22 22 34 551.6
AS 210.58 28.94 181.6
A6 391.99 40.40 9.6 361.2
AT 218.78 30.06 188.7
A8 391.50 40.35 10.0 361.2
AS 810.12 111.33 128 9.4 155 71 58 3.7 753.2
A10 810.42 83.52 371 128 159 9.4 155 122 143 58 3.7 5.1 858.7
AN 297.62 51.12 15.5 37 265.7
A12 346.30 47.59 5.1 303.9
A13 220.05 37.80 5.8 188.0
A4 376.31 77.57 37 302.5
A15 265.58 36.50 71 236.2
A16 332.97 57.19 275.8
B1 166.06 28.52 2.2 139.7
B2 172.114 29.56 2.2 144.7
B3 329.97 45.34 74 7.4 22 22 34 306.6
B4 573.64 59.12 7.1 7.4 151 22 22 34 551.6
85 210.08 28.87 181.2
B6 391.50 40.35 9.6 360.8
B7 218.78 30.06 188.7
B8 391.50 40.35 10.0 361.2
B9 563.44 77.43 8.8 11.4 159 58 37 531.6
B10 462.55 47.67 258 8.8 11.4 159 58 37 51 491.5
811 205.59 35.31 15.9 3.7 189.9
B12 354.53 48.72 16.2 5.1 327.2
B13 264.75 45.48 5.8 2251
B14 386.36 79.64 3.7 310.4
OF1 104.34 21.61 828
OF2 104.34 21.51 828
OF3 146.48 25.16 1213
OF4 280.36 57.79 2226
OF5 185.48 44.61 140.9
OF6 239.47 41.12 198.3




4.5

Thermal
Segment
Biscuit
Runner
Al
A2
A3
A4
A5
A6
A7
A8
A9
Al10
All
Al2
Al3
Al4
A15
A16
Bl
B2

B3

B5
B6
B7

B8

(final thermal work; Q¥)

Thermal Work
Q*
4,440.9
1,311.4

139.7
144.7
306.5
551.6
181.6
361.2
188.7
361.2
753.2
858.7
265.7
303.9
188.0
302.5
236.2
275.8
139.7
144.7
306.6
551.6
181.2
360.8
188.7

361.2

Fixed Die
1,301.7

253.7

139.7
144.7
306.6
551.6
181.2
360.8
188.7

361.2

45

Thermal Work by Die Component (Watt)

Movable Die

931.5
139.7
144.7
306.5
551.6
181.6
361.2
188.7
361.2
477.4
567.6
163.7
194.2
1171
191.0
192.2

221.8

Insert Core

275.8
291.1
102.0
109.7

70.9
1115

44.0

54.0

Biscuit
1,726.2

126.1

Plunger

1,413.0

95
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45( )

Thermal ~ Thermal Work Thermal Work by Die Component (Watt)
Segment Q* Fixed Die Movable Die Insert Core Biscuit Plunger
B9 531.6 347.7 183.9
B10 491.5 344.2 147.3
Bl11 189.9 116.4 73.5
B12 327.2 211.7 1155
B13 2251 142.6 82.5
B14 310.4 195.9 114.5
OF1 82.8 191 63.7
OF2 82.8 191 63.7
OF3 121.3 19.2 102.1
OF4 222.6 34.9 187.7
OF5 140.9 63.3 77.6
OF6 198.3 91.3 107.0
Total 16,330.4 5,395.3 5,893.5 1,776.3 1,852.3 1,413.0

(water spray)
SDCE
15 (04 ) (350 )
I 43 JImm2shot
4.40

Q,j = RAj<i, (4-40)

Qu

0
11
—
—
N—

A= J (mm2)
qw

(J/shot-mm2)
@)
441



Thermal
Segment

Biscuit
Runner
Al
V)
A3
M
A5
A6
AT
A8
A9
Al
All
AR
AL3
Al4
AL5
Al6
Bl
B
B3
B4
BS
B6
B

Fixed Die

(sq.mm)
3,545.35
3457.98

1,835.20
1,852.20
2,892.30
3,702.30
1,850.00
2,716.50
1,951.70

(Wiatts)
381.13
3173

197.28
199.11
310.92
398.00
198.88
292.02
209.81

Heat Absorbed by Water spray on Die Component

Qj=Qj-QW

Movable Die
(sq.mm)  (Watts)
6,565.68 70581
183520 19728
185220 19911
289230 310.92
370230 398.00
185000 19888
271650 292.02
1,950.70  209.81
271650 292.02
457821 49216
450638  484.44
1,88857  203.02
241729 259.86
163548 17581
243506 26177
2,368.05 25457
2,850.23  306.40

Insert Core
(sq.mm)  (Watts)
2,64459 28429
231172 24851
117743 12657
136611  146.86
989.82 10641
142234 15290
54155  58.22
69327 7453

97

(4.41)
Q)
Surface
Biscuit Plunger Area

(sqmm)  (Wats) (sqmm)  (Watts)  (samm)
470130 50539 384845 41371  12.095.10
30310 3258 10,326.76
1.835.20
1.852.20
2.892.30
3,702.30
1,850.00
2.716.50
1,951.70
2,116.50
7.222.80
6,818.10
3,066.00
3,783.40
2,625.30
3.857.40
2,909 60
3,543.50
1.835.20
1.852.20
2,892.30
3.702.30
1,850.00
2,116.50
1,951.70

Total Heat
Removed
(Watts)
1,300.22
1,110.13
197.28
199.11
310.92
398.00
198.88
292.02
209.81
292.02
776.45
732.95
329.60
406.72
280.22
414,67
31278
380.93
197.28
199.11
310.92
398.00
198.88
292.02
209.81



Thermal
Segment

B8

B9

B10
Bl
B12
B13
Bl4
OFL
OF2
OF3
OF4
OF5
OF6
Total

Heat Absorbed by Water Spray on Die Component
Movable Die
(Watts) ~ (sq.mm)

(sq.mm)

1571732
1,5717.32
1,197.14
1,891.08
1,482.06
2,671.98
59,158.55

Heatto be Processed

through Die, Qj (Watt)

46( )
Fixed Die
(sqmm)  (Watts)
271650  292.02
368498  396.14
326105  350.56
1,446.09 15545
2429.78  261.20
198394 21327
240661 25871
47178 50.72
47178 50.72
224.46 2413
351.92 31.83
120011 12998
228221 245.34
46,743.74  5,024.95

4.7

Thermal

Segment

Biscuit

Runner

Al

A2

A3

A4

A5

A6

A7

A8

A9

Al0

All

Al2

Al3

3,140.7
201.3
57.6
54.4
4.4
153.6
17.3
69.2
211
69.2
23.3
125.8
63.9
102.8

94.2

169.56
169.56
128.69
203.29
159.32
28724

Insert Core

1,948.82
1,395.95

91291
1,326.22
1,148.66
1,406.39

(Watts)

209.50
150.06

98.14
14257
12348
15119

Biscuit

(sq.mm)  (Watts)

98

Surface

Plunger Area

(sg.mm)

(Watis) ~ (smm)
2,116.50
5,633.80
4,657.00
2,359.00
3,756.00
3,132.60
3,813.00
2,049.10
2,049.10
1,421.60
2,243.00
2,691.17
4.954.19

6,359.54 19.285.78 207322 500440 537.97 384845 41371 134,040.92

Heat Qj to be Transferred through each Die Components (Watt)

Fixed Die

Movable Die

920.6

38.9

143.0

57.6

44

153.6

17.3

69.2

211

69.2

14.7

83.1

394

65.7

58.7

Insert Core

8.5
42.6
24.5
37.1

35.5

Biscuit
1,220.8

19.4

Plunger

999.3

Total Heat
Removed
(Watts)

29202
605.63
500.63
25359
403.77
336.75
409.90
220.28
220.28
152.82
24112
289.30
532.58
14,409.40
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47( )

Thermal Heat to be Processed Heat Qj to be Transferred through each Die Components (Watt)
Segment  through Die, Qj (Watt) Fixed Die  Movable Die Insert Core Biscuit Plunger
Al4 - 112.2 70.8 414
A15 - 76.6 62.3 14.3
Al6 - 105.1 84.6 20.6
Bl - 57.6 57.6
B2 - 54.4 54.4
B3 - 4.3 4.3
B4 153.6 153.6
B5 - 17.7 17.7
B6 68.8 68.8
B7 - 21.1 21.1
B8 69.2 69.2
B9 - 74.0 48.4 25.6
B10 - 91 6.4 2.7
Bl11 - 63.7 39.0 24.6
B12 - 76.6 49.5 27.0
B13 - 111.7 70.7 40.9
B14 - 99.5 62.8 36.7
OF1 - 1375 31.7 105.8
OF2 - 137.5 31.7 105.8
OF3 - 315 5.0 26.5
OF4 - 18.5 2.9 15.6
OF5 - 148.4 66.7 81.7
OF6 - 334.3 154.0 180.3
Total 1,921.0 527.3 548.8 296.9 1,240.1 999.3

47

(qw=8.18 J/Shot-mm2 3028 ) '
(qw= 4.3 J/Shot-mm2 15 )
, Ad, A6, A8, A0, B4, B6 B8
(qw= 0.82 J/Shot-mm2 03 )
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47
48 49
4.8
Therml Fleat Absorbed by Water Spray on Die Component Surface  Total Fleat
Segment Fixed Die Movable Die Insert Core Biscuit Plunger Area  Removed
(sgmm)  (Watts)  (sq.mm)  (Watts)  (sqmm)  (Watts) (sqmm)  (Watts) (sqmm) (Watts)  (Sqmm) (W)
Biscut 354535  725.02 470130 96142 384845 78701  12,095.10 2,473.45
Rumner 345798 37173 656568 70581 30310 3258 10326.76  1,110.13
Al 183520 3762 183520 3762
A 185220 3797 185220 3797
A3 289230 59.29 289230 59.29
A 370230 398.00 370230 398.00
A5 185000  37.93 185000  37.93
A6 271650  292.02 271650  292.02
A7 1,951.70 40,01 1,951.70 4001
A8 271650  292.02 2,71650 292,02
A9 457821  246.08 264459 14215 122280  388.23
AL 450638 48444 231172 24851 6,818.10 73295
Al 188857 3872 117743 2414 3,066.00 6285
A2 241729 4955 136611 2801 3,783.40 7756
Al3 163548 3353 989.82 2029 262530 5382
Al 243506 4992 142234 2916 385740 79.08
Al5 2,368.05 4855 5415 1110 2,909.60 59.65
Al6 2,850.23 58.43 693271 142 3,543.50 72.64
Bl 1,835.20 37.62 1,835.20 37,62
B2 1,852.20 3197 1,852.20 3797
B3 2,892.30 59.29 2,892.30 59.29
B4 370230 398.00 370230 398.00
B5 1,850.00 319 185000  37.93
B6 271650  292.02 271650 292.02
B7 1,951.70 4001 1,951.70 40,01
B8 2,116.50 55.69 2,716.50 55.69
B9 3,684.98  198.07 194882 104.75 563380  302.82
B10 326105  175.28 1,395.95  75.03 4657.00 25031
Bll 1,446.09 29.64 91291 1871 2,359.00 4836
B12 2,429.78 4981 132622 2119 3,756.00 7700
B13 198394 4067 1,14866 2355 313260 6422
Bl4 2,406.61 49.34 1,406.39 2883 381300 7817
OFL 471.78 967  1571.32 32.34 2,049.10 42,01

OF2 41178 967 151732 3234 2,049.10 4201
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48( )

Thermal o Heat Absorbed by Water Spray on Die Component Surface  Total Heat

Seqment Fixed Die Movable Die Insert Core Biscuit Plunger Area Removed
(sq.mm)  (Watts)  (sqmm)  (Watts)  (sq.mm)  (Watts) (sqmm) (Watts) (sqmm) (Watts)  (sq.mm)  (Watts)

OF3 224.46 4, 1197.14 2454 1,421.60 29.14

OF4 351.92 720 189108 3877 224300 4598

OF5 1,200.11 2479 148206 3038 2,691.17 55.17

OF6 2,280.21 46.79 267198  54.78 495419 10156

Total 4674374 2,70083 59,15855 312302 1928578 79562 500440 99400 384845 787.01 134,040.92 8,40047

4.9
Thermal Heat to be Processed Heat Qj to be Transferred through each Die Components (Watt)
Segment  through Die, Qj (Watt) Fixed Die  Movable Die  Insert Core Biscuit Plunger
Biscuit 1,967.5 576.7 764.7 626.0
Runner 201.3 38.9 143.0 194
Al 102.1 102.1
A2 106.7 106.7
A3 247.2 247.2
A4 153.6 153.6
A5 143.7 143.7
A6 69.2 69.2
A7 148.7 148.7
A8 69.2 69.2
A9 365.0 231.3 133.6
Al10 125.8 83.1 42.6
All 202.8 124.9 77.9
Al12 226.3 144.6 81.7
Al13 134.2 83.6 50.6
Al4 223.4 141.0 82.4
Al5 176.6 143.7 32.9
Al6 203.2 163.4 39.7
Bl 102.1 102.1
B2 106.7 106.7
B3 247.3 247.3
B4 153.6 153.6
B5 143.3 143.3
B6 68.8 68.8

B7 148.7 148.7



49( )

Thermal
Segment
B8
B9
B10
B11
B12
B13
B14
OF1
OF2
OF3
OF4
OF5
OF6

Total

102

Heat to be Processed Heat Qj to be Transferred through each Die Components (Watt)

through Die, Qj (Watt) Fixed Die Movable Die

305.5 305.5
228.8 149.6
241.2 168.9
1415 86.8
250.2 161.9
160.9 101.9
232.2 146.6
40.8 9.4 314
40.8 9.4 314
92.2 14.6 77.6
176.6 27.7 148.9
85.7 38.5 47.2
96.7 44.6 52.2
7,929.9 2,851.4 2,687.8

49

(Td
(A 442

KA

Insert Core

79.1

72.3

54.8

88.3

59.0

85.7

980.7

Biscuit Plunger

784.1 626.0
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Ts = (C)
Td = ()
= Td (cm)
Qj = |
(Watts)
K (W/em-°C)
Aj = J (cm3
4.42
1
(diverging
heat flow)
(converging heat
flow)
4.22
4.22
| (@)
4.43
an ) (4.43)
4.44

(2R+ ) (444)
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d = (cm)
d' -
4.42 (cm)
R = (cm)
! )
me (1)
4.45
Qj=hexDUTE-T (4.45)
o
0j = J (Watts)
he = " (Watts/cm2°C)
D (cm)
L = (cm)
Td = ()
Tw (0
(he)
4.46
h 20.023( b \Vupr, G, (4.46)
v ) Me kr,
e
he =
(Btu/hr-ft2°F)
ko= Tc

(Btu/hr-ft-°F)
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BT - (ft)
V- (ft/hr)
[1= Tc (Ibmift3)
[ = Tc (Ibmft-hr)
Cp = Tc (Btu/lom°F)
157 | | 716 )
1.8°C Tc= 104°F (40°C)
Te= 104°F 1 K T = 0.363 Btu/hr-ft- F 1 p Tc=62.09 Ihnift3
700 = 15794 Ibmft-hr 1 Cp = 0998 Btu/lom°F
4.46
/\_pm,\
h -0.283364\D 0 (4.47)
Br=7/16 V=4.253 X 3600 ft/hr

h =1224.57 Btu/hr-ftz
= 122457 x 56785 X 104= 06%4 wicm2- ¢

he - 0.6%4 wiem2- ¢, 1d= 150°C,
4.45
Qj =2.6675¢

4.10

Tw- 40°C, =11l cm

(4.48)
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4.10 1116

Die Qi Surface Area R d Waterline
Thermal
Component (Watts) sg.cm cm cm cm Area (sg.cm) Length (cm)
Segment, j
Insert core 980.7 192.86 11.83 2.30 3.31 12.82 3.68
Biscuit Biscuit 1390.7 85.49 3.70 3.50 2.42 18.18 5.21
Runner Biscuit 194 3.03 9.40 4.47 4.58 0.25 0.07
B1,B3,B5,B7 Fixed Die 641.4 85.29 8.00 1.90 7.24 8.38 2.40
B2,B4,B6,B8 Fixed Die 634.6 109.88 10.42 1.90 5.98 8.30 2.38
Al ,A3,A5A7 Movable Die 641.7 85.29 8.00 1.90 7.24 8.39 241
A2,A4,A6,A8 Movable Die 398.7 109.88 16.59 1.90 4.93 5.21 1.49
B9,B13,B14,B11 Fixed Die 484.9 95.21 11.82 3.00 12.19 6.34 1.82
B,R,B10,B12 Fixed Die 946.4 126.94 8.07 3.00 23.38 12.37 3.55
A9,A13,A15,A14,A11 Movable Die 724.5 129.05 10.72 4.00 31.54 9.47 2.72
R,A10,A,16,A12 Movable Die 534.1 163.39 18.41 4.00 14.15 6.98 2.00
4.10 d
d =331
d =2-70% 4-85- 3.78
¢ e A 7.04+598 +12.19 + 23.36
n d = 7‘- =12.20
Eor,) 4 44, 14 124+493+3154+1415
= 4 = 14.47
R = 2.30
R CJ— — =3.99
- . 4 1.90 + 1.90 + 3.00 + 3.00
R = A =245
-1 4 1.90 + 1.90 + 4.00 + 4.00
R = =295

4



= 3.68

=5.21+0.07 =5.28

= 2.40+2.38+1.82+3.55 = 10.15
= 241+1.49+2.72+2.00 = 8.62

426 (

; baffles)

4.26

O 12.20 e : 14.47 C )

107



4.15
(moment) X Y
X Y (
4.49
Mx=FxXJ
X ( )
F (
X Y !
Y 450
My=FxYJ
My - BOINYH)
Y = Y
X Y C.G.
My =o0) X
] c.G- qeXJ=0 £7..

08

C.G) X
(4.49)
j ( )
(4.50)
j ( )
F
(» Mx =0
Y
=0)

4.27
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4.27

4.2

(boundary conditions)

421

1

2.1

4

1.2

2

(mesh)

(tetrahedral)

(interpolation function)



12 . 4,063
(node) 6,744
- (650 <)
- 380
H-13 1.89 cal/lcm2oC ( . Hong,1979)

- 13

4.28
(pre-process)
h= 1.89 calicm’-C —p4
Te =200C

v=13m/s

4.28

110



Koester

4.29

Goehring

4.2.1.2

(process)

18,700

(post-process)

, 2.7.3

4.29

m
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4
3 . 4.29 . 2,405
617 4.29 . 686
244 4.29 . 3,240
883
1
4.29 .
1.89 cal/cm2°C
35
2.7.31
2
429 .
2
150 C 350 C
35
2731
3
4.29 .

1.89 cal/cm2°C
35
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2731

422 ?

- (650 °C)
- 380

H-13 1.89 cal/cm2°C

05 . 165,393 -
37,458
30,500



2 (
6260 |

L
2 (

0.063

X
21.94
363,513
423

196,647

422

13

69-79
62-69

69-76

/
/

45378

/

(
(

(

114



(

)M 1 ()

1 32-40
2 65-73
3 32-40

0.090

22.01

327,265.5

1.08

32-40

331,315

/

(

)

115

65-73



424

363,513
1 69-76
2 62-69
3
0.063

21.94

411

327,265.5

32-40
65-73
32-40
0.090
22.01

116
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