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(NADCA)

Chapter 1.

Chapter 2. (Surface Defects)
Chapter 3. (Laminations)
Chapter 4. (Gas Porosity)
Chapter 5. (Blisters)
Chapter 6. (Flow Porosity)
Chapter 7. (Shrink Porosity)
Chapter 8. Sinks

Chapter 9. (Leaks)

Chapter 10. (Cracks)

Chapter 11. (Inclusion)

Chapter 12. (Solder)

Chapter 13. (Carbon)

Chapter 14. (Erosion, Cavitation)
Chapter 15. Outgassing

Chapter 16. Bending, Wraping

Chapter 17. Flash

Chapter 18. Stained Casting

Chapter 19. Waves & Leaks

Chapter 20. Drags

Chapter 21. ( Deformation from Ejector Pin)
Chapter 22. Cold Flakes

Chapter 23. Excessive Flux.

. (by e-mail)

Wb
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(NADCA)

1
2 (surface Defects)
A

1)

(2)
Cold flow-
Cold laps —swirl
Cold fill — chill
Cold -laps
Poor fill - lines

2-1,2-2,2-3
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(NADCA)

P 2.1 Fig 1.7

(Fig 2.3)

wringkle, laps, lamination
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1.9mm

3.17mm

10%

(NADCA)

2.28mm
(critical)

30%
2mm

(even)
(consistent)
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(NADCA)

- ( )

) ¢ )

- ( )

) hot & cold spot
2-4 R R

D.
(
)
’ ’ (NADCA )
Max fill time = Kx - ! :_-1;5-?11 xT
(T, -T,)

k=
T=
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(NADCA)

Ti=
Tf= (Solidus)
Td=
21~55
22 . . Pyrometer
| - thin wall i ___wvarage wall
I | L i 2 3mm =08 inches2 3mm)
Al approx . . 5ib (1 1kg) 0% sec 1 BaC T3
Fine ':-||:_|:|'|—.:- &b 8 E_I-.|;|'| I | 0% soc 1 05 gas
Mg, apprax . 210 (4 4kg) [ 02 soc 03 s
( 21 )
E.

PQ

Dragging Tip -
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(NADCA)

(estimate)
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erosion
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(NADCA)

solidering

PQ
3000 psi

NADCA

3. (proportional gate)

5. (flow path)

6. (direct)
7. . chisel( , )

10. -
. Tree
11. opening swirl

12. .-
v by-pass

9/117



(NADCA)

204

(knit) wrinkle cold flow

- pyrometer
- thermo-couple

pyrometer

thermo-couple

(
Good finish Average finish
475~600 375~600
450~550 375~550
450~550 400~550

10/117



99%

(wetting action)

action

10%

(consistency)

(NADCA)

. wetting
50%

porosity
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(NADCA)

- (drop size & )

- (consistency)

water/hot oil flow

Water/oil

(reduced flow)
cold flow

. Hot oil
(surface defect rate)

. (hot oil
) . Hot oil
unit )
(thermal design)
( ; ; )
water/oil heating/cooling
- eject pin cooling/heating line
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(NADCA)

(
)
- ) 0.125mm 40%
- hot oil
- water/oil

cold flow

(spot location)
spot heating

2-6
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(NADCA)

Cinriesy Prof. 1 Brevick. The Cihic State Unierisis
( 2-6)
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(NADCA)

1)
(2)
(3)

(1)
(2) hot oil

,soldering,

432 687
5.5

Zamak 7
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(NADCA)

( : 384 ). Zamak 4.2%
4.2%

2%

blister porosity

Boss Fin Blind

Blind
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(NADCA)

3  LAMINATION

A Lamination

3-1.3-2
cold flow line

— e —
- - X « |
et g S k]
N — L
( 3-1: flow lamination )
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(NADCA)

3-1
1,2
3
1,2
1 2
dribble( ) , splatter(
- ( )
1)
2)

3-2
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(NADCA)

(flex)

3-3
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(NADCA)

worn linkage

Skimming

2mm

Porosity

3-4
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(NADCA)

Skim

3-5, 3-6 . (

3-5
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(NADCA)

(Shot)

static intensifier

4 (Gas porosity

A Porosity
Porosity
Near-net shape porosity
. Shrinkage porosity gas porosity
porosity flow porosity
porosity
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(NADCA)

(Lathe )
(Lot)
B.
600
Blister
C.

1,4-2,4-3,4-4

. X-ray

Blister test
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(NADCA)

Coarlicsy' (o e Umiveraty )

, 50

, 0.5%

4-1 :
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(NADCA)

4-4

flattened look

4-5
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(NADCA)

4-5: (flattened)

. 4-6
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(NADCA)

(outgassing)

5~50cc 20~30cc
10
lcc
E. trapped air, Plunger System
(percent fill: ) . 4-7
50%
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(NADCA)

e 2n-Y
g 3in-C

& dwn,

) ) 50%

PQ .
50%

. ( 4-8).
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(NADCA)

| FOUmMNG HOLE HE CAVITY

----- P T .
FE SRR S e e g

W gHOT SLEEVE

LiF
POURDNG HOLE DEE CANVITY |

EHOT SLEEVE

POURING F0ILE CREST DIE CAVITY

FLUNGER TIP SHOT SLEEVE
4-8 :
50% full
PQ
(surf), ( 4-9).

29/117



(NADCA)

=
r__. e -
il ‘:h-
OT BLEEVE
tel Trapped Air Tvps 11
PORTHG HOLE TRAPPED AT E“"

&

4-9 3
() €.

(travel)

50%

. 50% '
1 23 / 4-10.4-11
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(NADCA)

Plunger Acceleration

4-10 (32% fill)
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(NADCA)

Css =(22.8)[(100-%fil))/100] SORT ( )

Css=critical slow shot speed.
(percent fill)  50%

100% 1-2

Css
(surf) (roll
over) . Css
(pull)
(splattering)

shot

Pour Hole Speed

Pour Hole Speed (change over point)

Pour Hole Speed (change over point)
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(NADCA)

F. Trapped Air, Runner system

64~160Km

(pull away)
eddy  swirl

(pull away)
(smooth)

G. Trapped Air, Vents & Vacuum

70%

= Q/8000

8000=

Edge . Edge
(shallow) Z spitting
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(NADCA)

1
(leakage)
(wear)
reading
O-Ring
« )
(1)
(2)
(3)
( )
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(NADCA)

H. Steam

1500

98%

(locking)

(heat)

4-12
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(NADCA)

4-12 :

(erratic)
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(NADCA)

5 . BLISTER
A (Sources & corrections)
Blister .
Blister 5-
1

5-1: Blister

(2000~15000psi 137~1000bar)

( 315 )
blister
blister .Blister
( )
(
)
Blister
Blister (Swirl)
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(NADCA)

back fill
(spread the flow pattern out),
. dead spot
eddy .reflection
(edge)
(Push up).
( )
( )
NADCA
90
Radius . Hog nose
saver
B. Blister ( Hiding Blister )
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(NADCA)

spot cooling

air blast

spot cooling
spot cooling

impact pressure

5 Flow Porosity

flow porosity

6-1.6-2
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(NADCA)

6-1
6-2
(dragging)

6-2: FLOW POROSITY
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(NADCA)

flashing spitting
(Limit)
4
3
X-ray
“crack like”
(dragging)

- (free charge)
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(NADCA)

- (Pre-charge)

< 634
< 410
<634

165

4~6%

(configuration), ,
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(NADCA)

(3mm)
(25mm) . (configuration:
)
( )
7-1,7-2 7-3
| 1 - '
HOT COLD
7-1
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7-2

7-3

7-2

(NADCA)

§1 il
. |} i1
COLD R
qr:b‘tHl‘.'ZJT
= & ~
™ KI
~ \\\(f“a%
Kol AV

( )
7-3
| - ’ - L - ) ot
WARM f o
cen arﬂnu
ﬂfﬂ-ﬂlw
7-3:
(porous)
/
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(NADCA)

7-4

[THIS CORE WILL BEHOT, |

AN THE SHEINEAGE WILL
RECLOSE TOOR EVEN |.|ru|I
THE SIIBFACE IN THE
CORMNERS- A SHARP

LIRNER MAKES IT MUCH
UTRAL THERMAL AXIS, AND THE g

POINT TO S0OLIDIFY, ALSO THE
ATION OF “CENTERLINE

'\\"

H-13

7-4
(thermal
axis)
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(NADCA)

(rough), (irregular)
, - ( <milli-
second> J)
(layer)
(
)
( )
7-5

7-5
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(NADCA)

7-6

7-7,7-8,7-9
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(NADCA)
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(NADCA)

(porous)

(2.54mm

4mm
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(NADCA)

D. metal saver

intensifier system
(intensification)

(critical)

( flashing ..

mushy . Mushy

Mushy
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(NADCA)

380 -——-80F( 27 )
384 -—-120F ( 49 )
413 -——-15F( 95 )
AZ91 --—-230F (110 )
Zarmak( )-10F ( 6.5 )
Mushy intensifier
,packing pressure
intensifier
Rise time
, , (critical)
(critical)
metal saver
(static metal
pressure packing pressure ) intensified

intensified
static metal pressure
7-1
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(NADCA)

Siatic Ininn s
Presmuns Pross s
Mlusnimum 30080 pesl #. 00 pe
Zim 2 DK peat L P
I'J.unl- &l 1,000 pssi B, GO0 gt
7-1
intensifier 10,000 psi
intensifier rise time . Static &
intensified
. Static & intensified
4,500 5,000 psi static
intensifier
intensifer
intensifier . (casting
process)
1400 1500 psi
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(NADCA)

intensifier
intensifier
intensifier (critical).

(operational consideration)

(Operation)

7-10

(procedure)

DENSITY VS BISCUIT THICKNESS

APPROXIMATE
DENSITY
==
B o

=
=

J —— APPROXIMATE
iS e i) DENSITY,
o 9O O O O v~ - FE-K:H"”
BISCUIT THICKNESS

7-10
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(NADCA)

) (static & intensifier )
(process design)
PQ:
1) 2) 3) intensifier
) ' ,
)

impact spike, rise time,
impact spike (Flashing)

impact spike
impact spike

) tip to sleeve clearance, , , ,

) pre-charge

.(low static pressure).
packing pressure
)
)
packing
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(NADCA)

. 50%
50%
50% compact
3.3
- ( )
edge porosity
(
)
core
39 0.1
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(NADCA)

7-11 & 7-12

. random
(blind pocket )

,100
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(NADCA)

7-12 : gas porosity & shrinkage porosity
50
8 , SINK
A
Sink ( ) .Sink
8-1. 8-2 Sink
. Sink
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(NADCA)

hot cool
( 8-3 ).

.

E

8-3: Sink )

=1
0 \\J A
(

( | 8-4).
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(NADCA)

THE IEAT FLAOW FILLIY
ARBOWE BAVE LOTS
|ami s, &%
WEAT (LT FAST, %10
THE CTNHNER §TAVE

WEY (M \\
THE 1004 T FLLY

AHRIAYS CROWD
TR TIER HERE ASEF

THIE AT CaNMaT

ERCAIE PART, S0 TIH &
VIENER GETS VERY [ —— |

HEFT

|'.|--- MK PIHTSTT Y |

EMTIH-IZI.‘H.H- |

,
L
\ A —,

| =

——— -

L |-.|-c} FTHNNG]

8-5:

(intensifier pressure)
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(NADCA)

sink

sink

(contraction)

sink

8-6:

leak

sink
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(NADCA)

Sink
B. (correction)
sink
. Sink Sink
. Sink
rough( frosty)
(rougher)

8-8
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(NADCA)

Sink

Sink

Sink
Sink (opposite a
boss),
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(NADCA)

Sink . Sink
Sink
( ) (put)

Heat Sink

9 Leakers
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(NADCA)

G0 )., )

(porous)

12.7mm 25.4mm

9-2

9-3
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(NADCA)

‘ BHRINKEAGE d ;

| A

HYDROGEN PIN-HOLE POROSITY

AlR, BTEAM, DIE LUBE

f-_ r o {I
X .ﬁ IL
r.-t'- L

9-3:

Cog

(static( ) & intensified pressure( )

).

. (thermal axis)
(porous section)

. 9-4
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(NADCA)

THE AREAS MACHINED AWAY |
ALLOW A LEAK PATH T EXIS]

BETWEEN THE NMAUHIMNERY
SECTHINS | L EAKTATH]
9-4:
(drag),
Sink
(frosty
appearance)
( frosty )
( 9-5).

SHAFE (O THE
CARTING

Y

- [LEAK PATH ]

HOT SPOTS DUE nﬂ

GROOVE

;."ul ACHINED HERE
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(NADCA)

9-5
/
/ (difference between die halves) 27
55
B. (Correction)
(solid skin)
(ststic pressure)
-5000psi -.

(Shot Pressure)
. Intensifier pressure rise time

(Radius)
Solder drag
Drag

Feeder

(operating window)
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(NADCA)

flow porosity

cold flow

oxide skin

cold flake

9-7

9-6

9-6:
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(NADCA)

CEXIDE LAYER

HETWEEMN
METAL FLITWS
CALSENG A LEAK

9-7
. 5~30
cold flake
10 . (CRACK)
A - (shrinkage & Stretching)

(casting spends more time than than is necessary in the die : chill time
) (tension)

69/117



(NADCA)

.( 10-1)

1)
2)
3)
4)

10-2

AR CRSTING CINGELS TN THE
CHEE, IT TRYS TO CUNTRALT
FLUILLIRG THE ENDS
TOGETHER ASD LT TING THE
CASTTNG PN TENSIOS

Ll o L

E"'.'-ill"-l:i I ¥

EHI- TENSICN
oS ATHASE ON
THE CTHENERS
TIIS % ALSG
WHERE THERL 1%}
LIKELY T HE
EOME SHRINK
POHCESITY, THUS
[T CAMN BE A
WHAK MENT
WHERE CHRACEY
I L
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(NADCA)

10-2: ,

. (There are some things that can be done with stress crack that would
not be effective with shrinkage cracks)
(stretching) ,
1) dwell time
2) R
3)

(Heavy)
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(NADCA)

10-3

10-3: ,

(shift)

72/117



(NADCA)

(projection)

(slow down).

(Drag) (Sticking)
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(NADCA)

. Projections in the die that will cause the
casting to be stretched between the projections are a bigger problem in
magnesium.

knit line

( )-

(spread flow out),

- (static pressure)

- . Fe, Cu, Si
Si

11 (Inclusion)
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(NADCA)

A. : (Aluminum Oxide)
Fe-Al
2.8

11-1

11-2

stinger
(ball) (drift)

dipout well
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(NADCA)

11-1; pot softer oxide skimming

11-2: dip out
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(NADCA)

polymorphic . (
) 800
(Al,03) -Al>03
(dense).
. corundum .
Corundum 4.0 ] Al>O3
Corundum
( )
corundum
Al>O5
condunrum
982
corundum
hard spot
condunrum melt line
Corundum (bath)
. Corundum corundum Al,O5
corundum
11-3, 11-4
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(NADCA)

11-3: corundum

11-4:
corundum;
hard spot
Hard spot
11-5,11-6,11-7,11-8,11-9,11-10 corundum
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(NADCA)

11-5 hard spot :

11-6 corundum
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(NADCA)

corundum

11-7

corundum

11-8
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(NADCA)

11-9 corundum

11-10 25 :
( )s ¢ ) ( )

81/117



(NADCA)

B. Hard Spot
hard spot
( )
corundum
11-11, 11-12 hard spot

11-11 hard spot
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(NADCA)

11-12 (corundum,flux, refractory) hard spot.
- (tapping) :
30
(dress)
( ; )
732 ~773
) 3 6
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(NADCA)

(after it leaves melting furnace)

C. (sludge)

(dipout)

(Al, Si, Fe, Mn, Cr)

11-13

11-14

11-13
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(NADCA)

, ,Fe, Mn,
Cr

11-14 ,

(%Fe)+{2 X (% Mn)} + { 3 X (%Cr) } < 1.75
1.80

648

D. & comet tail areas....

(comet tails)
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(NADCA)

FeA|3
pot
pot 437
ZA pot
pot
12 (Solder)
A. solder
Solder
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(NADCA)

(penetrate).

10/1000

inhibited

tough

(erode)

wash
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(NADCA)

(wetting)
(match)
«C )
(bubbler) .
. 3.18mm 1/16
(fountain) 4.4mm
12.6mm
/
(stick) . 380 1.3%
0.7%
1)
, PQ
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(NADCA)

2)
3)
.Static intensifier

C.

deposit . Deposit
steel

. Deposit
)

PQ2

draft area

(polishing)

deposit

(2

eddi
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(NADCA)

13

high polish

13-1.

deposit

deposit

deposit

(Carbon or Die buildup)

buildup

13-1

SRR,
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(NADCA)

whitishfh(?) solder

(scraping)
(peel off)
B.
(lubricants)
- (
)
(formulation)
14  Erosion Cavitation
A. Erosion
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(NADCA)

. ( The high velocity
required at the gate is significant, as is the condition and the temperature
of the die steel at the point of impingement).

.(with the aluminum essentially dissolving some of the die

surface away) Cavitation

(product of corrosion and erosion) .
corossion  erosion

14-1 erosion
: 1‘““‘H_d#‘ir__ -“‘.II..E
I:l.-‘llr .‘._"‘. "_:‘. .: ¥ e -
I.Ir - '\? . &
F h

14-1. erosion ;
B. erosion
erosion
: 30—~50 m/sec
1 25—~40 m/sec
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(NADCA)

1 25—~76 m/sec
60m/s
(heavy flow). erosion
45~50m/sec
, erosion
erosion  soldering
. Erosion
.erosion
erosion  solder
177 ( )
soldering
,de-gassing,cleaning,
. 390
erosion
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(NADCA)

erosion . 380

(operation parameter)

erosion
PQ2
( )
erosion
C. Cavitation
( )
impolding
. 14-2
1000

14-2:
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(NADCA)

(spot)
(jagged)
erosion
erosion
(pit)
(square corner)
( )
X-ray
15 & (edge Porosity)

15-1
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(NADCA)

15-2 edge porosity

15-2: edge porosity ,

(porous
nature)
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(NADCA)

15-3
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(NADCA)

(PQ2 ).

- 15-4
i|1ﬂ1h:
— e
A
II
E i = 5 {
THIN STEEL SECTTCHS i
ITHAT CANNOT KEMOWI |
SHEAT. THIE AT AREA THICKLR 5TEEL, ATHIEDY
MIETS CUTTE HOTT ASTE 1S WATER LINE REMOVE
MIORE HEAT, REINUCTNG

LIKELY TC HAYE A

i||-| MR MY SECTH AN THE HEIT SECTHEY AND

S HEIME POBCSITY (18 THE ASKCHIATEL
IR SECTIES

THE SLRE AT
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(NADCA)

15-4

1) cold chamber

- , , Sticking
- pre-charge
- (intensifier)

2) Hot chamber

16 . Bending, Warping
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(NADCA)

16-1

(80% , 20%
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(NADCA)

- (draft allowance) —

(Worn Shoes), worn toggle link,

Drag
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(NADCA)
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(NADCA)

1426 (+/-) 3
: 650 —~ 670
: 650 —~670
( :
b L b )
D. -
(Squaring Block), ,
*
* Platen
*
- Platen Shoes
E.
Impact pressure (intensifier pressure) (Static metal
pressure)
17-1
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(NADCA)

Static Intensified
pressure pressure
3,000 psi 5,500 psi 8,000 psi 15,000 psi
2,000 psi 4,000 psi NADCA NADCA
3,000 psi 4,000 psi 8,000 psi 12,000 psi
( 17-1 - )
(percent fill)
.(it is counter
productive)
. Impact spike
( )
(machine setting)
(
)
(optional)
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(NADCA)

F. (sealing problem)
( )
bluing (fir)
Bluing
(indent)
18 (stained casting)
A.
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(NADCA)

18-1: typical stained casting

19 Waves and Lakes
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(NADCA)

waves & lakes (decorative finishes)
.waves & Lakes
19-1
waves & lakes

19-1: waves & lakes.

waves

(attach)

_‘,Tﬂm? !:l -1‘_*‘.,’; : "I.: L !;".!' A
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(NADCA)

19-1

19-2 :

squirt

19-3

19-2
sanded

squirt

(main)

splash

splash
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(NADCA)

3. squirt

.(and this initial flow will be
accentuated with older and slower accelerating machines)

6. (slow accelerating)

(splatter)

20 . DRAGS

Drag
solder

20-1 drag
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(NADCA)

1

2)
3)
4)

5)

21 . Pushed Ejector Pin
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(NADCA)

21-1

21-1

315

(seize strongly)

(push)
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(NADCA)

22 . Cold flake

(Chipped off)

22-1

22-1

leak

(skin)

22—
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(NADCA)

22-4
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(NADCA)

(Blocking)
1)
2)
3) ( pour hole
erosion )
4) 650
675
5)
6) break off shear off
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(NADCA)

7)
350
23 . (EXCESSIVE FLUX)
A
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