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METHOD FOR INJECTION MOLDING OF
HOLLOW SHAPED BODIES FROM
THERMOPLASTIC RESINS

The presentinvention relates to | method for making
hollow shaped bodies by a modified injection molding
process. . ‘

It b known in the art to prepare hollow bodies from

thermoplastic resins by adhering or welding together 10

two halves, which halves are usually mirror-sym m etric
and are formed, for example, by injection molding.

According to so-called "injection blowing” methods,
hollow bodies ofthe type in question are made by pre-
paring a pre-molded object bf injection molding, ie.
with the resin in its thermoplastic condition. At this
point, the apparatus is opened and the pre-molded ob-
Ject, including its core, is inserted into a second hollow
mold suitable for blowing. In this mold, the hollow
hody is given its furnl shape by the introduction o fgas.
This process is widely used, particularly for the prepa-
ration ofbottles and other relatively smal hollow bod-
ies.

The object of the present invention is to prepare
hollow bodies of large size, for example double-paned
windows, hollow glass bricks, double-waited lighting
fixtures oflarge art», and double-walled skylights, from
thermoplastic resins in one step and in a single mold
using an injection molding procedure. In this way, the
new procedure differs from the injection-blowing tech-
niqgue mentioned above, which latter involves at least
tw o processing steps

The new method is characterized by the following
features, illustrated by reference to the preparation ofa
hollow “glass brick" of polymethylmethacrylate. The
molding material, which has been rendered plastic in
the injection cylinderofanautomatic injection molding
machine, is injected ata temperature 0f260* G into the
mold cavity o fthe apparatus through an injection noz-
zle. In known fashion, the injection aPerlure ofthemold
is suitably located  the middle of the mold surface
surrounding the aperture. In general, the total amount
of the forming material which is to form the hollow
body is injected with one stroke. Inmediately after the
injection process, oreven superimposed on this process,
gas is introduced into the mold through the injection
aperture under such a pressure that the mold-filing
process takes place completely. A ir, carbon dioxide, or
nitrogen, for examFIe, can be employed as the pressur-
ized gas. In the mold, the desired hollow body is formed
and. because ofthe therm oplasticity o f the resin, is held
in its find form by gas pressure.

Aftercooling erfthe finished hollow body below the
softening point of the resin, but before opening the
mold, a pressure equalization with the ambient atmo-
sghere is carried out The pressure within the cooled
shaped body can be equalized with ambient pressure
Simply by separating the mold and the injection nozzle,
causing the resin to break around the thin neck of resin
surrounding the injection aperture.

Alternatively, an amountofmolten forming material
sufficient to close the gas entry opening in the shaped
body can be injected under pressure into the injection
aperture afterasufficient amounto fcompressed gas has
been introduced. In this case, equalization of the pres-
sure in the closed hollow body is effected after cooling
by boring into or piercing awall ofthe body. It is rec-
ommended that this opening be made in the plane along
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which the mold w ill be separated, since an opening in
this location is in general not visible cm later use of the
hollow body, for example as a double paned window.

A better understanding of the invention w ill be had
by referring to the accompanying drawings, ~ which

FIG. 1 afrontelevation, partly in section, of an
apparatus, including amold and an injection nozzle, for
carrying out the process ofthe presentinvention; and

FIGS. 2 and 3 are front elevations, partly in section,
showing two successive stages in carrying out the
method of the present invention employing @ mold
embodiment having male and female porttons-

FIG. Lshowsamold comprising upper mold Fortion
10 and lower mold portion 11. both suitably of metal,
defining mold cavity 12 therebetween. Mold cavity 12
has a form corresponding to that of the hollow resin
body to be produced according to the invention.

Injection nozzle 13, also suitably of metal and at-
tached at one end to outlet 14 ofan injection molding
machine, is mated with lower mold portion 11 at its
other end through injection aperture 15 (better seen in
FIGS. 2 and 3which omitinjection nozzle 13). Injec-
tion nozzle 13has therein core portion 16 provided in its
interior portions with compressed gas channel 17 in
communication through gas inlet tube 18 with a source
of compressed gas. Located within channel 17  core
portion 16 of injection nozzle 13 is pressnre-activated
valve It. Valve It is slidably movable within channel
17 under the action o fcompressed gasalternately intro-
duccd through gas lines 20 and 21 through three-way
valves 22 and 23.

Atthe beginning ofthe process o fthe presentinven-
tion, molten thermoplastic resin 24 is introduced into
mold cavity 12 from outlet 14 ofan injection molding
machine through injection nozzle 13. During the resin
injection stage, pressure-activated valve 19 is in a posi-
tion (not shown in FIG. 1) which blocks gas inlet tube
18. This is achieved b?/ introducing compressed gas
through line 21 and valve 23 white permitting gas to
escape from the interiorofcore portion 16 through line
20 and valve 22. After mold cavity 12 is partially filed
with resin, gas line 20 is pressurized through valve 22
while gas » bled from the interior of core portion 16
through line 21 and valve 23. This causes valve 19 to
assume the position shown in FIG. L Gas inlet tube 18
is thus opened, permiting compressed gas to flow
therethrough into compressed gas channel 17, in turn in
communication with mold cavity 12 through in#'ection
aperture 15. In consequence, resin bnbhle 25 is formed
within mold cavity 12, Compressed gas continues to
(low throu%h inlet tube 18 causing rain bubble 25 <O
expand in the direction shown by the arrows until the
exterior walls of the bubble are pressed completely
against the inner wall of mold cavity 12 defined by
upperand lower mold portions 10 and 11 Valve 19s
thén a%ain actuated by appropriate manii)ulation of
valves 22 and 23 to introduce gas through line 21 and
remove it from Une 20. thereby moving valve 19 in
compressed gas channel 17 into a position which again
blocks the entry of compressed gas through inlet tube
18. As soon as the hollow shaped body thus formed
within mold cavity 12 has coaled below the softening
temperature of the thermoplastic resin, joined upper
and lower mold portions 10 and 11 are separated as a
combination from injection nozzle 13 by means 26, for
example hydraulic moving means. This movement
breaks the thin neck of ream surrounding the walls of
injection aperture 15 and the pressurized gas contained
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within cavity 27 of the hollow shaﬁed body formed
within the mold portion escapes to the ambient atmo-
sphere through the opening produced thereby. Upper
and lower mold portions 10 and 11 arc then separated
and the shaped «sin body is removed from the sepa-
rated mold portions. . _

FIGS.2and 3 show tw o successive stages ofcarrying
out the method of the present invention employing a
different mold embodiment comprising female mold
portion 30, suitably of metal, having therein shaped
depression 31 into which matching male mold portion
32, also suitably o fmetal,is fitted. Male mold portion 32
and female mold portion 30 are brought into sealing
relationship by peripheral scaling gasket 33. Female
mold portion 30 contains therein injection aperture 15
which, asforthe mold embodimentshown in FIG . 1,is
brought into  mating relationship with an injection
nozzle such as nozzle 13 shown in FIG. 1. (For pur-
poses of clarity, the injection nozzle has been omitted
from FIGS. 2and 3.)

Atthe be%inning ofthe resin injection process shown
in FIG. 2, thermoplastic resin 24 is introduced into a
cavity defined between female mold portion 30 and
male mold portion 32. Then, proceeding as described
earlier herein with reference to FIG . 1, compressed gas
is introduced through an injection nozzle into the mol-
ten thermoplastic resin while, simultaneously, male
mold portion 32 is moved upwardly by means 34, for
example hydraulically operated moving means, con-
nected thereto- In this manner, the resin mass 24 ofF |G .
2is formed into a hollow shaped body (shown as35 in
FIG. 3).

Just )as in the process described with reference to
FIG. 1, afterthe resin comprising hollow shaped body
35 has cooled beneath its softening temperature, joined
mold portions 30, 32 arc separated in com bination from
the injection nozzle so that pressurized gas contained
within cavity 36 o fthe resultant shaped body can escape
and equalization with ambient pressure occurs. On re-
movalofmale mold portion 32completelY from shaped
depression 31 defined within female mold portion 30,
shaped resin body 35 can he removed from the mold.

In addition to the method embodiment specifically
described with reference to FIGS. 2 and 3, numerous
other embodiments for carrying out the process of the
invention arc possible. Thus, for example, at the begin-
nin? o fthe resin injcclion process, the cavity presentin
mold 30, 32 can beonly partially filed with resin. Male
mold portion 32 can be moved upwardly even during
the injection ofresin, although it ~ more advantageous
to effect this movement simultaneously with the injec-
tion ofcompressed gasorevento permitthe movement
ofmale mold portion 32 within female mold 30 to be
effected solely b{) means o fthe forces exerted on male
mold portion 32 by the compressed gas introduced into
the cavity therebencath. _

In many cases, it is not desired that the shaped body
formed according to the Frocess ofthe invention have
an opening therein atthe locus ofthe injection aperture
15in lowermold portion 1L of FIG. Lor female mold
portion 30 0fFIGS. 2and 3. In this case, the gas entry
openin? in the final shaped body can be sealed with a
resin plug such as resin plug 37 particularly shown in
FIG.3.To form such aream Flug, anamountofmolten
resin sufficient to form the plug a introduced through
the injection nozzle after the injection of compressed
gasinto the resin body is completed. In this case, the gas
within the hollow shaped hody (cf. cavity 27 ofFIG. 1
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pressure” After cooling of the thermoplastic resin be-
neath its softening point, but before the resultanthollow
shaped body can be removed from the mold, the gas
pressure therein must be equalzed with the ambient
pressure to avoid a possible explosion of the hollow
body on removal from the mold. As shown in FIGS. 2
and’3, to equalize interior pressure with ambient pres-
sure, an aperture can be drilled within hollow shaped
body 35 by drill 38 rotated and propelled forward by
means 39. The pressurized gas within the hollow shaped
body can thus escape into the atmosphere through the
opening so produced. If asufficiently tough resin body
is employed for formation ofthe hollow shaped body,
the body can be pierced with a sharp instrument (not
shown), in a manner analogous to that shown in FIGS.
2 and 3, instead of employing drill 26. Suitably, the
piercing instrument is formed as a cannula having an
interior passage therein so that the pressurized gas can
escape directly to the atmosphere through the mterior
passage.

The boring technique and the analogous piercing
technique described immediately above with reference
to the mold of FIGS. 2 and 3 can, ofcourse, also be
adapted to the mold shown in FIG. 1 by appropriate
modification thereof.

As synthetic resinswhich can be employed according
to the foregoing process, polystyrene, polyethylene,
polyvinyl chloride, and acctobutyratc can be given as
examples, in additon to the polymethylmethacrylate
alreadP/ mentioned.

Hollow bodies having arelatively small separation of
the parallel walls thereoffrom one another, forexample
of 5milimeters, can be prepared in any of the above-
described manners without effort. However, in the
Ereparation o fbodies snch as the aforementioned glass

ricks, whose principal surfaces may be spaced about S0
mm from one another, it is preferable to use expandable
molds like the mold shown in FTGS. 2 and 3.

The hollow bodies prepared according to the process
ofthe presentinvention have an exterior surface which
corresponds to the quality of the surface of the mold
cavilgl in the apparatus. If the required temperature for
whichever resin is being used is maintained and other
injection requirements are met. the inner surface ofthe
hollow body is shiny. Even in the processing o f opales-
cent materials, the quality of the inner and outer sur-
faces of the shaped body formed therefrom meets all
requirements.

It should also be mentioned that the new process can
be carried out on commercially-availablc machines to
the extent that these can be modified in a simple manner
to permitthe controlled introduction o fgas under pres-
sure, In evaluating the new process, it should not re-
main unmecntioned that the process permiits the prepara-
tion ofclosed hollow bodies whose interior portions arc
completely dust-fiee. In the preparation o fhollow bod-
ies by the joining of tw o halves, freedom from dustcan
only be achieved with a comparatively great effort.

Whatis claimed is:

1. A method for making a hollow shaped body from
a thermoplastic resin by injection molding, which
method comprises injecting an amount o f molten resin
sufficientforthe preparation o fthe hollow shaped body
from an injection nozzle into a mold through an injec-
tion aperture in said mold, injecting gas under pressure
through said injection nozzle and aperture to expand
and distribute the molten resin overthe interior surfaces
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of the mold, whereby said hollow shaped hody IS
formed within said mold with a gas entry opening in
said hollow shaped body, coolmgi the hollow shaped
resin body so formed to & temperature beneath the soft-
ening point of the resin, separating said mold and said
injection nozzle after said resin has cooled beneath its
softening point, whereby the interior of said hollow
shaped Body is opened t0 the atmosphere throth said
injection aperture and gas-entr)(]open!ng to equalize the
Pressure within said body with ambient pressure, an
bhedn opening said mold to remove said hollow shaped
0

ZyA method as in claim | wherein said mold defines
therein a mold cavity of fixed volume having the form
of the_hollow shaped body to be formed therein, and
wherein the molten resininjected into said mold ini-
tially only partially fills said mold cavity.

3. A method as'in claim 1 wherein said mold com-
prises a female mold portion and a male mold portion
movable within said female mold portion to define
therein a mold cavity of variable volume, wherein the
molten resin injected into said mold initially fills said
mold cavity, and wherein the volume of said mold cav-
ity is increased on injection thereinto of gas under pres-

sure.

A A method for making a hollow shaped body from
a thermoplastic resin by injection moldln%, which
method comprises injecting an amount of molten resin
sufficient for the preparation of the hollow shaped body
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of the mold, whereby said hollow shaped body is
formed within said mold with a gas entry opening m
sad_hollow shaped body, injecting an amount of resin
sufficient to close said gas-entry opening in sad hollow
shaped body through said injection nozzle into said
injection aperture, cooling the hollow shaped resin
body so formed to a temperature beneath the softening
point of the resin, opening the interior of the hollow
shaped body to equalize the pressure therein with ambi-
ent pressure, and then opening said mold to remove Said
hollow shaﬁed body. _ o

5. A method as inclam 4 wherein the interior of the
hollow shaped body is opened to the ambient atmo-
sp_tgje[)e e(ljfter cooling ofthe resin by boring an apertnre in
said body.

6. A m):ethod asin claim 4 wherein said hollow shalped
hody is opened to the ambient atmosphere alter cooling
of the resin by piercing said body. ~ .

7. A method as in claim 4 wherein said mold defines
therein a mold cavity of fixed volume having the form
of the hollow shaped body to be formed therein, and
wherein the molten resin injected into sad mold ini-
tially only Fartlally_ fins said mold cavity,

8. A method asin claim 4 wherein said mold com-
prises a female mold portion and a male mold portion
movable within said female mold portion to' define
therein a mold cavity of variable volume, wherein the
molten resin injected into said mold initially fills said

from an injection nozzle into a mold through an injec- 30 mold cavity, and wherein the volume of said mold cav-

tion aperture in said mold, injecting gas under pressure
through said injection nozzlé and aperture_ to expand
and distribute the molten resin over the interior surfaces
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ity isincreased on injection thereinto of gas under pres-
sure.
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Program

1

Parameters
Clamping Force (bar)
Mold close (mm)
Mold safety stroke (mm)
Nozzle touching point (mm)
Max injection speed (mm/sec)
Max injection pressure (bar)
Metering stroke (mm)

Injection speed 1(mm/sec)

Injection stroke 1(mm)
Injection speed 2 (mm/sec)
Injection stroke 2 (mm)
Injection speed 3 (mm/sec)
Injection stroke 3 (mm)
Injection speed 4 (mm/sec)
Injection stroke 4 (mm)

Injection speed 5 (mm/sec)

Follow-up pressure stroke-dependent

Follow-up pressure stroke (mm)

Follow-up pressure time-dependent

Follow-up pressure time (sec)
Follow-up pressure 1(mm/sec)
Follow-up pressure Ltime (sec)
Follow-up pressure 2 (mm/sec)
Follow-up pressure 2 time (Sec)
Cooling time (sec)

Metering delay (sec)

Back pressure 1(bar)

Back pressure stroke 1(mm)
Back pressure 2 (bar)

Back pressure stroke 2 (mm)

Values
30
16.1
40
38.8
1
140

ol o1 o1 o

Program Parameters

9 Ejector forward speed 1(mm/sec)
Ejector forward stroke 1(mm)
Ejector forward pressure (bar)
Ejector forward speed 2 (mm/sec)
Ejector forward stroke 2 (mm)
Ejector shuttle stroke (mm)
Melt temperature zone 0 (°C)
Melt temperature zone 1 (°C)
Melt temperature zone 2 (°C)
Melt temperature zone 3(°C)

Melt cushion (mm)

Monomodule

Program Parameters
Delay time (sec)
Gas pressure (bar)

Gas hold time (sec)

131

Values
15
50
20
15

100
230
230
230

230
230

Values



210)

Program

Parameters
Metering speed 1(mm/sec)
Metering stroke 1(mm)
Metering speed 2 (mm/sec)
Metering stroke 2 (mm)
Nozzle back delay (sec)
Nozzle back speed (mm/sec)
Nozzle back pressure (bar)

Nozzle back stroke (mm)

Values
60
10
60
75
20
30
40

240

132



8o IR

& rer—-r~m88

SN HRwuwnsEs

gHiBmmuagw

VA ofiataicls

£

=)

é}ﬁl—ﬂbﬁbﬁbﬁbﬁbﬂbﬁbﬁb@bﬁbﬁbﬂbﬂbﬁbﬁbﬁ

=

B
Egaaaaaaaaaaaaaaaa

@ Gs

= QKKK L

@) CGefidine

(apleplepliesiesiesiepsiesiesliasiasiasliesl pllelp Jop)

@) Gsine

~—=

m) Dy

~—

[ R R [ I e e I I I e I I I I A I

oneigies It

Q M

éﬁﬁﬁ@@@@@@@@@@@@@@
=

H
g —AIM <trLOOM~coon QN MISHQQty



AH £ ISR LN

=
gaeeeaaaaeeaaeae

ESBIBBSESESE3ESIBLBB B8R

2
B
@gaaaaaaasaaaaaa
&8

()
£ coMBMBMMRRAKKAAA

@) Gsidoine

(aplaplaplapleplepleplieplepleplapleaplesliesies)

@) Gsine

~—=

m) Dy

~

SISSSISISISISSISISISISISSY

dindiges Jdt

Q W

Eﬁ@@@@@@@@@@@@@@

QARNNQAFQAQR QRIS

Nngofet Mt



AWIAINTalunIIng1ae
ChuLALONGKORN UNIVERSITY

135



Condition No. Volume Average  Min Max  Condition No. Volume Average  Min Max

1 1 47.6 34.2 32.7 35.7 b 1 28.9 28.9 28.5 29.4
2 417 2 29.6
3 274 3 28.5
4 21.1 4 29.3
5 27.6 5 28.9
b 27.4 b 28.3
2 1 174 18.6 16.8 20.5 T 1 30.0 30.2 30.0 30.5
2 19.2 2 30.6
3 16.8 3 30.6
4 17.0 4 30.1
5 19.9 5 30.1
b 21.4 b 30.1
3 1 9.3 9.5 8.2 10.9 8 1 22.2 214 20.6 22.2
2 8.9 2 19.8
3 11.8 3 216
4 9.3 4 21.9
5 8.3 5 216
b 9.0 b 21.2
4 1 9 1 32.5 32.9 32.5 33.4
2 2 33.6
3 3 33.2
4 4 33.0
5 5 331
b b 324
5 1 32.1 324 32.2 32.6 10 1 28.9 28.9 28.6 29.2
2 32.5 2 29.3
3 32.4 3 28.5
4 32.7 4 28.6
5 32.3 5 29.0

b 32.4 b 29.2



Condition No. Volume Average  Min Max  Condition No. Volume Average Min Max

1 1 33.2 32.6 32.1 33.2 16 1 33.1 33.0 32.6 33.4
2 32.8 2 33.1
3 32.7 3 33.0
4 324 4 334
5 317 5 32.9
b 33.1 6 32.2
12 1 30.1 30.1 29.8 30.4 1 1 32.6 32.6 32.1 33.0
2 29.7 2 32.1
3 29.9 3 33.2
4 30.1 4 32.6
5 30.4 5 32.1
b 30.4 b 33.0
13 1 28.9 37.8 374 38.2 18 1 34.1 32.6 32.1 33.0
2 28.5 2 33.6
3 28.4 3 33.6
4 29.5 4 33.8
5 28.5 5 33.5
b 29.1 b 34.0
14 1 21.0 26.2 25.2 21.1 19 1 32.3 35.3 33.8 36.8
2 25.0 2 36.0
3 254 3 35.7
4 25.9 4 36.2
5 274 5 35.6
b 26.2 b 36.1
15 1 211 219 20.3 23.5 20 1 31.0 30.5 30.1 30.8
2 21.8 2 30.5
3 22.2 3 29.8
4 20.1 4 30.5
5 24.8 5 30.7

b 20.9 b 30.4



Condition No. Volume Average  Min Max  Condition No. Volume Average Min Max

2 1 33.3 35.8 35.5 36.1 26 1 33.3 31.9 311 32.6
2 30.3 2 314
3 30.6 3 316
4 311 4 317
5 30.9 5 315
b 31.0 b 317
22 1 311 37.5 36.9 38.2 21 1 31.8 32.0 316 324
2 37.0 2 32.0
3 31.2 3 31.8
4 317 4 32.7
5 314 5 31.8
b 38.8 b -45.0
23 1 114 5.9 4.9 7.0 28 1 30.5 30.9 30.1 317
2 5.6 2 30.3
3 78 3 30.6
4 54 4 30.7
5 5.4 5 30.5
b 55 b 32.5
24 1 0.0 31.9 315 324 29 1 21.1 21.2 26.8 21.5
2 31.2 2 26.6
3 32.3 3 29.6
4 32.3 4 274
5 31.9 5 21.1
b 32.0 b 27.6
25 1 32.2 324 32.2 32.6 30 1 30.6 30.0 29.6 304
2 32.5 2 30.0
3 324 3 30.0
4 324 4 29.7
5 32.6 5 30.3

b 32.3 b 29.4



Condition No. Volume Average  Min Max

3 1 324 32.5 32.0 32.9
2 31.9
3 33.2
4 32.2
5 32.6
b 324
32 1 31.2 31.8 314 32.2
2 32.2
3 315
4 31.8
5 32.1

b 32.0



Cond.
1

Sect.

—_ o1 B~ W N

=~ o o

2.9
35
34
5.2
10.4
34
35
2.9
9.6
101
3.9
33
6.7
9.8
103

3.9
41
3.7
3.7
11.0
3.0
3.7
34
5.0
10.6

Left
6.5
6.5
51
10.7
16.0
5.8
6.6
6.4
16.1
16.0
113
6.6
108
157
16.0

6.6
6.6
55
6.7
15.9
54
6.4
53
9.5
15.9

(RWT)

Down

59
3.8
3.3
7.0
10.7
5.2
3.6
3.0
9.7
9.8
15
3.9
44
10.2
10.2

6.5
41
2.2
34
114
54
3.9
34
6.2
11.0

Right
5.6
34
38
7.0
164
55
35
46
16.1
163
10.8
41
119
15.9
16.3

51
3.7
41
31
161
48
34
3.9
47
163

Cond.
7

10

il

12

Sect,
1

=~ w

S L - N SO Y

= o o

2.9
3.7
35
5.2
111
3.0
35
34
7.2
8.8
2.9
37
31
50
12.0
2.9
37
35
47
105
31
3.6
35
51
111
2.8
3.7
3.7
5.2
10.0

Left
54
6.4
5.3
9.1
159
5.3
6.9
5.6
142
157
6.3
6.4
38
8.6
16.0
52
6.3
54
9.1
159
6.5
6.3
5.3
9.6
16.0
57
72
8.2
115
15.8

Down

55
38
34
59
116
49
3.8
3.3
55
7.1
6.3
39
3.3
47
122
47
4.0
35
6.0
111
5.6
4.0
34
57
114
4.6
39
3.3
7.6
104

Right
49
35
39
46
16.2
48
35
39
124
16.0
55
3.6
39
42
16.0
49
3.6
40
4.4
16.2
5.0
38
38
43
161
5.3
34
5.0
10.3
16.2
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Cond
13

14

15

16

17

18

2(

)

Sect.
1

Up
2.5
35
33
6.1
113
2.9
3.7
3.6
57
9.9
3.0
3.6
3.8
7.1
9.3
2.3
2.8
2.1
55
124
2.2
2.8
2.5
3.4
123
2.3
3.0
2.8
44
124

Left

6.6
5.2
9.4
16.0
57
6.5
55
11.0
159
55
6.7
57
137
15.9
4.5
44
37
8.1
16.1
44
4.7
3.7
6.4
16.2
4.6
4.7
41
7.4
16.1

(RWT)

Down
4.9
36
32
6.8
117
4.7
38
34
6.4
9.9
4.6
37
32
51
8.8
4.0
2.9
2.8
4.9
125
37
2.9
25
33
12.4
37
31
2.9
39
12.6

Right
5.0
33
3.7
32
16.2
5.1
36
3.9
8.9
16.2
5.1
35
3.9
11.6
15.8
4.4
2.8
3.0
4.9
16.1
39
2.1
28
3.0
16.1
43
2.9
3.0
35
16.2

Cond.
19

20

21

22

23

24

Sect.
1
2

2.6
2.9
2.7
35
125
3.0
38
3.6
4.9
11.0
3.5
3.8
3.5
4.8
10.8
3.0
38
3.4
3.1
3.9
41
4.7
6.0
10.6
10.8
41
4.4
4.0
38
7.9

Left
3.6
48
38
5.7
16.2
5.4
6.6
6.0
9.8
15.7
43
7.7
5.7
10.1
16.0
5.4
6.7
5.4
6.7
78
10.7
133
109
15.9
15.8
5.4
6.8
58
6.6
17

Down
35
31
2.7
34
12.6
43
4.0
34
54
11.8
34
4.0
33
4.8
113
4.0
38
31
31
33
8.9
9.4
5.7
113
111
4.2
43
37
33
8.6

Right
3.4
2.8
31
2.9
16.2
51
35
4.0
8.1
15.9
43
2.9
3.6
5.4
16.2
5.2
35
38
2.9
2.8
111
135
10.0
16.3
15.7
51
3.9
4.7
32
8.0

141



26

27

28

Up
43
4.6
4.2
3.1
6.6
3.0
3.1
3.4
4.9
12.0
2.9
3.6
2.9
51
12.0
2.9
3.1
3.6
51
11.6

Left
55
6.9
6.0
6.3
109
5.6
6.4
5.4
7.9
16.4
6.5
6.5
4.0
9.0
15.8
55
6.4
53
8.3
15.7

(RWT)

Down
43
4.4
4.0
33
8.4
41
38
33
4.6
12.2
52
3.9
2.6
4.6
12.3
4.2
39
33
5.2
121

Right
51
4.2
4.6
32
5.9
4.9
35
39
4.0
141
53
33
32
4.0
15.9
52
35
3.9
42
15.9

Cond.
29

30

3l

32

Sect.
1
2

2.9
3.6
3.6
5.6
10.1
3.0
37
3.6
53
119
2.4
2.9
2.7
4.8
12.0
2.8
3.1
3.5
4.9
12.0

Left
5.7
6.5
5.3
116
16.0
58
6.3
5.4
8.3
15.3
6.2
7.1
35
8.7
16.4
5.6
6.4
55
8.0
17.0

Down
43
3.9
33
72
10.6
45
3.9
33
55
12.0
4.8
2.9
2.6
4.4
12.3
4.2
38
33
45
12.3

Right
53
35
38
6.6
16.1
5.2
36
39
43
15.7
4.0
2.1
2.9
33
14.6
5.0
35
41
3.9
125

142



Cond.
1

Sect.
1

Up
0.5
0.7
0.9
2.6
2.5
0.9
2.1
2.7
33
2.8
1.6
19
3.5
3.0
2.6

0.5
0.4
0.5
0.5
18
05
0.6
0.8
2.0
2.3

(Sink Mark)

Left ~ Down
05 04
04 0.3
04 -0.1
0.2 19
0.2 21
0.4 14
0.2 15
-0.7 2.5
0.0 2.1
01 3.0
05 2.7
-0.6 L7
-0.7 33
0.2 2.3
01 2.6
04 0.0
05 -0.1
03 05
0.6 0.0
0.3 15
04 0.0
05 0.0
04 -0.2
0.4 11
0.2 19

Right
03
0.0
0.0
-0.1
-0.1
0.2
-0.2
-0.3
-0.3
0.1
0.5
-0.1
-0.2
-0.3
-0.1

03
0.0
0.5
01
0.1
03
0.1
0.4
-0.1
0.1

Cond.
7

10

1

12

Sect.
1
2
3

Up
03
0.2
0.5
13
17
16
38
3.3
5.0
3.9
0.3
0.1
0.1
0.4
0.9
0.5
0.9
1.0
2.0
2.3
03
0.7
0.4
13
17
0.4
0.2
0.5
13
14

Left
05
05
0.4
0.4
0.2
0.6
0.0
-0.4
-0.2
03
03
03
03
03
0.2
0.6
0.6
04
03
0.2
0.7
05
0.4
04
0.2
03
0.4
03
03
0.2

Down
-0.3
0.0
-0.1
0.6
13
2.2
24
2.3
4.4
4.2
0.0
0.0
0.0
0.2
0.6
0.0
0.2
0.3
12
17
-0.1
0.0
-0.2
0.6
14
-0.1
0.0
-0.1
0.7
12

Right
0.3
0.2
03
0.1
0.1
03
-0.5
0.0
-0.3
-0.1
03
0.1
0.2
0.1
0.2
05
03
0.4
-0.2
-0.1
0.4
0.2
0.4
0.0
0.0
0.2
0.0
0.2
0.1
0.1
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Cond.
13

14

15

16

17

18

Sect.

Up
05
0.9
11
2.6
2.1
0.5
2.3
18
33
2.8
14
2.4
31
4.6
3.3
0.2
01
01
0.2
05
03
0.2
0.2
0.2
0.6
0.3
0.2
03
0.2
0.5

(Sink Mark)

Left ~ Down
0.7 -0.2
04 0.2
05 -0.3
04 12
03 2.4
0.7 03
03 0.8
-0.1 0.6
01 2.6
01 2.8
0.6 1.0
0.1 21
-0.7 25
-0.2 4.1
0.2 3.2
0.2 0.0
0.2 01
0.1 0.0
0.2 0.0
0.2 05
01 0.0
0.2 0.0
0.1 01
01 01
0.1 05
0.1 0.0
0.2 0.0
0.1 01
0.1 0.0
0.2 04

Right

0.6

-0.1

0.4

-0.3

0.0
0.4

-0.1

0.2

-0.2
-0.1

0.7

0.1

0.0

0.1

0.1
0.1
0.1
0.1
0.0
0.2
0.1
0.0
0.2
0.0
0.3
0.2

-0.1

0.0
0.1
0.1

Cond.

19

20

21

22

23

24

Sect.

1

Up
03
0.2
0.2
0.2
05
05
0.6
0.7
16
21
0.2
0.7
0.9
2.3
2.6
0.3
0.1
0.5
0.2
1.0
18
2.7
3.2
2.3
2.6
0.1
0.1
0.0
0.0
0.9

Left
0.1
0.1
0.1
0.1
0.1
03
05
04
04
03
05
0.6
05
0.6
04
0.6
0.6
0.4
0.6
05
03
0.2
-0.5
03
0.4
05
05
03
05
0.4

Down

0.0
0.0
01
0.1
0.2

-0.1

0.1

-0.2

0.6
15

-0.2

01
0.4
15
2.4

-0.2

0.0

-0.2

0.1
03
2.2
2.1
3.0
19
2.4

-0.2
-0.1
-0.3
-0.1

0.6

Right

0.0
0.0
0.2
0.0
0.2
0.1

-0.4

0.2

-0.1

0.0
05
0.1
05
0.1
0.2
0.4
0.1
03
0.1
0.2
0.3

-0.2
-0.2
-0.2

0.0
0.3
0.2
0.4
0.1
0.3

144



Cond

26

27

28

Sect.

1
2

o~

N = o

0L
01
00
01
0.9
02
01
01
0.4
0.9

02
01
01
0.4
0.9
02
01
11
20

2.3

(Sink Mark)
Left Down
04 2
04 {2
02 03
05 1
03 06
o5 1
05 1
04 2
04— Q1
03 06
04 1
05 Al
03 4l
05 00
04 (6
06 02
05 Q1
05 06
05 18
04 22

Right
0.3
0.1
0.3
01
0.4
0.4
01
02
01
0.3
0.3
02
02
00
0.3
0.4
01
0.4
01
02

Cond.
29

30

3l

32

Sect.

0.3
13
15
2.8
2.6
0.2

-0.1

0.8
2.2
2.5
0.2
01
0.0
0.3
0.8
0.2
0.1
01
0.4
0.7

Left
08
03
08
0.1
0.2
0.6
0.7
0.1
0.7
08
03
0.4
03
0.4
0.2
0.4
0.4
0.4
04
03

Down

-0.1

1.0
11
18
2.2

-0.3
-0.2

0.3
18
2.2

-0.1
-0.1
-0.1

0.1
0.5

-0.1
-0.1
-0.2

0.1
0.7

Right

0.7

-0.1

0.2

-0.1

0.1
0.5
0.1
0.5
0.1
0.3
0.2
0.1
0.2
0.1
0.3
0.3
0.1

-0.3

0.2
0.4
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Condition  No.
1 1
2

3

4

5

6

2 1
2

3

4

5

6

3 1
2

3

4

5

6

4 1
2

o o1l B W NN -, o0 o Bw

Volume Average

2.630
2.622
2.626
2.220
2.214
2.212
3.866
2977
2.314
3.874
3.556
3.384
1728
2.151
2.152
1.483
0.989
2.479

"

1641
1.557
1552
1552
1.146
1.642

(Warpage)

2.000

3.329

1.830

1515

Min
1.775

2.730

1.289

1329

Max
2.225

3.928

2,372

1701

Condition  No.
6 1
2

3

4

5

6

7 1
2

3

4

5

6

8 1
2

3

4

5

6

9 1
2

3

4

5

6

10 1
2

3

4

5

6

Volume Average

2.048
2,043
2.126
1.720
1637
2131
1.644

1.643
1727
1.643
1560
0.231
0.475
0.323
0.155
0.474
0.083
1878
1.800
1470
1878
181
1.387
1149
1474
0.983
0.979
1.065
1.066

1951

1.643

0.290

1715

1119

Min
1.735

1.584

0.127

1.490

0.934

Max
2.167

1702

0.453

1.940

1.304
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A()
Condition  No.
il 1
2

3

4

5

0

Vi 1
2

3

4

5

0

13 1
2

3

4

5

0

14 1
2

3

4

5

0

15 1
2

3

4

5

0

Volume

1.537
1.231
1.557
1.148
1.146
1.555
2.935
3.201
2.056
2.799
2.878
2.874
1.966
2.128
1.874
1.557
1.875
1.803
2.129
2.768
2373
2.284
2452
2373
2.524
2.193
1.952

2.187
1791

(Warpage)
Average  Min
1362 1155
2.806  2.400
1867 1679
2397 2.184
2129 1851

Max
1.570

3.212

2.056

2,610

2408

Condition

16

17

18

19

No.

1

= w0 PO e o o

B~ W PN s o> o

SO O B O PO e O o RO N e O ot

Volume
2.525
2.128
2.312
2.458
2.458
2.051
2.615
2.369
2.537
2.125
2.697
2.214
2202
2.712
2.618
2.703
2.791
2.709
2.786
2.796
2.218
3.071
2.453
2.536
1.547
1299
1.456
1412
1.467
1.289

Average
2.332

2426

2.624

2.643

1412

Min
2.136

2.198

2415

2.341

1.311

Max
2.527

2.655

2.834

2.945

1.513

47



4() (Warpage)

Condition  No. Volume Average  Min Max  Condition No. Volume Average Min Max

21 1 2.865 3.006  2.757  3.255 26 1 1.387 1449 1243 1656
2 3.195 2 1.709
3 3.290 3 1214
4 2.194 4 1.697
5 3.193 5 1.299
b 2.699 b 1.391
22 1 1.884 2119 1.892  2.347 27 1 0.979 1211 0.983 1439
2 2.368 2 1.393
3 1.968 3 1.224
4 2.302 4 0.900
5 2.302 5 1.476
b 1.891 b 1.292
23 1 0.727 1087 0.689  1.485 28 1 1.387 1180 0.969  1.390
2 1.237 2 1.384
3 0.548 3 1132
4 1.315 4 1.300
5 1.065 5 0.896
b 1.631 b 0.979
24 1 0.894 0.462  0.078  0.846 29 1 1.536 1315 1.056 1574
2 0.000 2 1.635
3 0.083 3 1.140
4 0.408 4 1.462
5 0.489 5 1.057
b 0.897 b 1.060
25 1 0.655 0435 0259 0612 30 1 1.546 1341 1109 1.572
2 0.167 2 1.049
3 0.491 3 1.140
4 0.322 4 1.217
5 0.405 5 1.546

b 0.573 b 1.545



149

4( ) (Warpage)

Condition No. Volume Average Min Max

31 1 1.469 1.776 1.460  2.093
2 2.186
3 1.468
4 1.553
5 1.958
6 2.022
32 1 1.788 1.792 1.615  1.969
2 2.031
3 1.879
4 1781
5 1.787

6 1.489
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