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MEASURING APPARATUS OF BULK 
VISCOSITY OF MOLDING MATERIAL 

PRIORITY CLAIM AND CROSS - REFERENCE 

[ 0001 ] This application is a continuation of application 
Ser . No. 17 / 020,101 , filed Sep. 14 , 2020 , which claims the 
benefit of prior - filed provisional application with application 
No. 62 / 960,201 , filed Jan. 13 , 2020 , and the benefit of 
prior - filed provisional application with application No. 
62 / 960,206 , filed Jan. 13 , 2020. These disclosures are hereby 
incorporated by reference in their entirety . 

TECHNICAL FIELD 

be known accurately , using CAE may enable optimization of 
molding conditions and a stable molding of non - defective 
products . 
[ 0007 ] In plastics manufacturing , the actual flow of poly 
mer melts is transient , non - Newtonian and non - isothermal , 
with frozen layers building up as the complex mixture flows 
through the mold cavity . Characteristics of a finished prod a 
uct are determined by many complex factors , such as 
changes in the direction of flow , inclusion of ribs , and 
changes in thickness and holes . To control the quality of the 
products , a deep understanding of complicated flow fields is 
critical . Nowadays , CAE ( computer - aided engineering ) soft 
ware provides realistic simulation and predictive analysis for 
complex flows of complex fluids . 
[ 0008 ] The role of bulk viscosity or volume viscosity has 
been neglected for several decades in the molding flow 
analysis . This is because the flow of molten plastic in the 
filling stage is virtually divergence free . Despite the com 
pressional and non - divergence free flow in the packing 
holding stage , still the bulk viscosity has been ignored . 
[ 0009 ] This Discussion of the Background section is pro 
vided for background information only . The statements in 
this Discussion of the Background are not an admission that 
the subject matter disclosed in this section constitutes prior 
art to the present disclosure , and no part of this Discussion 
of the Background section may be used as an admission that 
any part of this application , including this Discussion of the 
Background section , constitutes prior art to the present 
disclosure . 

[ 0002 ] The present disclosure relates to a measuring appa 
ratus of a bulk viscosity of molding material , and more 
particularly , to a measuring apparatus of the bulk viscosity 
of molding material under different cooling rates and dif 
ferent mechanical pressures . 

DISCUSSION OF THE BACKGROUND 

SUMMARY 

[ 0003 ] Injection molding is a technology commonly used 
for high - volume manufacturing of parts made of synthetic 
resin , most commonly made of thermoplastic polymers . 
During a repetitive injection molding process , a plastic resin , 
most often in the form of small beads or pellets , is intro 
duced to an injection molding machine that melts the resin 
beads under heat , pressure , and shear . The resulting molten 
resin is forcefully injected into a mold cavity having a 
particular cavity shape . The injected plastic is held under 
pressure in the mold cavity , cooled , and then removed as a 
solidified part having a shape that essentially duplicates the 
cavity shape of the mold . 
[ 0004 ] A typical injection molding process comprises four 
basic operations : ( 1 ) heating the plastic in the injection 
molding machine to allow it to flow under pressure ; ( 2 ) 
injecting the melted plastic into a mold cavity or cavities 
defined between two mold halves that have been closed ; ( 3 ) 
allowing the plastic to cool and harden in the cavity or 
cavities while under pressure ; and ( 4 ) opening the mold 
halves to cause the part to be ejected from the mold . In the 
conventional injection molding of synthetic resin by an 
injection molding machine , the weight of the injected syn 
thetic resin varies with the molten resin pressure , the molten 
resin specific volume , the molten resin temperature or other 
molten resin conditions . Therefore , it is difficult to form 
products of a consistent quality . 
[ 0005 ] In general , the setting of molding conditions of the 
injection molding machine requires a large number of trial 
molding operations and a long setting time because the 
setting work greatly depends on the know - how and experi 
ence of an operator of the injection molding machine , and 
various physical values affect one another as well . 
[ 0006 ] Therefore , a virtual molding process , i.e. , com 
puter - implemented simulation , using CAE ( Computer - As 
sisted Engineering ) , is performed for the injection molding , 
and the molding conditions are then set based on the virtual 
molding . In virtual molding using CAE , phenomena will 
occur in a mold cavity within a short period of time . That is , 
the effects of resin temperature , pressure , shear rate , etc. on 
molded products can be simulated using CAE . Therefore , if 
the molding phenomena occurring within a mold cavity can 

[ 0010 ] One embodiment of the present disclosure provides 
a measuring apparatus of bulk viscosity . The measuring 
apparatus comprises a temperature - controlling cylinder hav 
ing a test chamber for holding a molding material and at 
least one piston configured to seal an opening of the tem 
perature - controlling cylinder . The temperature - controlling 
cylinder and the at least one piston are configured for 
measuring pressures , specific volumes and temperatures 
( PVT ) of the molding material by applying a plurality of 
cooling rates to the molding material inside the testing 
chamber under an isobaric environment , or applying a 
plurality of mechanical pressures to the molding material 
inside the testing chamber under an isothermal environment . 
The measuring apparatus further includes a process module 
configured for deriving a plurality of parameters in relation 
to the pressures , specific volumes and temperatures ( PVT ) 
of the molding material based on the measurement ; deriving 
an equilibrium pressure based on the plurality of parameters 
obtained from a first slowest cooling rate among the plural 
ity of cooling rates ; deriving a rate of volume change of the 
molding material according to the specific volumes ; and 
deriving a bulk viscosity of the molding material at least 
based on the rate of volume change and the equilibrium 
pressure . 
[ 0011 ] In some embodiments , wherein the piston is con 
figured to change a temperature in the testing chamber and 
change a pressure in the testing chamber so as to provide the 
plurality of cooling rates and the plurality of mechanical 
pressures to the process module . 
[ 0012 ] In some embodiments , the process module is con 
figured to derive the equilibrium pressure by the following 
expression : 

a 

a 
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PVTO PVT [ 0017 ] In some embodiments , the second slowest cooling 
rate is represented by the following expression : a 

N * slow 

û ( 0,1 , Q ) pyto = ( p , 7 ) equilibrium 
wherein û is a specific volume , o is a mechanical pressure , 
T is a temperature , Q is a cooling rate , p is the equilibrium 
pressure . 
[ 0013 ] In some embodiments , the process module is fur 
ther configured to : derive a plurality of control factors in 
relation to a pressure effecting on the molding material based 
on the first slowest cooling rate obtained from the plurality 
of parameters of the molding material ; and derive a plurality 
of control factors in relation to a cooling rate effecting on the 
molding material . 
[ 0014 ] In some embodiments , the process module derives 
the plurality of control factors in relation to the pressure by 
the following expressions : 

wherein N is a number substantially smaller than 1 . 
[ 0018 ] In some embodiments , the number is equal to 0.1 . 
[ 0019 ] In some embodiments , the process module mea 
sures the bulk viscosity based on the following expression : 

T - P 
-Ud = vu 

a 

( Tr ) slow = ar , P + bT , a 

= ( @m \ stow = Qml + ( Qmo – Qmi ) ( 1 + ( 2 , mP ) 2,5m . 
( @s ) stow = as1 + ( Q 50 – @ 31 ) ( 1 + ( 1 , p 2 ) " 
( ût ) slow = dot P + být 

wherein o is a mechanical pressure on the molding material , 
p is a calculated equilibrium pressure , and V - u is the rate of 
volume change . 
[ 0020 ] In some embodiments , the process module is fur 
ther configured to derive a volumetric coefficient of thermal 
expansion of the molding material in a solid state and a 
volumetric coefficient of thermal expansion of the molding 
material in a molten state . 
[ 0021 ] In some embodiments , the process module mea 
sures the specific volume of the molding material based on 
the following expression : 

? = , expCt , fa_ ( I ) dT ) 
wherein , is the specific volume of the molding material at 
a transition temperature , T is a temperature , T , is the tran 
sition temperature of the molding material , a , is a volumet 
ric coefficient of thermal expansion of the molding material . 
[ 0022 ] In some embodiments , the volumetric coefficient of 
thermal expansion of the molding material is represented by 
the following expression : 

Islo 

a 
a 

wherein ( T1 ) stow is a transition temperature under the first 
slowest cooling rate , ( azy btu ) are control factors in relation 
to the pressure under the transition temperature and the first 
slowest cooling rate , ( am ) siow is a volumetric coefficient of 
thermal expansion of the molding material in a molten state 
under the first slowest cooling rate , ( amo , Ami , ama nm ) are 
control factors in relation to the pressure effecting on the 
volumetric coefficient of thermal expansion in the molten 
state under the first slowest cooling rate , ( as ) slow is the 
volumetric coefficient of thermal expansion of the molding 
material in a solid state under the first slowest cooling rate , 
( aso , a?? , As , n ) are control factors in relation to the pressure 
effecting on the volumetric coefficient of thermal expansion 
in the solid state under the first slowest cooling rate , ( ù1 ) s?ow 
is a specific volume at the transition temperature under the 
first slowest cooling rate , ( dã , bæs ) are control factors in relation to the pressure effecting on the specific volume at 
transition temperature under the first slowest cooling rate . 
[ 0015 ] In some embodiments , the process module derives 
the plurality of control factors in relation to the cooling rate 
by the following expressions : 

T , = 9T , ( In ( Q ) -In ( Oslow ) ) + ( Tr ) slow 

' 
Om , if T > T , + AT 

am -as « , ( T , P , Q ) = { as + S ( T - ( T ; - AT ) ) , if T : - AT < T < T ; + AT 2AT 
Q's , if T < T , - AT 

= 

t 

am = lom „ ( In ( Q ) -In ( Osiow ) ) + ( @ m ) slow 

as = 9c , ( ln ( Q ) -In ( Qsiow ) ) + ( as ) slow 

wherein a , is the volumetric coefficient of thermal expan 
sion , T is a temperature , P is a pressure , Q is a cooling rate , 
Am is the volumetric coefficient of thermal expansion in the 
molten state , as is the volumetric coefficient of thermal 
expansion in the solid state , T , is the transition temperature , 
and AT is a control factor of the transition state . 
[ 0023 ] The foregoing has outlined rather broadly the fea 
tures and technical advantages of the present disclosure in 
order that the detailed description of the disclosure that 
follows may be better understood . Additional features and 
advantages of the disclosure will be described hereinafter , 
and form the subject of the claims of the disclosure . It should 
be appreciated by those skilled in the art that the conception 
and specific embodiment disclosed may be readily utilized 
as a basis for modifying or designing other structures or 
processes for carrying out the same purposes of the present 
disclosure . It should also be realized by those skilled in the 
art that such equivalent constructions do not depart from the 
spirit and scope of the disclosure as set forth in the appended 
claims . 

0 , = slow expr . ( a , m ) stowdT - S7,1d7 ) 
wherein qty is the control factor in relation to the cooling rate 
at a transition temperature , qam is the control factor in 
relation to the cooling rate effecting on a volumetric coef 
ficient of thermal expansion in a molten state of the molding 
material , Las is the control factor in relation to the cooling 
rate effecting on the volumetric coefficient of thermal expan 
sion in a solid state of the molding material , Oslow is the first 
slowest cooling rate , Tm is an extreme high temperature that 
cooling rate effect can be neglected . 
[ 0016 ] In some embodiments , the process module is fur 
ther configured to select a second slowest cooling rate based 
on the first slowest cooling rate . 

BRIEF DESCRIPTION OF THE DRAWINGS 

[ 0024 ] Aspects of the present disclosure are best under 
stood from the following detailed description when read 
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a 

with the accompanying figures . It is emphasized that , in 
accordance with the standard practice in the industry , vari 
ous features are not drawn to scale . In fact , the dimensions 
of the various features may be arbitrarily increased or 
reduced for clarity of discussion . 
[ 0025 ] FIG . 1 is a schematic view of an injection - molding 
apparatus 10 in accordance with some embodiments of the 
present disclosure ; 
[ 0026 ] FIG . 2 is a functional block diagram of the com 
puter in FIG . 1 ; 
[ 0027 ] FIG . 3 is a perspective view of a measuring appa 
ratus 300 in accordance with some embodiments of the 
present disclosure ; 
[ 0028 ] FIG . 4 is a schematic cross - sectional view of the 
measuring apparatus 300 of FIG . 3 ; 
[ 0029 ] FIG . 5 is a flow chart illustrating a method S400 of 
deriving a bulk viscosity of a molding material in accor 
dance with some embodiments of the present disclosure ; 
( 0030 ] FIG . 6 is a graph showing variation of specific 
volumes of the molding material under various temperatures 
in accordance with some embodiments of the present dis 
closure ; 
[ 0031 ] FIG . 7 is a graph showing variation of specific 
volumetric coefficients of thermal expansion of the molding 
material under various temperatures in accordance with 
some embodiments of the present disclosure ; 
[ 0032 ] FIG . 8 is a graph showing variation of specific 
volumes of the molding material under various temperatures 
in accordance with some embodiments of the present dis 
closure ; 
[ 0033 ] FIG . 9 is a graph showing variation of bulk vis 
cosities of the molding material under various temperatures 
with change of cooling rate in accordance with some 
embodiments of the present disclosure ; 
[ 0034 ] FIG . 10 is a graph showing variation of bulk 
viscosities of the molding material under various tempera 
tures with change of mechanical pressure in accordance with 
some embodiments of the present disclosure ; and 
[ 0035 ] FIG . 11 is a graph showing variation of bulk 
viscosities of the molding material under rate of volume 
changes in accordance with some embodiments of the 
present disclosure . 

a 

closure does not limit special details known by persons 
skilled in the art . In addition , known structures and steps are 
not described in detail , so as not to limit the present 
disclosure unnecessarily . Preferred embodiments of the 
present disclosure will be described below in detail . How 
ever , in addition to the detailed description , the present 
disclosure may also be widely implemented in other 
embodiments . The scope of the present disclosure is not 
limited to the detailed description , and is defined by the 
claims . 

[ 0039 ] The present disclosure provides a method for deriv 
ing a bulk viscosity of a molding material , wherein such 
method can facilitate a precise evaluation of variation of 
density and volume of the molding material . The bulk 
viscosity of the molding material can be considered during 
simulation . Therefore , an amount of volume change of the 
molding material can be accurately simulated . 
[ 0040 ] FIG . 1 is a schematic view of an injection - molding 
apparatus 10 in accordance with some embodiments of the 
present disclosure . Referring to FIG . 1 , the injection - mold 
ing apparatus 10 that can be used to carry out an injection 
molding process includes a molding machine 20 , a mold 30 , 
a clamping assembly 40 and a computer 50. The molding 
machine 20 includes a barrel 210 having a downstream end 
212 connected to the mold 30. The mold 30 includes mold 
halves 310 and 320 to define a mold cavity 330 and a runner 
340 in communication with the mold cavity 330 . 
[ 0041 ] The clamping assembly 40 is in operative connec 
tion with the mold 30 for clamping the mold halves 310 and 
320. In some embodiments , the clamping assembly 40 
includes a fixed plate 410 , a plurality of tie bars 420 mounted 
on the fixed plate 410 , and a moving plate 430 slidably 
engaged with the tie bars 420 and guided by a driving 
cylinder 440. The mold half 310 proximal to the barrel 210 
is secured on the fixed plate 410 , and the mold half 320 distal 
to the barrel 210 is secured on the moving plate 430 in any 
suitable manner , wherein the driving cylinder 440 drives the 
moving plate 430 to open or close the mold 30. In some 
embodiments , the barrel 210 includes a nozzle 2102 adapted 
to engage a sprue 450 in the fixed plate 410. In some 
embodiments , the sprue 450 is in communication with the 
runner 340 as the mold half 310 is assembled with the fixed 
plate 410. In some embodiments , the fixed plate 410 may be 
equipped with a sprue bushing 452 including the sprue 450 
and receiving the nozzle 2102 during an injection time . A 
molding material 100 under pressure is delivered to the 
sprue bush 452 from the nozzle 2102 pressed tightly against 
the sprue bush 452 in order to deliver the molding material 
100 to the sprue 450 during a filling stage of the injection 
time . 

[ 0042 ] In some embodiments , the clamping assembly 40 
further includes an ejector plate 460 mounted with at least 
one ejector pin ( not shown ) , wherein the moving plate 430 
is disposed between the fixed plate 410 and the ejector plate 
460. In some embodiments , the ejector plate 460 is fixed on 
one of the plurality of tie bars 420. In some embodiments , 
the driving cylinder 440 penetrates the ejector plate 460 and 
directly connects to the moving plate 430 to open or close 
the mold 30. After the mold halves 310 and 320 are 
separated ( i.e. , the mold 30 is opened ) , a distance between 
the moving plate 430 and the ejector plate 460 is reduced , so 
the ejector pin can penetrate through the ejector plate 460 to 
push a molded product out of the mold 30 . 

a 

DETAILED DESCRIPTION 

> 

[ 0036 ] The following description of the disclosure accom 
panies drawings , which are incorporated in and constitute a 
part of this specification , and illustrate embodiments of the 
disclosure , but the disclosure is not limited to the embodi 
ments . In addition , the following embodiments can be 
properly integrated to complete another embodiment . 
[ 0037 ] References to " one embodiment , " " an embodi 
ment , ” " exemplary embodiment , " " other embodiments , " 
“ another embodiment , ” etc. indicate that the embodiment ( s ) 
of the disclosure so described may include a particular 
feature , structure , or characteristic , but not every embodi 
ment necessarily includes the particular feature , structure , or 
characteristic . Further , repeated use of the phrase “ in the 
embodiment " does not necessarily refer to the same embodi 
ment , although it may . 
[ 0038 ] The present disclosure is directed to a method for 
deriving a bulk viscosity of a molding material . In order to 
make the present disclosure completely comprehensible , 
detailed steps and structures are provided in the following 
description . Obviously , implementation of the present dis 
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[ 0043 ] A screw 220 is mounted for moving within the 
barrel and is operably connected , at an upstream end 214 
opposite to the downstream end 212 of the barrel 210 , to a 
driving motor 230. The molding machine 20 processes 
material , such as plastic granules 102 , by feeding the mate 
rial through a hopper 240 to the barrel 210 in order to make 
the material soft and force the molding material 100 into the 
mold 30 by the use of the screw 220 , wherein the phase of 
the plastic granules 102 is changed from solid to liquid by 
at least one heater band 250 surrounding the barrel 210. In 
some embodiments , the molding machine 20 further 
includes a check valve 260 mounted on the screw 220 , 
wherein the check valve 260 is in tight contact with the 
barrel 210 during the filling stage , and the check valve 260 
is open for allowing the liquid material to flow to the 
downstream end 212 of the barrel 210 during a packing 
stage . In some embodiments , if the mold cavity 330 is 
almost filled with the molding material 100 , a packing 
process proceeds . In some embodiments , the screw 220 
rotates and moves toward the upstream end 214 of the barrel 
210 during the packing stage . 
[ 0044 ] The injection - molding apparatus 10 further 
includes a controller 270 for controlling and monitoring the 
real - time functions of the molding machine 20 , and a display 
280 for displaying data related to the performance and 
operation of the molding machine 20 to on - site technicians . 
In some embodiments , the display 280 is further configured 
to accept input data from the on - site technicians . In other 
words , the display 280 is provided with a communications 
link directly with the controller 270 to provide real - time 
control of the molding machine 20 by the on - site technicians 
particularly where the on - site technicians ' intervention is 
required . 
[ 0045 ] In some embodiments , the injection - molding appa 
ratus 10 can further include operation interface communi 
cation links among the controller 270 , the display 280 and 
peripheral devices , and a program sequence of operation 
which allows the operation interface to monitor diagnostic 
functions of the controller 270 and the molding machine 20 , 
trigger sound and / or light alarms regarding conditions of the 
molding machine 20 , receive performance data from the 
molding machine 20 , and receive input data from the display 
280 . 

[ 0046 ] The computer 50 is associated with the molding 
machine 20 and is configured to execute simulation software 
and transmit at least one simulation result to the controller 
270 through a connection such as a hard wire connection or 
a wireless coupling . In some embodiments , the computer 50 
includes a standardized operation system capable of running 
general - purpose application software for assisting with the 
analysis of process performance data and for communicating 
with the controller 270 and the display 280 via communi 
cation ports of each . 
[ 0047 ] FIG . 2 is a functional block diagram of the com 
puter 50 in FIG . 1. Referring to FIG . 2 , the computer 50 
includes a processing module 510 such as a processor 
adapted to perform a computer - implemented simulation 
method for use in molding process such as injection mold 
and compress molding , an input / output ( I / O ) interface 520 
electrically coupled to the processing module 510 , and 
memories , which may include a read - only memory ( ROM ) 
530 , a random access memory ( RAM ) 540 and a storage 

device 550. The ROM 530 , the RAM 540 and the storage 
device 550 are communicatively coupled to the processing 
module 510 . 
[ 0048 ] The computer 50 further includes a communication 
port 560 associated with the controller 270 of the molding 
machine 20. The computer 50 may further include one or 
more accompanying input / output devices including a dis 
play 570 , a keyboard 580 and one or more other input 
devices 590. The input devices 590 may include a card 
reader , an optical disk drive or any other device that allows 
the computer 50 to receive input from the on - site techni 
cians . In some embodiments , the input devices 590 are 
configured to input computer instructions ( software algo 
rithms ) stored in a non - transitory computer - readable 
medium 500 , and the processing module 510 is configured 
to execute operations for performing a computer - imple 
mented molding simulation method according to the com 
puter instructions . In some embodiments , the processing 
module 510 reads software algorithms from the other input 
device 590 or the storage device 550 , executes the calcula 
tion steps , and stores the calculated result in the RAM 540 . 
[ 0049 ] During the injection molding process , shrinkage 
rate and warpage rate are critical variables , which can be 
predicted from a relationship among pressure P , specific 
volume V , and temperature T ( known as the PVT properties ) 
of the molding material 100. In some embodiments , prior to 
the performance of the injection molding process , a mea 
suring apparatus 300 is used for obtaining the PVT proper 
ties of the molding material 100 . 
[ 0050 ] FIG . 3 is a schematic perspective view of the 
measuring apparatus 300 in accordance with some embodi 
ments of the present disclosure , and FIG . 4 is a schematic 
cross sectional view of the measuring apparatus 300. In 
some embodiments , the measuring apparatus 300 is config 
ured to measure a volumetric variation of a molding material 
100 under different temperatures and pressures . In some 
embodiments , the measuring apparatus 300 is configured to 
obtain relationships among pressure P , specific volume V 
and temperature T ( known as PVT properties ) of the mold 
ing material 100. When measuring the PVT properties of the 
molding material 100 , the volumetric variation of the mold 
ing material 100 is measured under isobaric or isothermal 
conditions provided by the measuring apparatus 300 . 
[ 0051 ] In some embodiments , the measuring apparatus 
300 includes a temperature - controlling cylinder 106 , an 
upper piston 102 , and a lower piston 108 having heating 
wires 113 , wherein the temperature - controlling cylinder 106 
has an annular cooling channel 301 surrounding the lower 
piston 108. Referring to FIG . 4 , the temperature - controlling 
cylinder 106 , the upper piston 102 , and the lower piston 108 
can be assembled together generally along an axial direction 
D1 . During a measuring process , a top opening of the 
temperature - controlling cylinder 106 is sealed by the upper 
piston 102 , and a bottom opening of the temperature 
controlling cylinder 106 is sealed by the lower piston 108 . 
[ 0052 ] In some embodiments , a testing chamber 110 is 
formed in the temperature - controlling cylinder 106 , wherein 
the testing chamber 110 has a longitudinal length in the axial 
direction D1 . In some embodiments , the longitudinal length 
is measured from the top to the bottom of the testing 
chamber 110 , wherein the longitudinal length is the length of 
a space which is able to contain the molding material 100 
being measured in the testing chamber 110. In some embodi 
ments , the testing chamber 110 is configured to contain and 
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keep the molding material 100 in a specific environment , for 
examples , an isobaric environment or an isothermal envi 
ronment during the measurement process . 
[ 0053 ] In some embodiments , under the measurement 
process , the lower piston 108 applies a pressure on the 
molding material 100 inside the testing chamber 110 to 
provide an isobaric environment , in which the pressure P is 
fixed , in the testing chamber 110. Under the isobaric envi 
ronment , the relationship between the specific volume V and 
the temperature T of the molding material 100 can be 
obtained by changing the temperature T in the testing 
chamber 110. In some embodiments , an isothermal environ 
ment , in which the temperature T is fixed , is provided in the 
testing chamber 110. Under the isothermal environment , the 
relationship between the specific volume V and the pressure 
P of the molding material 100 can be obtained by changing 
the pressure P with the lower piston 108 . 
[ 0054 ] As discussed above , the injection molding process 
may be simulated prior to actual injection of the molding 
material . In other words , a polymeric article can be manu 
factured after the simulation of the injection molding pro 
cess . In some embodiments , the bulk viscosity of the mold 
ing material is derived and then subsequently utilized during 
simulation of the injection molding process . Therefore , an 
amount of volume change of the molding material during the 
actual manufacturing can be accurately simulated . 
[ 0055 ] FIG . 5 is a flow chart of a method S400 for deriving 
the bulk viscosity of the molding material 100. In some 
embodiments , the bulk viscosity of the molding material 100 
derived by the method S400 can be used in the injection 
molding process implemented by the injection molding 
apparatus 10 as described above or illustrated in FIGS . 1 and 
2. In some embodiments , the method S400 comprises a step 
S401 of deriving several parameters in relation to pressures , 
specific volumes and temperatures ( PVT ) of the molding 
material 100 under various cooling rates and various 
mechanical pressures ; a step S402 of deriving an equilib 
rium pressure based on the parameters obtained from a first 
slowest cooling rate among various cooling rates ; a step 
S403 of deriving a rate of volume change of the molding 
material 100 ; and a step S404 of obtaining a bulk viscosity 
of the molding material 100. The following describes an 
exemplary process flow of the method S400 in accordance 
with various embodiments of the present disclosure . 
[ 0056 ] In the step S401 , several parameters in relation to 
pressures , specific volumes and temperatures ( PVT ) of the 
molding material 100 under various cooling rates and vari 
ous mechanical pressures are derived . In some embodi 
ments , the parameters can be derived by a predetermined 
cooling approach or model . In some embodiments , the 
parameters are derived based on measurement of the mold 
ing material 100 under various conditions such as under 
various cooling rates and various mechanical pressures . In 
some embodiments , measurement of the molding material 
100 is performed by the measuring apparatus 300 as 
described above or illustrated in FIGS . 3 and 4. In some 
embodiments , the measuring apparatus 300 can provide 
various conditions for the molding material 100 during the 
measurement . 
[ 0057 ] In some embodiments , the specific volume of the 
molding material 100 is measured under various conditions 
such as different pressures and / or different temperatures , so 
that the pressure - specific volume - temperature ( PVT ) prop 
erties of the molding material 100 can be derived based on 

the measurement . In some embodiments , the molding mate 
rial 100 is measured under various cooling rates and / or 
mechanical pressures . As a result , a graph showing the PVT 
properties of the molding material 100 under various cooling 
rates and mechanical pressures is obtained . 
[ 0058 ] FIG . 6 is an exemplary graph showing the PVT 
properties of the molding material 100 under various cooling 
rates and mechanical pressures . In some embodiments as 
shown in FIG . 6 , the PVT properties of the molding material 
100 under three different cooling rates and three different 
mechanical pressures are obtained . As such , a total of nine 
solid lines can be plotted in the graph of FIG . 6. Although 
only nine solid lines are plotted in the graph of FIG . 6 , it can 
be understood that the number of the solid lines can be 
adjusted as desired . Further , it can be understood that as 
more measurements are performed , more data can be col 
lected and thus more solid lines can be plotted , and subse 
quently the bulk viscosity of the molding material 100 can 
be derived more accurately by the method S400 . 
[ 0059 ] In some embodiments as shown in FIG . 6 , variation 
of specific volumes V of the molding material 100 under 
various temperatures T at a predetermined cooling rate and 
a predetermined mechanical pressure are derived based on 
measurements . In some embodiments , a first group 501 of 
three solid lines shows the variation of the specific volume 
V of the molding material 100 under various temperatures T 
at three different cooling rates and a first mechanical pres 
sure , a second group 502 of three solid lines shows the 
variation of the specific volume of the molding material 100 
under various temperatures at three different cooling rates 
and a second mechanical pressure , and a third group 503 of 
three solid lines shows the variation of the specific volume 
of the molding material 100 under various temperatures at 
three different cooling rates and a third mechanical pressure . 
[ 0060 ] In some embodiments , the first mechanical pres 
sure is substantially less than the second mechanical pres 
sure and the third mechanical pressure . In some embodi 
ments , the third mechanical pressure is substantially greater 
than the first mechanical pressure and the second mechanical 
pressure . In some embodiments , the first mechanical pres 
sure is the lowest pressure , and the third mechanical pressure 
is the highest pressure . 
[ 0061 ] In some embodiments as shown in FIG . 6 , an 
uppermost line 501a of the first group 501 shows the 
variation of the specific volume of the molding material 100 
under various temperatures at a first cooling rate and the first 
mechanical pressure , a middle line 501b of the first group 
501 shows the variation of the specific volume of the 
molding material 100 under various temperatures at a sec 
ond cooling rate and the first mechanical pressure , 
lowermost line 501c of the first group 501 shows the 
variation of the specific volume of the molding material 
under various temperatures at a third cooling rate and the 
first mechanical pressure . 
[ 0062 ] In some embodiments , the first cooling rate is 
substantially faster than the second cooling rate and the third 
cooling rate . In some embodiments , the third cooling rate is 
substantially slower than the first cooling rate and the second 
cooling rate . In some embodiments , the first cooling rate is 
the fastest cooling , and the third cooling rate is the slowest 
cooling . 
[ 0063 ] Similarly , the second group 502 shows the varia 
tion of the specific volume of the molding material under 
various temperatures at three different cooling rates and the 
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[ 0068 ] In some embodiments , after obtaining the volumet 
ric coefficient of thermal expansion of the molding material 
100 , the volumetric coefficient of thermal expansion of the 
molding material 100 is integrated , and as a result , variation 
of the specific volumes of the molding material 100 at 
various temperatures can be derived . In some embodiments , 
the volumetric coefficient of thermal expansion of the mold 
ing material 100 as shown in FIG . 7 is integrated to derive 
the specific volume ( ) of the molding materials 100 as 
shown in FIG . 8. In some embodiments , the solid line in 
FIG . 8 is a continuous line . 
[ 0069 ] In some embodiments , the specific volume of the 
molding materials 100 is expressed by the following equa 
tion ( 2 ) : 

second mechanical pressure , and the third group 503 shows 
the variation of the specific volume of the molding material 
under various temperatures at three different cooling rates 
and the third mechanical pressure . In other words , an 
uppermost line of each group shows the variation of the 
specific volume of the molding material 100 under various 
temperatures at the fastest cooling rate , while a lowermost 
line of each group shows the variation of the specific volume 
of the molding material 100 under various temperatures at 
the slowest cooling rate . 
[ 0064 ] Further , a graph showing volumetric coefficient of 
thermal expansion Q ,, under various temperatures can be 
derived from the graph showing the PVT properties of the 
molding material 100 under various cooling rates and 
mechanical pressures . In some embodiments , the volumetric 
coefficient of thermal expansion a , of the molding material 
100 corresponds to gradients of the variation of the specific 
volume of the molding materials 100. Therefore , in some 
embodiments based on the graph of FIG . 6 , a total of nine 
graphs showing the volumetric coefficient of thermal expan 
sion ( a ) of the molding material 100 under various tem 
peratures can be derived . 
[ 0065 ] FIG . 7 is an exemplary graph derived from one of 
the solid lines in the graph of FIG . 6. In some embodiments , 
a solid line in the graph of FIG . 7 corresponds to gradients 
of one of the solid lines in the graph of FIG . 6. In some 
embodiments , the solid line in the graph of FIG . 7 can be 
divided into three sections 601 , 602 , 603. In some embodi 
ments , a first section 601 represents a constant volumetric 
coefficient of thermal expansion of the molding material 100 
in a solid state ( referred as as ) , a second section 602 
represents a varying volumetric coefficient of thermal 
expansion of the molding material 100 in a transition state , 
and a third section 603 represents a constant volumetric 
coefficient of thermal expansion of the molding material 100 
in a molten state ( referred as am ) . 
[ 0066 ] In some embodiments , the volumetric coefficient of 
thermal expansion in the solid state as is substantially less 
than the volumetric coefficient of thermal expansion in the 
molten state am . In some embodiments , the volumetric 
coefficient of thermal expansion of the molding material 100 
varies within a transition temperature range . In some 
embodiments , the transition temperature range is dependent 
on a control factor AT and therefore is defined as the 
transition temperature Tt plus or minus the control factor AT . 
[ 0067 ] In some embodiments , the volumetric coefficient of 
thermal expansion a , of the molding material 100 is 
expressed by the following equation ( 1 ) : 

t 

a 

Q = , exp ( 1,0 ( I ) dT ) ( 2 ) 

where v is the specific volume of the molding material 100 , 
Ñ ,, is the specific volume at the transition temperature , T is 
temperature , T , is the transition temperature of the molding 
material 100 , and a , is the volumetric coefficient of thermal 
expansion of the molding material 100 . 
[ 0070 ] Therefore , several parameters in relation to pres 
sures , specific volumes and temperatures ( PVT ) of the 
molding material 100 under various cooling rates and vari 
ous mechanical pressures are derived based on the measure 
ment . In some embodiments , the transition temperature T , 
the specific volume at the transition temperature Ñ the 
volumetric coefficient of thermal expansion in the solid state 
as , and the volumetric coefficient of thermal expansion in 
the molten state amare derived . In some embodiments , each 
of the solid lines plotted in the graph of FIG . 6 can be used 
to derive the transition temperature T1 , the specific volume 
at the transition temperature V ,, the volumetric coefficient of 
thermal expansion in the solid state as , and the volumetric 
coefficient of thermal expansion in the molten state am from 
the graphs of FIGS . 7 and 8 . 
[ 0071 ] In some embodiments , several control factors in 
relation to pressure effecting on the molding material 100 are 
derived . In some embodiments , the control factors in rela 
tion to pressure are derived based on the transition tempera 
ture T ,, the specific volume at the transition temperature ve 
the volumetric coefficient of thermal expansion in the solid 
state As , and the volumetric coefficient of thermal expansion 
in the molten state am derived from the step S401 . 
[ 0072 ] In some embodiments , the transition temperature 
T? , the specific volume at the transition temperature vo the 
volumetric coefficient of thermal expansion in the solid state 
as , and the volumetric coefficient of thermal expansion in 
the molten state am under a first slowest cooling rate Qstow 
are taken . In other words , the PVT properties of the molding 
material 100 under the first slowest cooling rate Osiow are 
obtained . In some embodiments , the control factors in 
relation to pressure under the first slowest cooling rate ( slow 
can be derived from the following set of expressions ( 3 ) : 

1 

Q , ( T , P , Q ) = ( 1 ) slor 

o'm , if T > T : + AT 
am -a's ( T – ( T - AT ) ) , if T : -AT < T < T ; + AT 2?? 

if T < T -AT 

as + 

?? ??? 

( T1 ) slow = at ; P + bT ( 3 ) 

( am ) slow 
ng - 

where a , is the volumetric coefficient of thermal expansion , 
T is temperature , P is pressure , Q is cooling rate , Am is the 
volumetric coefficient of thermal expansion in the molten 
state , a , is the volumetric coefficient of thermal expansion in 
the solid state , T , is the transition temperature , and AT is a 
control factor of the transition state . 

( as ) s?ow 

= Qml + ( amo – Omi ) ( 1 + ( 2.mp33 ) and 
= Qg1 + ( Qs0 - ( si ) ( 1 + ( Asp ) 2 ) 2 ? 

( ?r ) slow = a + P + bv Vt 
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where ( T1 ) siow is the transition temperature under the first 
slowest cooling rate , ( ato bit ) are control factors in relation 
to the pressure under the transition temperature and the first 
slowest cooling rate , ( am slow is the volumetric coefficient of 
thermal expansion in the molten state under the first slowest 
cooling rate , ( amo , Ami , ama nn ) are control factors in 
relation to the pressure effecting on the volumetric coeffi 
cient of thermal expansion in the molten state under the first 
slowest cooling rate , ( as ) siow is the volumetric coefficient of 
thermal expansion in the solid state under the first slowest 
cooling rate , ( aso , ds19 às , n ) are control factors in relation 
to the pressure effecting on the volumetric coefficient of 
thermal expansion in the solid state under the first slowest 
cooling rate , û v slow is the specific volume at the transition 
temperature under the first slowest cooling rate , ( am , bw ) are 
control factors in relation to the pressure effecting on the 
specific volume at the transition temperature under the first 
slowest cooling rate . 
[ 0073 ] In some embodiments , several control factors in 
relation to the cooling rate effecting on the molding material 
100 are derived . In some embodiments , the control factors in 
relation to the cooling rate are derived based on the transi 
tion temperature Ty , the specific volume at the transition 
temperature V , the volumetric coefficient of thermal expan 
sion in the solid state as , and the volumetric coefficient of 
thermal expansion in the molten state am derived in the step 
S401 . In some embodiments , the control factors in relation 
to the cooling rate can be derived from the following set of 
expressions ( 4 ) : 

T = 97 , ( In ( Q ) -In ( Qslow ) ) + ( To ) slow 

ments , the equilibrium pressure p is derived based on the 
parameters obtained from the second slowest cooling rate , 
the equilibrium cooling rate or the like . In some embodi 
ments , the equilibrium pressure p is derived by the following 
expression ( 6 ) 

( 0,1 , Q ) pyre ( p , T ) equilibrium PVT ( 6 ) 

where v is specific volume , o is mechanical pressure , T is 
temperature , Q is cooling rate , and p is equilibrium pressure . 
[ 0077 ] In some embodiments , the equilibrium pressure p 
is derived from the specific volume under a predetermined 
mechanical pressure , a predetermined temperature and a 
predetermined cooling rate . In some embodiments , the equi 
librium pressure p can be derived based on the above 
expression ( 6 ) and the equilibrium cooling rate Qeq . In some 
embodiments , the equilibrium pressure p can be derived 
since the specific volume , the temperature and the cooling 
rate can be obtained based on the graphs of FIGS . 6 to 8. In 
some embodiments , equilibrium PVT describes an equilib 
rium volume of the molding material 100. When the mold 
ing material 100 is under a very slow cooling rate ( e.g. the 
first slowest cooling rate Oslow , the equilibrium cooling rate 
leg . , the second slowest cooling rate , or the like ) , molecular 
chain of the molding material 100 has sufficient time to 
reach equilibrium state . As a result , the equilibrium volume 
of the molding material 100 is unrelated to a cooling rate Q. 
In contrast , when the molding material 100 is under a fast 
cooling rate Q ( e.g. faster than the first slowest cooling rate 
Oslow , the equilibrium cooling rate leg . or the second slow 
est cooling rate ) , molecular chain of the molding material 
100 has insufficient time to reach equilibrium state . As a 
result , a disequilibrium volume of the molding material 100 
is related to a cooling rate Q , and the molding material 100 
is described by dynamic PVT ( PVTQ ) . 
[ 0078 ] In step 403 , a rate of volume change Vu of the 
molding material 100 is derived . In some embodiments , the 
rate of volume change Vu is obtained based on the specific 
volume obtained from the graph of FIG . 8. In some embodi 
ments , the rate of volume change V - u is obtained under a 
predetermined specific volume and a predetermined tem 
perature . 
[ 0079 ] In step 404 , a bulk viscosity ” a is obtained . In some 
embodiments , the bulk viscosity Ma is calculated by the 
following expression ( 7 ) : 

1 

am = lan ( ln ( Q ) -In ( Qsiow ) ) + ( am ) slow 

Qg = 9ag ( ln ( Q ) -In ( slow ) ) + ( as ) slow 
Tm 

1t 

- P 
vou 

( 7 ) -Md = 

V = CÊ ) slow exp ( -1,7m ( Qm ) s?ondT - S1,5mQdI ) 
where ??? is the control factor in relation to the cooling rate 
at the transition temperature , Lam is the control factor in 
relation to the cooling rate effecting on the volumetric 
coefficient of thermal expansion in the molten state , qos is 
the control factor in relation to the cooling rate effecting on 
the volumetric coefficient of thermal expansion in the solid 
state , and Tm is the extreme high temperature that cooling 
rate effect can be neglected ( i.e. the cooling rate effect is 
negligible when a temperature is higher than or equal to the 
extreme high temperature Tm ) . 
[ 0074 ] In some embodiments , a second slowest cooling 
rate is selected based on the first slowest cooling rate Qstow 
and is defined as an equilibrium cooling rate leg . In some 
embodiments , the equilibrium cooling rate Qeq is repre 
sented by the following expression ( 5 ) : 

leqN * Qslow ( 5 ) 

where N is a number substantially smaller than 1 . 
[ 0075 ] In some embodiments , N is equal to 0.1 . In some 
embodiments , the equilibrium cooling rate Qeq is a hypo 
thetical cooling rate based on the measurement of the 
molding material 100 as described above , since the equilib 
rium cooling rate leq is calculated by the above expression 
( 5 ) based on the first slowest cooling rate Ostow obtained 
from the measurement . 
[ 0076 ] In step 402 , an equilibrium pressure p is derived 
based on the parameters obtained from the first slowest 
cooling rate among various cooling rates . In some embodi 

where o is mechanical pressure , p is a calculated equilibrium 
pressure , and Vu is the rate of volume change . 
[ 0080 ] After obtaining the bulk viscosity ud of the molding 
material 100 , several graphs as shown in FIGS . 9 to 11 can 
be plotted . FIG . 9 is a graph showing variation of the bulk 
viscosity under various temperatures , various cooling rates 
and constant mechanical pressure . In some embodiments as 
shown in FIG . 9 , an upper plotting 701 shows variation of 
the bulk viscosity under various temperatures under the 
second cooling rate , and a lower plotting 702 shows varia 
tion of the bulk viscosity under various temperatures under 
the first cooling rate faster than the second cooling rate . 
[ 0081 ] In some embodiments as shown in FIG . 9 , when 
the temperature T is increased , the bulk viscosity is 
decreased . In some embodiments , when the cooling rate is 

eg 
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increased , the bulk viscosity is also decreased . In some 
embodiments , when the molding material 100 is under a 
lower temperature in a solid state , a mobility of molecular 
chains in the molding material 100 is low . As such , a 
resistance to a volume change is high , and thus the bulk 
viscosity is high . In some embodiments , when the molding 
material 100 is under a higher temperature in a molten state , 
a mobility of molecular chains in the molding material 100 
is high . As such , a resistance to a volume change is low , and 
thus the bulk viscosity is low . In some embodiments , when 
the molding material 100 is under a transition temperature in 
a transition state , the bulk viscosity rises abruptly when the 
molding material 100 is changed from the molten state to the 
solid state . 
[ 0082 ] FIG . 10 is a graph showing variation of the bulk 
viscosity under various temperatures , constant cooling rate 
and various mechanical pressures . In some embodiments as 
shown in FIG . 10 , an upper plotting 801 shows variation of 
the bulk viscosity under various temperatures and the third 
mechanical pressure , a middle plotting 802 shows variation 
of the bulk viscosity under various temperatures and the 
second mechanical pressure , and a lower plotting 803 shows 
variation of the bulk viscosity under various temperatures 
and the first mechanical pressure . In some embodiments , the 
third mechanical pressure is substantially greater than the 
second and the first mechanical pressures , and the second 
mechanical pressure is substantially greater than the first 
mechanical pressure . 
[ 0083 ] In some embodiments as shown in FIG . 10 , when 
the temperature T is increased , the bulk viscosity is 
decreased . In some embodiments , when the mechanical 
pressure is increased , the bulk viscosity is also increased . In 
some embodiments , when the molding material 100 is under 
a lower temperature in a solid state , the bulk viscosity is 
high . In some embodiments , when the molding material 100 
is under a higher temperature in a molten state , the bulk 
viscosity is low . In some embodiments , when the molding 
material 100 is under a transition temperature in a transition 
state , the bulk viscosity rises abruptly when the molding 
material 100 is changed from the molten state to the solid 
state . 
[ 0084 ] FIG . 11 is a graph showing variation of the bulk 
viscosity pa under various rates of volume change Vu , 
constant temperature and constant mechanical pressure . In 
some embodiments as shown in FIG . 10 , when the rate of 
volume change is increased , the bulk viscosity is decreased . 
In some embodiments , the bulk viscosity pa obtained from 
the step S407 or the graph of FIG . 9 or the graph of FIG . 10 
can be used for further calculation or simulation . 
[ 0085 ] In conclusion , a bulk viscosity of the molding 
material 100 can be derived . The bulk viscosity describes an 
irreversible resistance to a change of volume of the molding 
material 100. As such , variation of density or volume of the 
molding material 100 can be accurately evaluated . There 
fore , the molding material 100 can be accurately simulated 
based on the bulk viscosity . 
[ 0086 ] In summary , the present disclosure provides a 
method for deriving a bulk viscosity of a molding material . 
The method comprises : deriving a plurality of parameters in 
relation to physical properties of the molding material ; 
deriving a plurality of control factors in relation to a pressure 
effecting on the molding material based on a first slowest 
cooling rate obtained from the plurality of parameters of the 
molding material ; deriving a plurality of control factors in 

relation to a cooling rate effecting on the molding material ; 
selecting a second slowest cooling rate based on the first 
slowest cooling rate ; deriving an equilibrium pressure from 
the second slowest cooling rate ; deriving a rate of volume 
change ; and obtaining the bulk viscosity of the molding 
material based on the rate of volume change . 
[ 0087 ] One aspect of the present disclosure provides a 
measuring apparatus including a testing chamber , a tem 
perature - controlling cylinder , a piston , and a process mod 
ule . The testing chamber is configured to hold a molding 
material . The temperature - controlling cylinder is configured 
to form the testing chamber . The piston is configured to seal 
an opening of the temperature - controlling cylinder . The 
process module is configured to measure a bulk viscosity of 
the molding material by applying a plurality of cooling rates 
to the molding material inside the testing chamber under an 
isobaric environment , or applying a plurality of mechanical 
pressures to the molding material inside the testing chamber 
under an isothermal environment ; measuring pressures , spe 
cific volumes and temperatures ( PVT ) of the molding mate 
rial under the plurality of cooling rates and the plurality of 
mechanical pressures ; deriving a plurality of parameters in 
relation to the pressures , specific volumes and temperatures 
( PVT ) of the molding material based on the measurement ; 
deriving an equilibrium pressure based on the plurality of 
parameters obtained from a first slowest cooling rate among 
the plurality of cooling rates ; deriving a rate of volume 
change of the molding material according to the specific 
volumes ; and obtaining the bulk viscosity of the molding 
material based on the rate of volume change and the equi 
librium pressure . 
[ 0088 ] Although the present disclosure and its advantages 
have been described in detail , it should be understood that 
various changes , substitutions and alterations can be made 
herein without departing from the spirit and scope of the 
disclosure as defined by the appended claims . For example , 
many of the processes discussed above can be implemented 
in different methodologies and replaced by other processes , 
or a combination thereof . 
[ 0089 ] Moreover , the scope of the present application is 
not intended to be limited to the particular embodiments of 
the process , machine , manufacture , composition of matter , 
means , methods and steps described in the specification . As 
one of ordinary skill in the art will readily appreciate from 
the disclosure of the present disclosure , processes , 
machines , manufacture , compositions of matter , means , 
methods , or steps , presently existing or later to be devel 
oped , that perform substantially the same function or 
achieve substantially the same result as the corresponding 
embodiments described herein may be utilized according to 
the present disclosure . Accordingly , the appended claims are 
intended to include within their scope such processes , 
machines , manufacture , compositions of matter , means , 
methods , or steps . 
What is claimed is : 
1. A measuring apparatus , comprising : 
a temperature - controlling cylinder having a test chamber 

for holding a molding material ; 
at least one piston , configured to seal an opening of the 

temperature - controlling cylinder , and 
wherein the temperature - controlling cylinder and the at 

least one piston are configured for measuring pressures , 
specific volumes and temperatures ( PVT ) of the mold 
ing material by applying a plurality of cooling rates to 
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cooling rate , We slow is a specific volume at the transi 
tion temperature under the first slowest cooling rate , 
( av bw , ) are control factors in relation to the pressure effecting on the specific volume at transition tempera 
ture under the first slowest cooling rate . 

6. The measuring apparatus of claim 4 , wherein the 
process module derives the plurality of control factors in 
relation to the cooling rate by the following expressions : 

Ti = 97 , ( ln ( Q ) -In ( slow ) ) + ( Tt ) slow , 

Om = 90.m ( In ( Q ) -In ( Qslow ) ) + ( Am ) slow = O 

Q3 = 9 s ( ln ( Q ) -In ( Qslow ) ) + ( as ) slow ds 

the molding material inside the testing chamber under 
an isobaric environment , or applying a plurality of 
mechanical pressures to the molding material inside the 
testing chamber under an isothermal environment ; 

a process module configured for deriving a plurality of 
parameters in relation to the pressures , specific vol 
umes and temperatures ( PVT ) of the molding material 
based on the measurement ; deriving an equilibrium 
pressure based on the plurality of parameters obtained 
from a first slowest cooling rate among the plurality of 
cooling rates ; deriving a rate of volume change of the 
molding material according to the specific volumes ; 
and deriving a bulk viscosity of the molding material at 
least based on the rate of volume change and the 
equilibrium pressure . 

2. The measuring apparatus of claim 1 , wherein the at 
least one piston is configured to change a temperature in the 
testing chamber and change a pressure in the testing cham 
ber so as to apply the plurality of cooling rates and the 
plurality of mechanical pressures to the molding material . 

3. The measuring apparatus of claim 1 , wherein the 
process module is configured to derive the equilibrium 
pressure by the following expression : 

Û ( 0,1 , Qpvto = ( p , 1 ) equilibrium PVT 
wherein û represents the specific volumes , o represents 

the mechanical pressures , T represents the tempera 
tures , Q represents the cooling rates , p represents the 
equilibrium pressure . 

4. The measuring apparatus of claim 1 , wherein the 
process module is further configured to : 

derive a plurality of control factors in relation to a 
pressure effecting on the molding material based on the 
first slowest cooling rate obtained from the plurality of 
parameters of the molding material , and 

derive a plurality of control factors in relation to a cooling 
rate effecting on the molding material . 

5. The measuring apparatus of claim 4 , wherein the 
process module derives the plurality of control factors in 
relation to the pressure by the following expressions : 

Û = C? slow exp 7,5m ( Am ) stondT - S1,1m0r , dT ) 
wherein ??? is the control factor in relation to the cooling 

rate at a transition temperature , qam is the control factor 
in relation to the cooling rate effecting on a volumetric 
coefficient of thermal expansion in a molten state of the 
molding material , qas is the control factor in relation to 
the cooling rate effecting on the volumetric coefficient 
of thermal expansion in a solid state of the molding 
material , Oslow is the first slowest cooling rate , Tm is an 
extreme high temperature that cooling rate effect can be 
neglected . 

7. The measuring apparatus of claim 4 , wherein the 
process module is further configured to select a second 
slowest cooling rate based on the first slowest cooling rate . 

8. The measuring apparatus of claim 7 , wherein the 
second slowest cooling rate is represented by the following 
expression : 

? 

N * Qslow 

wherein N is a number substantially smaller than 1 . 
9. The measuring apparatus of claim 8 , wherein the 

number is equal to 0.1 . 
10. The measuring apparatus of claim 1 , wherein the 

process module derives the bulk viscosity based on the 
following expression : 

( Tt ) slow = af , P + bT ; -P 
-Id = V. 

= ( Qm ) stow = Qml + ( @mo – Qml ) ( 1 + ( AP ) 2 , " map 
= @ s1 + ( 250 – Qsi ) ( 1 + ( 2 , P ) 2 ) " . ! ( as ) slow 

( V + ) slow = alveg P + + Diving 
a 

= 

a 

a 
wherein ( T1 ) stow is a transition temperature under the first 

slowest cooling rate , ( ati bt ) are control factors in 
relation to the pressure under the transition temperature 
and the first slowest cooling rate , ( am ) stow is a volu 
metric coefficient of thermal expansion of the molding 
material in a molten state under the first slowest cooling 
rate , ( amo , Aml , ami nm ) are control factors in relation 
to the pressure effecting on the volumetric coefficient of 
thermal expansion in the molten state under the first 
slowest cooling rate , ( as ) slow is the volumetric coeffi 
cient of thermal expansion of the molding material in a 
solid state under the first slowest cooling rate , ( aso , a?? , 
Às , n ) are control factors in relation to the pressure 
effecting on the volumetric coefficient of thermal 
expansion in the solid state under the first slowest 

wherein o is a mechanical pressure applied to the molding 
material , p is a calculated equilibrium pressure , and Vou 
is the rate of volume change . 

11. The measuring apparatus of claim 1 , wherein the 
process module is further configured to derive a volumetric 
coefficient of thermal expansion of the molding material in 
a solid state and a volumetric coefficient of thermal expan 
sion of the molding material in a molten state . 

12. The measuring apparatus of claim 1 , wherein the 
process module derives the specific volume of the molding 
material based on the following expression : 

v = v , exp = a ( T ) d ( ) 
wherein v , is the specific volume of the molding material 

at a transition temperature , T is a temperature , T , is the 
transition temperature of the molding material , a , is a 
volumetric coefficient of thermal expansion of the 
molding material . 

t 
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13. The measuring apparatus of claim 12 , wherein the 
volumetric coefficient of thermal expansion of the molding 
material is represented by the following expression : 

Qy ( T , P , Q ) = 

Am , if T > T : + AT 
Am -as 

?? + ( T - ( T - AT ) ) , if T : - AT < T < T : + AT 2AT 

Q's , if T < T - AT 

wherein is the volumetric coefficient of thermal expan 
sion , T is a temperature , P is a pressure , Q is a cooling 
rate , Am is the volumetric coefficient of thermal expan 
sion in the molten state , a , is the volumetric coefficient 
of thermal expansion in the solid state , T , is the tran 
sition temperature , and AT is a control factor of the 
transition state . 


