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Authors designed and built a mold-type slit rheometer. The slit rheometer has a vertical flow channel and
interchangeable cores with various slit thicknesses. It is installed in an injection molding machine like a
general mold. The melt is supplied by the plasticizing unit of the injection molding machine. The melt tem-
perature supplied by the plasticizing unit varies by the plasticizing conditions and the shear heating effect
in the nozzle and the sprue. In this study, the effects of the plasticizing conditions and the shear heating in
the nozzle and the sprue were examined, and the influence of the melt temperature variation on the viscosity
measurement was analyzed experimentally and numerically. A temperature sensor was designed to measure
the melt temperature in the sprue. Its tip is fully immersed in the melt to have a higher sensitivity. Two res-
ins with different thermal sensitivities were used to examine the effect of resin on the melt temperature vari-
ation. To check the shear heating effect in the nozzle and the sprue, two sets of the nozzle and the sprue
with different orifice sizes were used. The numerical analysis was done by commercial software (Mold-
ex3D) to check the melt temperature from the nozzle to the slit channel. The viscosity of long-fiber rein-
forced polypropylene (PP) was measured with various slit channel thicknesses to verify the reproducibility.
The standard deviation of the viscosity values against the Cross model fitting curve was 3.01 Pa·s. The vis-
cosity of acrylonitrile butadiene styrene (ABS) measured using the slit rheometer was compared with values
obtained from a capillary rheometer and commercial database.
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1. Introduction

Computer-aided engineering (CAE) is becoming increas-

ingly important in the injection molding industry. With the

advancements in computing performance and the accu-

racy of CAE, the cyber-physical-production-system has

attracted considerable attention for Industry 4.0 applica-

tions. The CAE analysis program simulates the molding

process and predicts the results in advance. It reduces the

cost and time of product development by minimizing the

cost of physical implementation. Accurate data must be

given as input to use CAE analysis programs efficiently

and obtain meaningful results. Therefore, the material

property data need to be measured accurately.

A capillary rheometer is usually used to measure the vis-

cosity in the shear rate range of injection molding, but it

has some limitations. The pressure value measured from

the capillary rheometer needs to be corrected using the

Bagley correction owing to the pressure loss in the

entrance and exit regions. To this correction, at least two

or three capillaries of different lengths are used, resulting

in an increase in the number of experiments by two or

three times. As the shear rate increases, the pressure loss

and the pressure in the capillary increase, and the effect of

pressure on the viscosity yields a nonlinear relationship

between the length-to-diameter ratio of the capillary and

the pressure. The relatively small barrel volume of the

capillary rheometer limits the amount of measurement to

obtain a stable pressure drop. The increased number of

experiments and the limitations increase the experimental

errors.

To measure a long-fiber reinforced resin is difficult

because fibers with a length similar to the length of the

capillary are accumulated at the entrance of the capillary

and eventually clog the capillary. Thomasset et al. (2005)

used a conical inlet to measure the viscosity of long-glass-

fiber reinforced PP using a capillary rheometer. Fernandez

et al. (2014) used a slit attached directly to the nozzle of

an injection molding machine to measure the viscosity of

mineral-filled PP. Lee (2016) evaluated the fiber breakage

of long glass-fiber-reinforced PP after a plasticizing pro-

cess. The average length of the fiber decreases and the vis-

cosity changes due to fiber breakage. It is difficult to

reflect the actual processing behavior through the mea-

surement using a capillary rheometer. Blutmager et al.

(2019) also investigated fiber breakage by microscopic

analysis to verify the influence of the wear of mold.

In order to overcome the limitations of the capillary rhe-*Corresponding author; E-mail: rhex@ajou.ac.kr
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ometer, various studies have been conducted to measure

the viscosity of resins by designing various rheometers

such as slit channel rheometers and online capillary rhe-

ometers. Eswaran et al. (1963) first designed a slit rhe-

ometer, which consisted of a rectangular section with two

pressure sensors and a cylindrical barrel. They compared

the pressure measured using the slit rheometer with that

measured using a capillary rheometer. Knappe and Krum-

böck (1986) studied the slip flow of seven rigid PVC com-

pounds by using a slit die connected directly to the nozzle

and utilizing the plasticizing process of the screw. Lee and

Han (2002) designed a slit rheometer with a reservoir to

analyze the curing behavior of a thermoset resin. Aho et

al. (2011) measured viscosity using a mold-type slit rhe-

ometer installed in an injection molding machine and

compared its values with the values measured using a cap-

illary rheometer at high shear rates and a rotational rhe-

ometer at low shear rates. Friesenbichler et al. (2011)

designed a mold-type slit rheometer with a horizontal flow

path and measured the viscosity at a high shear rate con-

sidering the pressure dependence of viscosity. They mod-

ified the ejecting unit in an injection molding machine to

implement backpressure control. Hopmann et al. (2017)

installed pressure sensors in the channel of a mold to mea-

sure the fluctuation of viscosity and monitor the quality of

products during the actual process.

Several previous studies have designed various rheom-

eters as alternatives to conventional capillary rheometers

to evaluate the rheological properties of resins. In this

study, a mold-type slit rheometer was designed and built.

The rheometer has interchangeable cores with various slit

channel thicknesses that allow a wide measurement range

of shear rates. There is no need for Bagley correction and

the number of experiments reduced because a pressure

drop is measured by flush-mounted pressure sensors in the

slit channel directly. The vertical flow channel perpendic-

ular to the direction of the clamping force is advantageous

for sealing and easy to clean inside the rheometer by

opening the mold. A pin-type temperature sensor was

designed and installed to measure the melt temperature in

the sprue. The rheometers also have the advantages of

achieving high shear rates using the injection unit and a

direct supply of a large amount of melt from the plasti-

cizing unit of the injection molding machine. There are

many advantages to a mold-type slit rheometer, but there

are important factors to be examined that affect the mea-

surement such as the melt temperature stability. Because

the melt is supplied by the plasticizing unit of the injection

molding machine to the slit channel, the melt is not as sta-

ble as in the barrel of the capillary rheometer. To measure

the viscosity, the pressure drop between the pressure sen-

sors in the slit channel is measured when the pressure

becomes stable in the slit channel. Usually, the stability of

the melt temperature in the capillary or the slit channel has

not been considered seriously so that the melt temperature

is supposed to be the same as the wall temperature in the

viscosity calculation.

Amano and Utsugi (1988) studied melt temperature dis-

tribution along the screw axis in the barrel of the injection

molding machine. Jeon et al. (2016) reported that the melt

temperature in the barrel varied by the plasticizing con-

ditions such as screw rotation speed and the dwelling

time. The two previous studies show the change of the

melt temperature in the barrel during the plasticizing pro-

cess, unlike the setting of the barrel temperature. To verify

the stability of melt temperature and the effect of plasti-

cizing conditions on the viscosity in this work, two resins

with different thermal sensitivities were used in the exper-

iment. Another concern about the melt temperature is the

effect of the shear heating in the nozzle and the sprue. The

melt temperature may change by the shear heating in the

nozzle and the sprue. The melt temperature at the wall of

the slit channel was regarded as a representative tempera-

ture of the measurement, but the melt temperature inside

the channel is not the same as the one at the wall. Con-

sidering the shear heating effect under high-pressure con-

ditions, temperature correction in the slit channel would

be necessary to calculate the viscosity. Laun (1983) dis-

cussed the importance of shear heating in the high shear

rate in the slit channel. Cox and Macosko (1974), Winter

(1977) and Laun (2003) investigated and calculated vis-

cous dissipation inflow channel. The research related to

temperature correction was conducted by Friesenbichler et

al. (2011). And Friesenbichler et al. (2016) performed

temperature correction in the slit channel, compared with

the result before correction, and verified that it was higher.

The essence of this study is not to correct the melt tem-

perature, but to analyze the effect of the plasticizing con-

ditions and shear heating effects on the viscosity value

measured by the slit rheometer. To evaluate the effect of

the shear heating on the viscosity, two sets of nozzles and

sprues were used to induce different shear heating effects.

Also, the CAE analysis (Moldex3D) was performed to

check the temperature field in the slit channel.

To check the reliability and reproducibility of the slit

rheometer, two sets of experiments were carried out. A

long glass fiber composite (filled with 40% of glass fiber

with a length of 11 mm) that is nearly impossible to mea-

sure the viscosity using a capillary rheometer was mea-

sured by the slit rheometer. The viscosity of ABS HF380

measured by the slit rheometer was compared with the

values obtained from a commercial database and mea-

sured using a capillary rheometer.

2. Design and Features

2.1. Mold-type design
The slit rheometer consists of stationary and moving
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plates in the same way as a general injection mold. It is

installed directly in an injection molding machine like a

mold shown in Fig. 1b. The melt is supplied by the plas-

ticizing unit of the injection molding machine. Unlike the

capillary rheometer, the slit rheometer does not require a

batch loading process. It can also supply a larger amount

of the melt than the capillary rheometer. This is advanta-

geous for measuring at a high shear rate because a large

amount of resin is required for the data to reach a stable

state. The vertical flow channel of the slit rheometer

makes it possible to utilize the clamping force of the injec-

tion molding machine. This makes it easy to seal the chan-

nel even under high-pressure conditions. The design of the

vertical channel facilitates the monitoring of the melt tem-

perature in the sprue through the installation of a pin-type

temperature sensor protruding from the parting surface of

the moving plate, shown in Fig. 1b and Fig. 2. This design

also allows maintaining the structural integrity and clean-

ing the slit channel conveniently by opening the mold

owing to its simple structure.

2.2. Slit channel features
When the mold is closed, the slit channel is formed

between the grooved surface of the interchangeable core

on the stationary plate and the flat surface of the core on

the moving plate. The cores were installed in the pocket of

the plate with a 5 mm gap from the mold body to maintain

the thermal stability of the cores. Embedded electric heat-

ers were installed at the rear of the cores to maintain a uni-

form temperature. The sprue was also heated using a

heater.

The interchangeable cores in the stationary plate have

various slit channel thicknesses. Sensors are installed on

the moving plate at the location of the fully developed

flow region. The entrance length to the fully developed

flow in a laminar flow was obtained by referring to Cen-

gel (2004). The Poiseuille equation was considered as in

Eq. (1) to estimate the pressure level and the apparent

shear rate in the slit channel for the design. The channel

thicknesses used in this study are 1, 1.5, and 2 mm. The

injection speed range of the injection molding machine is

0.1~1000 mm/s and the shear rate can be realized with the

interchangeable core is 3~117,800 s1.

(1)

An appropriate width-to-height (w/h) ratio of the slit

channel was selected to avoid the edge effect. Wales et al.

(1965) indicated that the edge effect can be ignored when

the w/h ratio is greater than 10. Dealy and Broadhead

(1993) supported the above finding. Moon et al. (2008)

designed a multi-sample micro-slit rheometer with a w/h

ratio of 10 to avoid the edge effect. Therefore, the slit

channel has a width of 25 mm and heights of 1, 1.5, and

2 mm in this study.

2.3. Measuring system
Three pressure sensors and two temperature sensors are

flush-mounted, crossing each other, in the channel area of

the moving plate as shown in Fig. 1b. The pressure trans-
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Fig. 1. (Color online) (a) Mold-type slit rheometer cores and (b)

schematics of the sensor installation.

Fig. 2. (Color online) (a) Melt temperature sensor T1 and (b) its

structure.
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ducers (PT462E) manufactured by Dynisco were used to

measure the pressure drop, which can measure up to

15,000 psi, and the K-type temperature sensors (TB422K)

manufactured by Dynisco were used to monitor the tem-

perature of the slit channel. The flush-mounted tempera-

ture sensors measure the channel surface temperature, not

the melt temperature, because of the high thermal diffu-

sivity of the mold steel. A pin-type temperature sensor

protruding into the sprue was designed to measure the

melt temperature. The diameter of the pin was 1.5 mm and

the protruding length was 15 mm. A sensing tip was

installed at the end of the pin thermocouple so that it

would be fully immersed in the melt. Consequently, it

could measure the temperature variation of the melt with

high sensitivity. The sensor (T1) and its location are

shown in Fig. 1b.

The sensor T1 consists of three parts, as shown in Fig.

2: a pin-type sensor body, sensor housing, and spacer shaft

for installation. The response performance of the pin-type

temperature sensor was verified by Gim et al. (2015). The

sensor body was insulated with a zirconia housing having

a low thermal conductivity to attain a high sensitivity. This

reduces the thermal diffusion from the sensor to the mold

plate. The thermal contact resistance between the sensor

and the mold body is utilized to minimize thermal diffu-

sion by inserting the sensor into the housing and pressur-

izing the spacer shaft as shown in Fig. 2. 

3. Experiments

3.1. Effect of plasticizing conditions on viscosity
3.1.1. Conditions and materials

The viscosity is calculated using the pressure drop mea-

sured when the pressure becomes stable. In the slit rhe-

ometer, the melt is supplied by the plasticizing unit, so the

melt temperature varies depending on the plasticizing con-

ditions. Therefore, not only the stability of the pressure

but also the melt temperature must be verified to ensure

the stability of the viscosity measurement. Experiments

were conducted to evaluate the effect of the melt tempera-

ture on the viscosity by varying the plasticizing conditions

for two resins with different thermal sensitivities. The

experimental variables were selected based on a previous

study by Jeon et al. (2016). In the previous study, a higher

screw rotation speed and shorter dwelling time in the bar-

rel were observed to cause a larger variation of the melt

temperature. Therefore, the screw rotation speed and dwell-

ing time in the barrel were selected as the parameters in

this experiment.

The screw rotation speeds of 30 and 60 RPM were cho-

sen by referring to the datasheet provided by the manu-

facturer, and a higher speed of 90 RPM was also included

as an extreme condition. The dwelling times of 0 and 180

seconds were chosen. Dwelling time is defined as the time

interval between the end of plasticizing and the start of

injection. A dwelling time of 0 seconds indicates that

there is no time for the melt temperature to stabilize after

plasticization. According to the previous study on melt

temperature fluctuations by Jeon et al. (2016), a dwelling

time of at least 30 seconds is required for stabilizing the

melt temperature in a barrel of diameter 25 mm. Enough

dwelling time of 180 seconds was chosen in this study.

The barrel temperature was indicated by the barrel heater

temperature of 230°C. The shear rates in the experiment

were 100, 500, 1000, and 10000 s1. The injection mold-

ing machine used in the experiment was a 150-ton high-

speed electrical machine from LS Mtron of which speci-

fications are listed in Table 1. The experimental conditions

are listed in Table 2. 

Two resins (ABS HF380 and PP homopolymer H1500,

both unfilled materials and manufactured by LG Chemi-

cal) with different thermal sensitivities were used in the

experiment to evaluate the effect of the melt temperature

on the viscosity. ABS HF380 was used as a high thermal

sensitivity resin and PP homopolymer H1500 as a low

thermal sensitivity resin. 

3.1.2. Experimental results

The pressure in the slit channel and the melt temperature

in the sprue show a typical behavior, as shown in Fig. 3

and Fig. 4. When the injection starts, the pressure and melt

temperature increase rapidly until the values reach a peak

and then decrease slowly until the values reach a stable

state. The melt temperature in the stable section for 4

apparent shear rates is listed in Table 3.

As the injection time varies depending on the shear rate,

it is difficult to compare the data profiles for various shear

Table 1. Specifications of the injection molding machine.

LS Mtron 150-ton Injection Molding Machine

Clamping Force 150 ton

Injection Volume 62 cm3

Max. Injection Speed 1000 mm/s

Max. Injection Pressure 3500 bar

Screw Diameter 25 mm

Table 2. Conditions for the plasticizing effect experiment.

Screw Rotational Speed 

[RPM]

Dwelling Time

[sec]

1 30 No delay (0)

2 30 Delay (180)

3 60 No delay (0)

4 60 Delay (180)

5 90 No delay (0)

6 90 Delay (180)
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rates. The x-axis should indicate the relative shot volume

instead of time for an effective comparison. Fig. 5a and 5b

show the pressure and melt temperature, respectively,

along the relative shot volume at a shear rate of 1000 s1

and the barrel temperature of 230°C for ABS HF380, to

analyze the stable sections of the pressure and tempera-

ture. It is observed that the stable sections of the pressure

and temperature almost coincide. Pressure and the melt

temperature became stable after about 60% of the relative

shot volume. However, the fluctuation of the melt tem-

perature is relatively larger than that of the pressure in the

stable section. The results of melt temperature were com-

pared for all the experimental conditions listed in Table 2

to analyze its fluctuation further. Fig. 6a and 6b show the

melt temperature profiles at a shear rate of 1000 s1 with-

out and with dwelling time, respectively.

The melt temperature profiles exhibited a similar trend.

Fig. 3. (Color online) (a) Pressure of ABS HF380 at 230°C ver-

sus time at P1 sensor and (b) at P1, P2, and P3.

Fig. 4. (Color online) The melt temperature of ABS HF380 at

230°C versus time.

Table 3. The melt temperature in the stable section for four

apparent shear rates.

Melt temperature in stable section

Classification

Apparent

shear rate

Avg.

[°C]

Min. 

[°C]

Max. 

[°C]

Std. dev

[°C]

100 s1 245.6 245.2 245.9 0.2

500 s1 239.0 238.1 239.4 0.3

1000 s1 242.4 241.7 242.7 0.3

10000 s1 252.9 251.6 254.4 0.8

Fig. 5. (Color online) (a) The pressure and (b) melt temperature

of ABS HF380 at the shear rate of 1000 s1 versus the relative

shot volume.
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The most noticeable difference was the transient behavior

before the stable section was reached. With dwelling time

applied, the melt temperature in the transient section

showed almost the same profile, although the screw rota-

tion speeds were different. The temperature in the stable

section is enlarged in Fig. 7 for a more precise analysis.

As shown in Fig. 7, the melt temperature fluctuated in the

range of about 239 to 244°C when the barrel heater tem-

perature was set at 230°C. The melt temperature in the sta-

ble section for three RPM and dwelling time conditions

are listed in Table 4.

And a higher screw rotation speed and shorter dwelling

time result in a greater fluctuation of the melt temperature

in the stable section. Consequently, a low screw rotation

speed causes a smaller fluctuation of the melt temperature

in the stable section, regardless of the dwelling time. The

temperatures were compared using a bar graph with devi-

ation, as shown in Fig. 8, for more precise comparison.

The dwelling time makes the melt temperature more uni-

form in the stable section when the screw speeds are 60

and 90 RPM.

The viscosity was measured under various plasticizing

Fig. 6. (Color online) Normalized melt temperature variations of

ABS HF380 in the sprue at the shear rate of 1000 s1 (a) without

and (b) with dwelling time.

Fig. 7. (Color online) Enlarged view of the normalized melt tem-

perature of ABS HF380 in the stable section at the shear rate of

1000 s1 (a) without and (b) with dwelling time.

Table 4. The melt temperature in the stable section for three RPM and dwelling time conditions.

Without dwelling time With dwelling time

Classification

 RPM

Avg.

[°C]

Min. 

[°C]

Max. 

[°C]

Std. dev

[°C]

Avg. 

[°C]

Min. 

[°C]

Max. 

[°C]

Std. dev

[°C]

30 242.8 242.2 243.1 0.2 242.5 241.6 242.7 0.2

60 241.6 240.7 242.5 0.6 242.4 241.6 242.9 0.3

90 240.7 239.3 242.2 0.9 243.2 242.0 244.2 0.6
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conditions to analyze its variation due to the fluctuation of

the melt temperature. The viscosity measured under all the

experimental conditions is listed in Table 2. Fig. 9 shows

the viscosity corrected using the Rabinowitsch correction,

as shown in Eq. (2). Even if the melt temperature in the

sprue varies in the stable section according to the plasti-

cizing conditions, the viscosity does not show any notice-

able difference, as shown in Fig. 9.

 (2)

When the viscosity data of ABS were fitted to the Cross

model, the standard deviation was 4.70 Pa·s. The viscosity

values were measured that can be considered to have little

effect on the viscosity of plasticizing conditions.

A comparative experiment was conducted with PP

homopolymer H1500 and ABS HF380. The viscosity was

measured at seven shear rates ranging from 100 to 10000

s1 at 210, 220, and 230C with a slit thickness of 1 mm.

The screw rotational speed was 60 RPM and the dwelling

time was 30 seconds. As shown in Fig. 10, it was verified

that the plasticizing conditions did not significantly affect

the viscosity, but to consider the melt temperature stability


·
w = ·app

3

4
---

1

4
---

d ln Q

d ln w
------------------+ 

 

Fig. 8. Average and deviation of the temperature of ABS HF380

in the stable section at different plasticizing conditions at the

shear rate of 1000 s1.

Fig. 9. (Color online) The viscosity of ABS HF380 at various

plasticizing conditions.

Fig. 10. (Color online) The difference of thermal sensitivity of

ABS and PP. (a) The viscosity of ABS HF380 and (b) PP H1500

measured using the slit rheometer.

Fig. 11. (Color online) The viscosity of PP H1500 at different

plasticizing conditions.
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and shorten the experiment time, the experiment was con-

ducted by setting the screw rotational speed to 60 RPM

and the dwelling time to 30 seconds. As expected, the

thermal sensitivity of PP was much lower than that of

ABS shown in Fig. 10. The viscosity of PP at 230°C is

compared with the result for the worst condition for the

fluctuation of melt temperature in Fig. 11. The worst con-

dition is the screw rotational speed of 90 RPM without

dwelling time. Both the viscosity values fall on the same

line, as shown in Fig. 11. When the viscosity data of PP

were fitted to the Cross model, the standard deviation was

0.70 Pa·s. In the results, the viscosity values of PP are

affected little by the plasticizing conditions.

3.2. Shear heating effect on viscosity
3.2.1. Design of nozzle & sprue

In the mold-type slit rheometer, since the melt is sup-

plied to the slit channel through a nozzle and a sprue, the

stability of the melt temperature would be affected by the

shear heating in the nozzle and the sprue. The larger shear

heating effect is expected as the melt flows through the

nozzle and the sprue of the smaller diameters. To examine

the stability of the melt temperature and viscosity mea-

surement by the shear heating, two sets of nozzles and

sprues with different diameters were used to induce dif-

ferent shear heating effects as shown in Fig. 12.

3.2.2. CAE analysis

Since it is difficult to directly measure the temperature

in the slit channel, the CAE analysis was performed to

check the shear heating effect through the CAE results of

the temperature field. The temperature field was estimated

at the immersed melt temperature sensor (T1) located at

the sprue and the pressure sensor (P3) located at the end

of the slit channel. Also, the pressure value measured at

the pressure sensor, and the estimated values were com-

pared. For CAE analysis, a CAD consisting of two sets of

nozzles and sprues, 1 mm thickness slit channel, and four

heaters shown in Fig. 13 was used. The temperature of the

mold, melt and heaters was set at 230°C. The material was

used ABS HF380 and the properties were used from the

Moldex3D database.

Fig. 14 shows the comparison of the pressure value

between a measured value and the CAE analysis result.

Fig. 14a shows that the CAE results are close to the mea-

sured data for the larger diameter of the nozzle and the

sprue. However, for the smaller diameter, the CAE results

show higher values than the measured one as shown in

Fig. 14b. The different behavior of the pressure curve was

shown. The CAE analysis was considered viscoelasticity.

The result of CAE analysis indicates the peak points and

relaxed. The different pressure behavior appeared because

of the difference between actual behavior and theoretical

calculation. The CAE analysis did not reflect the actual

viscoelasticity behavior.

The temperature field was analyzed for the sprue where

the immersed melt temperature sensor (T1) is located as

shown in Fig. 15. The CAE results show that shear heat-

Fig. 12. (Color online) (a) Large diameter of nozzle & sprue and

(b) small diameter of nozzle & sprue.

Fig. 13. (Color online) CAD consisting of a nozzle, sprue, slit

channel, and heaters for CAE analysis.
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ing occurs in the region close to the wall. In the sprue and

the nozzle of the smaller diameter, the melt temperature at

the center shows about 2ºC difference. Fig. 16 shows the

measured temperature by the immersed melt temperature

sensor (T1). The temperature difference is about 5ºC. In

the result, the CAE analysis shows a weaker effect of the

shear heating in the sprue and the nozzle.

The temperature field was analyzed for the slit channel

where the pressure sensor (P3) is located as shown in Fig.

17. The temperature fields in the slit channel are similar to

the ones of the sprue. But the temperature difference in the

central region shows about 2°C as it is in Fig. 15b. The

CAE result shows that the temperature difference in the

sprue is maintained in the slit channel. It is expected that

the melt temperature difference in the sprue as shown in

Fig. 16 will be maintained in the slit channel.

3.2.3. Experimental results

The viscosity values with two sets of the nozzle and the

sprue were shown in Fig. 18. The viscosity data of the two

conditions were fitted to the Cross model. The standard

deviations of the viscosities of large and small diameter of

nozzles and sprues were 0.57 and 0.80 Pa·s, respectively.

The viscosity values using the smaller diameter of the

sprue and the nozzle are lower than the ones of the larger

diameter. It is supposed to be caused by the shear heating

effect. Increased melt temperature decreases the viscosity. 

Fig. 14. (Color online) Comparing the pressure measured at slit

channel with the CAE analysis with different diameter of the

nozzle and the sprue (a) large diameter and (b) small diameter.

Fig. 15. (Color online) (a) Contour & model and (b) graph of

CAE analysis results of temperature with nozzle & sprue diam-

eter at the T1 sensor location.

Fig. 16. (Color online) The melt temperature of ABS HF380 at

the shear rate of 1000 s1 versus the relative shot volume.
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3.3. Viscosity Measurement with the Slit Rheometer
Experiments were conducted to evaluate the reproduc-

ibility of the slit rheometer and to compare the data with

other data. To verify the reproducibility, the long-fiber

thermoplastic (LFT) PP GF40 (Lotte Chemical) was used.

The length of the LFT pellet was 11 mm. It is known that

measuring the viscosity of LFT composites using a cap-

illary rheometer is very difficult. The long fibers in the

resin do not flow easily into the capillary from the barrel.

Thomasset et al. (2005) and Lohr et al. (2018) discussed

the difficulty of measuring the viscosity of LFT composite

using the capillary rheometer. 

The experiment was conducted by setting the screw

rotational speed to 60 RPM and the dwelling time to 30

seconds. The viscosity was measured at seven shear rates

ranging from 100 to 10000 s1 at 200°C. The slit thick-

nesses used were 1.0, 1.5, and 2.0 mm. The viscosity mea-

sured using the slit rheometer was corrected using the

Rabinowitsch correction shown in Eq. (2). The results of

the reproducibility experiments are shown in Fig. 19. The

standard deviation of the viscosity values against the

Cross model fitting curve was 3.01 Pa·s.

To compare the viscosity measured by slit rheometer

with values, measured by capillary rheometer and CAE

Fig. 17. (Color online) (a) Contour & model and (b) graph of

CAE analysis results of temperature with nozzle & sprue diam-

eter at slit channel at the P3 sensor location.

Fig. 18. (Color online) The viscosity of ABS HF380 with dif-

ferent diameters of the nozzle and the sprue.

Fig. 19. (Color online) Verification of the reproducibility of the

rheometer for LFT-PP GF40 for different slit thicknesses.

Fig. 20. (Color online) The viscosity comparison of ABS HF380

with reference data.
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database, the viscosity of ABS HF380 was measured at

seven shear rates ranging from 100 to 10000 s1 at 215°C

using the slit rheometer and the capillary rheometer. The

viscosity measured using the slit rheometer was corrected

using the Rabinowitsch correction shown in Eq. (2). The

viscosity measured using the capillary rheometer was cor-

rected using the Bagley and Rabinowitsch corrections.

Both these values were compared with the value obtained

from the database of Autodesk Moldflow. Fig. 20 shows

the comparison of the viscosity values obtained from the

database and the measurements with the two rheometers at

215°C. The viscosity result of the capillary rheometer is

higher than that of the slit rheometer. 

4. Conclusions

In this study, a mold-type slit rheometer was designed,

built, and comparatively tested. The resin was supplied by

a plasticizing unit of the injection molding machine. This

made it possible to measure a large amount of the resin.

The slit rheometer has a vertical flow path so that it can

utilize the clamping force to seal the flow path even under

high-pressure conditions and can be cleaned easily by

opening the mold. Pressure sensors were flush-mounted

on the slit channel, which has the advantage of eliminating

the Bagley correction. The length of the channel and the

location where the sensor is installed were designed in

consideration of the fully developed flow based on the

properties of ABS HF380 (LG Chemical). The thick-

nesses of the interchangeable cores are 1, 1.5, and 2 mm

and make it possible to vary the shear rate. The injection

speed range of the injection molding machine is 0.1~1000

mm/s, and the maximum injection pressure is 3500 bar.

The shear rate that can be realized with the interchange-

able core is 3~117,800 s1. 

The viscosity has been measured based on the pressure

drop only considering the stability of pressure so far in the

slit rheometer. It is necessary to examine the stability of

the melt temperature as well as the pressure. To measure

the melt temperature depending on plasticizing conditions,

a temperature sensor was fully immersed in the melt. The

standard deviation of the viscosity against the Cross

model fitting curve of ABS and the PP according to plas-

ticizing conditions were 4.70 Pa·s and 0.70 Pa·s respec-

tively. To verify the shear heating effect and the temperature

field in the slit channel, two sets of nozzles and sprues

were designed and CAE analysis was performed. As a

result of comparing the shear heating effect experiment, a

larger shear heating effect was shown in the temperature

field with the small diameter of the nozzle and the sprue.

It is preferable to set the plasticizing conditions with low

screw rotation speed and residence time and to use a noz-

zle and sprue having a large diameter in terms of melt

temperature stability.

To evaluate the reproducibility of the slit rheometer, the

viscosity of LFT-PP GF40 was measured with three slit

thicknesses of the slit rheometer. The standard deviation

of the viscosity values against the Cross model fitting

curve was 3.01 Pa·s. The results exhibited good repro-

ducibility. The viscosity of ABS HF380 measured using

the slit rheometer was compared to the values obtained

using a capillary rheometer and commercial CAE data-

base.
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