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( 57 ) ABSTRACT 
Provided is a 3D printer which can use pellets of various 
materials and produce a large molded object without requir 
ing an inactive gas . The printer is equipped with : an extru 
sion apparatus , having a nozzle provided on a lower end side 
of a cylinder , a screw arranged in the cylinder and control 
lably rotated by a screw motor , a gear pump provided on a 
tip side of the screw and controllably rotated by a gear pump 
motor , a heater for heating an inside of the cylinder , and a 
hopper for supplying a resin material into the cylinder , a 
table apparatus positioned facing the nozzle of the extrusion 
apparatus ; and a control apparatus for controlling discharge 
of a resin from the nozzle of the extrusion apparatus , and for 
controlling a movement of the extrusion apparatus and / or 
the table apparatus in X - axis , Y - axis , and Z - axis directions 
with respect to a reference plane . The extrusion apparatus 
and / or the table apparatus has a structure moved through 
position control in the X - axis , Y - axis , and Z - axis directions 
by the control apparatus . 

16 Claims , 2 Drawing Sheets 
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3D PRINTER provide a three - dimensional printer which can use pellets 
made of various materials and produce a large molded object 

TECHNICAL FIELD without requiring an inactive gas . 
The present inventor has studied various methods , and as The present invention relates to a three - dimensional a result , the inventor has found that the following constitu printer , and particularly the structure of a material extrusion tion can adjust the amount of a fused resin discharged from part of a three - dimensional printer ( 3D printer ) for produc a nozzle tip , also prevent resin dripping from the nozzle tip , ing a three - dimensional molded object with a fused depo use commercially available pellets made of wide variety of sition modeling method . materials without using a filament made of a restricted 

BACKGROUND ART 10 material , and is suitable also for producing a large molded 
object . In the constitution , a fused resin extrusion part in a 

Heretofore , as a method for producing a three - dimen three - dimensional printer is a small extruder ( extrusion 
sional molded object with a fused deposition modeling apparatus ) in which a screw is arranged in a cylinder , a 
method , for example , the following Patent Document 1 hopper capable of supplying a granular resin material is 
discloses a method for producing a minute three - dimen- 15 attached to the extruder , and the rotation of the screw is 
sional medical structure . In this method , while the move controlled by a screw motor , and a gear pump provided on 
ments of a minute syringe and molding stage facing the the tip side of the screw is controlled by a gear pump motor . 
syringe are controlled based on the shape data of a three The present invention has been completed based on the 
dimensional structure , a minute medical three - dimensional knowledge . 
structure is formed by repeating a step of discharging a 20 
thinning thermally fused product made of a biodegradable Means for Solving the Problems 
resin from a syringe nozzle . Further , the following Patent 
Document 2 discloses a method for forming a three - dimen A three - dimensional printer of the present invention 
sional structure requiring no filament - like material . In the which can solve the problems is equipped with : 
method , a thermally melted polymer material is extruded 25 an extrusion apparatus , having a nozzle provided on a 
from a nozzle using a gas pressurization dispenser , and the lower end side of a cylinder , a screw arranged in the cylinder 
discharge position of the nozzle at this time is controlled . and controllably rotated by a screw motor , a gear pump 

However , the method described in Patent Document 1 provided on a tip side of the screw and controllably rotated 
decreases the volume of the resin stored in the syringe , by a gear pump motor , a heater for heating an inside of the 
which causes a problem that a large molded object cannot be 30 cylinder , and a hopper for supplying a resin material into the 
produced . The method of Patent Document 2 makes it cylinder ; 
necessary to prepare nitrogen or carbon dioxide as a gas a table apparatus positioned facing the nozzle of the 
inactive against the polymer material in order to suppress the extrusion apparatus ; and 
generation of an oxide caused by thermal decomposition , a control apparatus for controlling discharge of a resin 
and makes it difficult to control the discharge of the resin 35 from the nozzle of the extrusion apparatus , and for control 
since the fused resin is extruded by gas pressurization , which ling a movement of the extrusion apparatus and / or the table 
is disadvantageously apt to cause resin dripping from the tip apparatus in X - axis , Y - axis , and Z - axis directions with 
of the nozzle . respect to a reference plane ; 
Furthermore , in the production of a three - dimensional and wherein the extrusion apparatus and / or the table 

molded object using a three - dimensional printer which has 40 apparatus has a structure moved through position control in 
been widely used in these days , PLA ( polylactic acid ) the X - axis , Y - axis , and Z - axis directions by the control 
provided in a filament form or a filament of ABS ( acrylo apparatus . 
nitrile - butadiene - styrene ) is used as a material to be lami The present invention is characterized in that in the 
nated . This filament is pressurized by a feed motor , and three - dimensional printer having the characteristics , a first 
extruded from the tip of the nozzle via the heated block , to 45 pressure gauge for measuring resin pressure at a tip position 
form a molded object . However , the conventional three of the screw is provided on the tip side of the screw ; a second 
dimensional printer using such a filament is less likely to pressure gauge for measuring resin pressure in the nozzle is 
control the sending speed of the filament , and is apt to cause provided on a discharge side of the gear pump ; and the 
the clogging of the filament . The nozzle clogging disadvan discharge of the resin from the nozzle is controlled by the 
tageously stops a forming step and limits the material 50 control apparatus based on the resin pressures measured 
suitable for the filament , which makes it impossible to use with the first and second pressure gauges . 
pellets ( granular materials ) made of various commercially The present invention is characterized in that in the 
available materials . three - dimensional printer having the characteristics , a pres 

sure control apparatus for controlling pressure in the nozzle 
PRIOR ART DOCUMENTS 55 is provided in the nozzle ; volume of an internal space of the 

nozzle can be changed by the pressure control apparatus . 
Patent Documents The three - dimensional printer provided with the pressure 

control apparatus can control a fast response of a resin 
Patent Document 1 : JP - A - 2010-99494 having viscosity at a nozzle tip , and instantly decrease or 
Patent Document 2 : JP - A - 2008-194968 60 increase the pressure in the nozzle . 

The present invention is characterized in that in the 
SUMMARY OF THE INVENTION three - dimensional printer having the characteristics , the 

pressure control apparatus includes a piston member capable 
Problems to be Solved by the Invention of moving forward and backward in a direction perpendicu 

65 lar to an axial direction of the nozzle , and the pressure 
The present invention solves the problems in the conven control apparatus controls a movement of the piston member 

tional technique , and the object of the present invention is to to change the volume of the internal space of the nozzle . 
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Furthermore , the present invention is characterized in that of the present invention . The extrusion apparatus A is 
in the three - dimensional printer having the characteristics , equipped with a nozzle 2 provided on the lower end side of 
the extrusion apparatus is attached to an XY positioning a cylinder 1 arranged to be perpendicular to the table 
apparatus controllably moved in the X - axis and Y - axis apparatus . A screw 4 controllably rotated by a screw motor 
directions by the control apparatus ; and the table apparatus 5 3 and fusing the pellet to supply it to the nozzle side is 
is a Z table apparatus controllably moved in the Z - axis arranged in the cylinder 1. A gear pump 6 is provided on the 
direction by the control apparatus . tip side of the screw 4 , an a heater 7 for heating the inside 

of the cylinder is provided on the peripheral wall surface of 
Effect of the Invention the cylinder 1. A hopper 8 for supplying a resin material into 

10 the cylinder is provided on the upper side of the cylinder 1 . 
According to the present invention , the gear pump pro In the extrusion apparatus A illustrated in FIG . 1 , numeral 

vided on the tip side of the screw can control the discharge number 11 designates a nozzle heater for constantly keeping 
of the resin from the nozzle , correctly control the discharge the temperature of the fused resin in a nozzle part , and 
amount , and laminate the resins to make large molded numeral number 12 designates a gear pump heater for 
objects such as a house and a ship . Further , the three- 15 constantly keeping the temperature of the fused resin in a 
dimensional printer of the present invention can use various gear pump part . 
commercially available resin pellets without the need for As shown in FIG . 2 , the extrusion apparatus A having the 
using a filament - like material without regard to the materi structure is equipped with a first pressure gauge 9 for 
als , which provides also the wide use of the three - dimen measuring resin pressure at the tip position of the screw , and 
sional printer for fused deposition modeling . 20 the first pressure gauge 9 is provided on the tip side of the 

screw 4. Furthermore , a second pressure gauge 10 for 
BRIEF DESCRIPTION OF THE DRAWINGS measuring the resin pressure in the nozzle is preferably 

provided on the discharge side of the gear pump 6. In this 
FIG . 1 is a constitution view showing an example of a case , the control apparatus C controls the screw motor 3 of 

three - dimensional printer of the present invention . 25 the extrusion apparatus A , a gear pump motor 5 , a heater 
FIG . 2 is a sectional view showing an example of an ( cylinder heater ) 7 , a nozzle heater 11 , and a gear pump 

internal structure of an extrusion apparatus A ( material heater 12 so that the fused resin is stably discharged from the 
extrusion part ) in the three - dimensional printer of the pres tip of the nozzle based on pressure values measured by the 
ent invention . first pressure gauge 9 and the second pressure gauge 10 . 

FIG . 3 is a sectional view showing an internal structure of 30 In the present invention , the pellet placed in the hopper 8 
the extrusion apparatus A ( material extrusion part ) in the of the extrusion apparatus A is continuously supplied into 
three - dimensional printer of the present invention having a the cylinder 1. The pellet is fused and kneaded by the rotated 
structure different from that in FIG . 2 . screw 4 while being moved the nozzle 2 side in the heated 

cylinder 1 , and supplied to the gear pump 6 provided on the 
MODE FOR CARRYING OUT THE INVENTION 35 tip side of the screw 4. In the gear pump 6 , the rotation of 

the gear is controlled by the gear pump motor 5 to discharge 
As shown in FIG . 1 , a three - dimensional printer of the a fixed amount of the fused resin from the tip of the nozzle , 

present invention is equipped with : an extrusion apparatus A and the fused resin is sent out by the gear pump 6 , which is 
having a mechanism for fusing a pellet by heating , sending less likely to cause the clogging of the nozzle . Commercially 
a fused resin to the tip side of a nozzle , and controlling the 40 available gear pumps for extrusion - molding machine can be 
amount of the fused resin discharged from the tip of the used as the gear pump 6. In the present invention , when the 
nozzle ; a table apparatus B positioned facing the nozzle of discharge of the fused resin is stopped , the screw 4 and the 
the extrusion apparatus A ; and a control apparatus C for gear pump 6 are inversely rotated in a fixed amount to 
controlling the amount of the fused resin discharged from eliminate the pressure in the nozzle , which can effectively 
the nozzle of the extrusion apparatus A , and controlling the 45 prevent resin dripping from occurring from the tip of the 
movement of the extrusion apparatus A and / or the table nozzle 2. When materials having a low viscosity causing 
apparatus B in X - axis , Y - axis , and Z - axis directions with remarkable resin dripping are used , a pressure control appa 
respect to a reference plane . In this case , in the present ratus 13 as shown in FIG . 3 is provided in the nozzle 2 , to 
invention , any one of the extrusion apparatus A and the table instantly increase the volume of the internal space of the 
apparatus B may be moved through position control in the 50 nozzle , which eliminates the pressure in the nozzle . This can 
X - axis , Y - axis , and Z - axis directions with respect to the effectively prevent resin dripping having a low viscosity . 
reference plane , the position of the other apparatus being The pressure control apparatus 13 preferably includes a 
fixed , however , as shown in FIG . 1 , the extrusion apparatus piston member 14 ( shown by dotted line in FIG . 3 ) arranged 
A may be moved through position control in the X - axis and in the inside of the apparatus . The piston member 14 can be 
Y - axis directions with respect to the reference plane , the 55 moved forward and backward in a single - axis direction ( a 
table apparatus B being moved through position control in direction perpendicular to the axial direction of the nozzle ) 
the Z - axis direction with respect to the reference plane . The through position control by the pressure control apparatus 
three - dimensional printer of the present invention having the 13. The piston member 14 is always at a position ( see FIG . 
constitution shown in FIG . 1 can be produced by attaching 3 ) in which the nozzle side tip face of the piston member 14 
the extrusion apparatus A to a commercially available XY 60 coincides with the inner wall surface of the nozzle . When the 
positioning apparatus to allow the control apparatus C to pressure in the nozzle is reduced , the piston member 14 is 
provide position control , disposing a commercially available moved in a direction in which the volume of the internal 
Z table apparatus at a position facing the nozzle of the space of the nozzle is increased ( in a right side direction of 
extrusion apparatus A to allow the control apparatus C to FIG . 3 ) . In contrast , when the pressure in the nozzle is 
provide position control . 65 increased , the piston member 14 is extruded in the inner side 

FIG . 2 is a sectional view showing the internal structure direction of the nozzle ( in a left side direction of FIG . 3 ) to 
of the extrusion apparatus A in the three - dimensional printer decrease the volume of the internal space of the nozzle . An 
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actuator driving the piston member 14 may be of a pneu A cylinder temperature when the pellet material was 
matic type or an electric type , and an electric actuator is extruded using the three - dimensional printer of the present 
desirable in order to correctly control the internal volume of invention produced above was set to 230 ° C. , and a gear 
the nozzle . pump and nozzle temperatures were set to 240 ° C. 

The pellet - like resin material used for producing a molded As a molded object , a full - size model imitating the upper 
object using the three - dimensional printer of the present body portion of a human body was used . Data for producing invention is not particularly limited . Examples of the pellet the molded object was input into a control apparatus . When like resin material to be used include commercially available the molded object was produced using the three - dimensional pellets made of a polypropylene resin ( PP ) , a polyethylene 
resin ( PE ) , a polyacetal resin ( POM ) , a polyvinyl chloride printer of the present invention , the value of a first pressure 
resin ( PVC ) , a polyamide resin ( PA ) , an acrylonitrile - buta gauge when a resin was discharged ( numeral number 9 of 
diene - styrene resin ( ABS ) , a polylactic resin ( PLA ) , a poly FIG . 2 ) was controlled to 2 MPa by the control apparatus . 
phenylene sulfide resin ( PPS ) , and a polyether - ether - ketone When operation for preventing resin dripping was per 
( PEEK ) or the like . formed , a screw and a gear pump were controlled through 

The sizes ( a hopper volume , a screw length , a screw inverse rotation so that the value of a second pressure gauge 
diameter , a unit discharge amount of a gear pump , and a 15 ( numeral 10 of FIG . 2 ) was set to 0.2 MPa or less . 
nozzle diameter or the like ) of the extrusion apparatus A in The lamination pitch of a fused resin was set to 0.8 mm . 
the three - dimensional printer of the present invention are Only a first layer was molded at a molding speed of 40 
appropriately selected according to the size of a molded mm / s . After the molding of the first layer , the molding was 
object to be produced , without particular limitation . performed at a molding speed of 120 mm / s . 

When the production of the molded object using the 
EXAMPLES three - dimensional printer was started under environments of 

room temperature of 23 ° C. and humidity of 40 % under the 
Production Example 1 of Three - Dimensional conditions , the full - size model imitating the upper body 

Printer of the Present Invention portion of the human body could be molded with high 
accuracy for a molding time of 110 hours . 

A Z - axis table apparatus was produced , which was made 
of aluminum , included a cartridge heater and a thermo Production Example 2 of Three - Dimensional 
couple to allow temperature control , and included a table Printer of the Present Invention 
that could be elevated by a lead 5 of 020 as a ball screw 
( manufactured by THK ) . In this case , a table size was set to 30 A Z - axis table apparatus was produced , which had a 
a 1,000 - mm square , and an elevating range was set to 1,000 surface subjected to a blasting treatment , was made of 
mm . On the other hand , an XY motion unit for attaching an aluminum , included a cartridge heater ( total capacity : 5 kw ) 
extrusion apparatus was assembled with a linear guide and a thereto couple , could be controlled through PID by a 
( manufactured by THK ) and a ball screw ( manufactured by temperature regulator ( manufactured by Omron Corpora 
THK ) , and a movement distance in X - axis and Y - axis 35 tion ) . Two 5 - mm leads of 025 mm as ball screws for driving 
directions was set to a 1,000 - mm square . In this case , as a ( manufactured by THK ) were connected so as to be syn 
drive motor for moving the extrusion apparatus in each of chronized by a timing pulley and a timing belt . A structure 
the X - axis , Y - axis , and Z - axis directions , a servomotor capable of elevating a table was produced using a linear bush 
manufactured by Yasukawa Electric Corporation was used , ( manufactured by THK ) and four linear shafts of 030 mm for 
and a drive motor including a brake was used only for the 40 sliding . In this case , a table size was set to 1200 mm in an 
Z - axis direction . The drive motor was controlled by the X direction and 1200 mm in a Y direction . An elevating 
control apparatus , to control the positions of the extrusion range in a Z - axis direction was set to 1,000 mm . On the other 
apparatus on the X , Y , and Z axes . As the extrusion appa hand , an XY gantry unit for attaching an extrusion apparatus 
ratus , a cylinder including a screw L / D20 of 020 mm , was assembled by a linear guide ( manufactured by THK ) 
provided a discharge amount of 5 kg / h ( at 100 rpm ) , and 45 and a 10 - mm lead of $ 20 mm as a ball screw with pressur 
having a nozzle on a lower end part and a hopper on an upper ization ( manufactured by THK ) . A movement distance in an 
part side , was used . A geared brushless motor was used in X - axis direction was set to 1,000 mm , and a movement 
order to drive the screw . Two band heaters of 500 W were distance in a Y - axis direction was set to 1,000 mm . In this 
used as a cylinder heater for heating a cylinder part . A gear case , as the drive motor for moving the extrusion apparatus 
pump having 20 blades having a module pitch of 1 was used , 50 in each of the X - axis , Y - axis , and Z - axis directions , a 
and a geared stepping motor was used in order to drive the servomotor ( 1 kw ) manufactured by Mitsubishi Electric 
gear pump . The diameter of a nozzle hole was set to 1.0 mm . Corporation was used , and a drive motor including a brake 
A pressure gauge manufactured by RKC INSTRUMENT was used for only the Z - axis direction . 
INC . rated at 20 MPa was used for first and second pressure The resolution of a drive amplifier of the servomotor was 
gauges for measuring resin pressure . The extrusion appara- 55 set to 10,000 pulses / rotation , and the theoretical minimum 
tus was attached to the XY motion unit , and the discharge of resolution was set to 0.5 um per pulse on the Z - axis , and 1 
the resin from the nozzle was controlled by the control um per pulse on the X and Y axes . The servomotor drive 
apparatus , to produce a three - dimensional printer of the amplifier was controlled by a control apparatus to control the 
present invention having an internal structure shown in FIG . positions of the extrusion apparatus on the X , Y , and Z axes . 
2 . 60 As the extrusion apparatus , a cylinder including a fill flight 

screw L / D20 of 020 mm and having a nozzle on a lower end 
Preparation Example 1 of Molded Object Using part and a hopper on an upper part side , was used . A 
Three - Dimensional Printer of the Present Invention brushless motor with a reduction gear was used in order to 

drive the screw . As a cylinder heater for heating the cylinder 
ABS ( Toray Toyolac Grade 600 , particle diameter : 3 mm ) 65 part , two band heaters of 500 W were used , and the cylinder 

was prepared as a pellet material , and the pellet material was part was divided into two zones of a hopper and gear pump 
supplied to a hopper by a small auto loader . sides to allow control by the thermo couple and the tem 
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perature regulator . A gear pump made of high - speed steel was performed at 120 mm / s , and the peripheral part of the 
and having 20 blades having a module pitch of 1 was used layer was molded at 60 mm / s . The internal filling rate was 
for both a gear and a housing . A stepping motor with a 1/5 set to 10 % . 
reduction gear was used in order to drive the gear pump . When the production of the molded object using the 
Micro step setting of a stepping motor driver was set to 1/16 , 5 three - dimensional printer was started under environments of 
and the control of the discharge amount was allowed at a room temperature of 23 ° C. and humidity of 40 % under the 
dividing angle of 0.03 degree or less per pulse . The diameter conditions , the full - size model imitating the upper body 
of a nozzle hole was set to 1.0 mm , and a pressure gauge portion of the human body could be molded with high 
( manufactured by RKC INSTRUMENT INC . ) rated at 20 accuracy without causing stringiness from resin dripping for 
MPa was used for first and second pressure gauges for 10 a molding time of 135 hours . 
measuring resin pressure . A heater of 300 W was used for the INDUSTRIAL APPLICABILITY 
gear pump , and a heater of 150 W was used for the nozzle , 
to allow control by the thermo couple and the temperature Since the three - dimensional printer of the present inven 
regulator . The extrusion apparatus was attached to the XY 15 tion is less likely to cause the clogging of a nozzle , and can 
gantry unit , and the discharge of the resin from the nozzle use various commercially available resin pellets as a resin 
was controlled by the control apparatus , to produce a three material , the three - dimensional printer can produce a 
dimensional printer of the present invention having an molded object made of various materials , and is also suitable 
internal structure shown in FIG . 3 . for producing a large molded object . 

20 

30 

35 
axes . 

40 

Preparation Example 2 of Molded Object Using DESCRIPTION OF REFERENCE SIGNS 
Three - Dimensional Printer of the Present Invention 

A : extrusion apparatus 
Polylactic acid ( Nature Works Ingeo , particle diameter : B : table apparatus 

about 3 mm ) was prepared as a pellet material , and the pellet 25 C : control apparatus 
material was supplied to a hopper by a small auto loader . 1 : cylinder 

2 : nozzle A cylinder temperature when the pellet material was 
3 : screw motor extruded using the three - dimensional printer of the present 4 : screw invention produced above was set to 220 ° C. , and a gear 

pump and nozzle temperatures were set to 215 ° C. 5 : gear pump motor 
6 : gear pump A table was adjusted so that a distance between a nozzle 7 : heater ( cylinder heater ) tip of Z axis coordinate zero and a Z - axis table apparatus 8 : hopper 

was settled in the range of 0.2 to 0.4 mm in the whole area 9 : first pressure gauge of a square of 1,000 mm as the movable range of X and Y 10 : second pressure gauge 
11 : nozzle heater 

As a molded object , a full - size model imitating the upper 12 gear pump heater 
body portion of a human body was used . Data for producing 13 : pressure control apparatus 
the molded object was input into a control apparatus . When 14 : piston member 
the molded object was produced using the three - dimensional The invention claimed is : 
printer of the present invention , the value of a first pressure 1. A three - dimensional printer , comprising : 
gauge ( numeral number 9 of FIG . 3 ) when a resin was an extrusion apparatus including : 
discharged was controlled to 2 MPa by the control appara a cylinder with a cylinder heater , the cylinder receiving 
tus . When the discharge from a nozzle ( numeral number 2 of a resin material therein , and the cylinder heater 
FIG . 3 ) was stopped during molding , and operation for 45 fusing the resin material in the cylinder ; 
preventing resin dripping was performed , inverse rotation a screw arranged in the cylinder ; 
was performed at the speed of a screw ( numeral number 4 a screw motor for rotating the screw ; 
of FIG . 3 ) of 180 rpm and a rotation angle of 360 degrees , a gear pump with a gear pump heater , the gear pump 
and inverse rotation was performed at the speed of a gear being provided on a tip side of the screw ; 
pump ( numeral number 6 of FIG . 3 ) of 12.0 rpm and a 50 a gear pump motor for rotating the gear pump ; and 
rotation angle of 180 degrees . Control was performed to a nozzle with a nozzle heater ; and 
provide movement by 10 mm in a decompression direction a control apparatus configured to control an amount of a 
at the axial move speed of a resin pressure control apparatus fused resin discharged from a tip of the nozzle of the 
( numeral number 13 of FIG . 3 ) of 300 mm / second . When the extrusion apparatus , by controlling a rotation of the 
discharge from the nozzle was restarted , right rotation was 55 screw and a rotation of the gear pump , 
performed at the speed of the screw ( numeral number 4 of wherein the control apparatus is further configured to 
FIG . 3 ) of 180 rpm and a rotation angle of 360 degrees , and inversely rotate the screw and the gear pump by a 
right rotation was performed at the speed of the gear pump predetermined amount such that the fused resin is 
( numeral number 6 of FIG . 3 ) of 120 rpm and a rotation prevented from dropping from the tip of the nozzle 
angle of 180 degrees . Control was performed to provide 60 when the discharge of the fused resin is stopped during 
movement by 10 mm in a pressure increasing direction at the molding . 
axial move speed of a piston member ( numeral number 14 2. The three - dimensional printer according to claim 1 , 
of FIG . 3 ) provided in a resin pressure control apparatus wherein the gear pump heater , the nozzle heater , and the 
( numeral number 13 of FIG . 3 ) of 300 mm / second . cylinder heater are configured such that a heating tempera 

The lamination pitch of a fused resin was set to 0.6 mm . 65 ture preset to the gear pump heater and the nozzle hater is 
Only a first layer was molded at a molding speed of 40 higher than the heating temperature preset to the cylinder 
mm / s , and after the molding of the first layer , inner filling heater . 
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3. The three - dimensional printer according to claim 1 , the gear pump being provided on a tip side of the screw , a 
further comprising : gear pump motor for rotating the gear pump , a nozzle with 

a first pressure gauge for measuring a first resin pressure a nozzle heater , and a controller for controlling a rotation of 
at a tip position of the screw , the first pressure gage the screw and a rotation of the gear pump , the method 
being provided on the tip side of the screw ; and 5 comprising : 

a second pressure gauge for measuring a second resin providing a resin material into the cylinder ; 
pressure in the nozzle , the second pressure gage being heating the cylinder to fuse the resin material in the 
provided on a discharge side of the gear pump , cylinder ; 

wherein the control apparatus is further configured to rotating the screw to send a fused resin toward the nozzle ; 
control the discharge of the resin from the nozzle based 10 rotating the gear pump to controllably discharge the fused 
on the first and second resin pressures measured with resin through the nozzle ; 
the first and second pressure gauges , respectively . heating the gear pump and the nozzle while discharging 

the fused resin ; 4. The three - dimensional printer according to claim 1 , 
further comprising : controlling an amount of the fused resin discharged from 

a pressure control apparatus provided in the nozzle , the 15 a tip of the nozzle , by controlling the rotation of the 
pressure control apparatus controlling a pressure in the screw and the rotation the gear pump ; and 
nozzle by changing a volume of an internal space of the inversely rotating the screw and the gear pump by a 
nozzle . predetermined amount such that the fused resin is 

5. The three - dimensional printer according to claim 4 , prevented from dropping from the tip of the nozzle 
wherein the pressure control apparatus includes a piston 20 when the discharge of the fused resin is stopped during 
member configured to move forward and backward in a molding . 
direction perpendicular to an axial direction of the nozzle , 10. The method according to claim 9 , wherein the resin 
and the pressure control apparatus controls a movement of material is provided in a form of a pellet . 
the piston member to change the volume of the internal 11. The method according to claim 9 , wherein a heating 
space of the nozzle . 25 temperature preset for the gear pump and the nozzle is 

6. The three - dimensional printer according to claim 1 , higher than a heating temperature preset for the cylinder . 
further comprising : 12. The method according to claim 9 , further comprising : 

a table apparatus facing the nozzle of the extrusion measuring a first resin pressure at a tip position of the 
screw ; apparatus ; and 

an XY positioning apparatus to which the extrusion 30 measuring a second resin pressure in the nozzle at a 
apparatus is attached , the XY positioning apparatus discharge side of the gear pump ; and 
being movable in the X - axis and Y - axis directions , controlling the discharge of the resin from the nozzle 

wherein the control apparatus is further configured to based on the first and second resin pressures . 
control a movement of the XY positioning apparatus 13. The method according to claim 9 , further comprising : 
and a movement of the table apparatus in the Z - axis 35 controlling a pressure in the nozzle by changing a volume 
direction . of an internal space of the nozzle . 

7. The three - dimensional printer according to claim 1 , 14. The method according to claim 13 , further compris 
further comprising : ing : 

a positioning apparatus to which the extrusion apparatus providing a volume control member in the nozzle ; and 
is attached , the positioning apparatus being movable in 40 driving the volume control member such that the volume 
the X - axis , Y - axis , and Z - axis directions , of the internal space of the nozzle is increased when the 

wherein the control apparatus is further configured to discharge of the fused resin is topped , thereby further 
control a movement of the positioning apparatus . preventing dripping of the fused resin . 

8. The three - dimensional printer according to claim 1 , 15. The method according to claim 13 , wherein the 
further comprising : 45 controlling the pressure in the nozzle includes : 

a pressure control apparatus including a volume control providing a piston member in the nozzle ; and 
member provided in the nozzle , the pressure control moving the piston member forward and backward in a 
apparatus driving the volume control member so as to direction perpendicular to an axial direction of the 
increase a volume of an internal space of the nozzle nozzle so as to change the volume of the internal space 

of the nozzle . when the discharge of the fused resin is stopped . 
9. A method for operating a three - dimensional printer 16. The method according to claim 9 , further comprising : 

having an extrusion apparatus including a cylinder with a controlling a position of the extrusion apparatus in the 
cylinder heater , a screw inside the cylinder , a screw motor X - axis , Y - axis , and Z - axis directions . 
for rotating the screw , a gear pump with a gear pump heater , 
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