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DETACHABLE FILAMENT GUIDE AND NOZZLE MODULE FOR 3D

PRINTERS

TECHNICAL FIELD

The present invention is in the field of 3D printers and more particularly guide

and module nozzles for fused deposition modeling (FDM) printers.

CROSS-REFERENCE TO RELATED PATENT APPLICATIONS

This patent application claims priority from and is related to Israeli Patent

Application Serial Number 229012, filed 2 1 October 201 3 .

BACKGROUND

3D printing is a process of making a three-dimensional solid object of virtually

any shape from a digital model. 3D printing is achieved using an additive

process, where successive layers of material are laid down in different

shapes. 3D printing is also considered distinct from traditional machining

techniques, which mostly rely on the removal of material by methods such as

cutting or drilling (subtractive processes).

A materials printer usually performs 3D printing processes using digital

technology.

Additive manufacturing takes virtual blueprints from computer aided design

(CAD) or animation modeling software and "slices" them into digital cross-

sections for the machine to successively use as a guideline for printing.

Depending on the machine used, material or a binding material is deposited

on the build bed or platform until material/binder layering is complete and the

final 3D model has been "printed."

To perform a print, the machine reads the design and lays down successive

layers of liquid, powder, paper or sheet material to build the model from a

series of cross sections. These layers, which correspond to the virtual cross

sections from the CAD model, are joined or automatically fused to create the



final shape. The primary advantage of this technique is its ability to create

almost any shape or geometric feature.

Typical layer thickness is around 100 micrometers ( m), although some

machines such as the Objet Connex series and 3D Systems' ProJet series

can print layers as thin as 16 m. X-Y resolution is comparable to that of laser

printers. The particles (3D dots) are around 50 to 100 m in diameter.

Construction of a model with contemporary methods can take anywhere from

several hours to several days, depending on the method used and the size

and complexity of the model. Additive systems can typically reduce this time

to a few hours, although it varies widely depending on the type of machine

used and the size and number of models being produced simultaneously.

Several different 3D printing processes have been invented since the late

1970s. The printers were originally large, expensive, and highly limited in what

they could produce.

A number of additive processes are now available. They differ in the way

layers are deposited to create parts and in the materials that can be used.

Some methods melt or soften material to produce the layers, e.g. selective

laser melting (SLM) or direct metal laser sintering (DMLS), selective laser

sintering (SLS), fused deposition modeling (FDM), while others cure liquid

materials using different sophisticated technologies, e.g. stereolithography

(SLA). With laminated object manufacturing (LOM), thin layers are cut to

shape and joined together (e.g. paper, polymer, metal).

Fig. 1 depicts schematically the main components of a fused deposition

modeling (FDM) printer 100, comprising a nozzle 110 ejecting molten plastic,

deposited material (modeled part) 120 and controlled movable table 130.

Fused deposition modeling (FDM) uses a plastic filament or metal wire that is

wound on a coil and unreeled to supply material to an extrusion nozzle, which

turns the flow on and off. The nozzle heats to melt the material and can be

moved in both horizontal and vertical directions by a numerically controlled



mechanism that is directly controlled by a computer-aided manufacturing

(CAM) software package. The model or part is produced by extruding small

beads of thermoplastic material to form layers as the material hardens

immediately after extrusion from the nozzle. Stepper motors or servo motors

are typically employed to move the extrusion head.

The extruder is divided into two main parts:

- the feeding section that is responsible for pulling filament from a spool

and push it towards the nozzle; and

- the "hot-end" that is responsible for melting the filament and letting it

flow through the nozzle.

The hot-end has three main parts:

- the guide section that guides the filament from the feeding mechanism

towards the heating block;

- the heating block where the filament melts; and

- a nozzle having a specific orifice diameter.

Various polymers are used, including acrylonitrile butadiene styrene (ABS),

polycarbonate (PC), polylactic acid (PLA), high density polyethylene (HDPE),

PC/ABS, and polyphenylsulfone (PPSU). In general the polymer is in the form

of a filament, which can be fabricated from virgin resins or from post-

consumer waste by recyclebots.

The most common problem with 3D printer is material being stuck inside the

filament guide or the nozzle.

In existing extruders, the filament guide is mechanically connected to the

feeding mechanism and the heating block is mechanically connected to the

filament guide. The nozzle is mechanically connected at the bottom part of the

heating block. When maintenance of the filament guide is required, it is

necessary to disassemble the heating block that has electrical wires before it

is possible to take apart the filament guide. This operation is complex and not

practical for unprofessional users of consumer products.



In the last years, 3D printers entered the consumer market and are not

anymore expensive products for just engineers and industrial designers. Just

a few years ago, sales of 3D printers included service by professional

technicians. However, in today's fast growing low level market, easy

maintenance and repair become essential.

SUMMARY

According to the present invention there is provided a Fused Deposition

Modeling (FDM) 3D printer extruder comprising: a filament feeding

mechanism; a heating block unit; a motor configured to operate the feeding

mechanism; and a detachable integrated filament guide and nozzle unit

module (DFGNM) configured to be removed without taking apart the heating

block unit.

The DFGNM may be connected to the heating block unit.

The heating block may be rigidly and directly connected to the extruder body.

The rigid and direct connection of the heating block to the extruder body may

be by a "C shaped" construction.

The rigid and direct connection of the heating block to the extruder body may

be by spacers.

The filament guide and the nozzle may be connected by thread.

The filament guide and the nozzle may be connected by welding.

The filament guide may be connected to the extruder feeding mechanism by

one of slide fitting and thread.

I may not be necessary to readjust the nozzle height after replacement.

BRIEF DESCRIPTION OF THE DRAWINGS



For better understanding of the invention and to show how the same may be

carried into effect, reference will now be made, purely by way of example, to

the accompanying drawings.

With specific reference now to the drawings in detail, it is stressed that the

particulars shown are by way of example and for purposes of illustrative

discussion of the preferred embodiments of the present invention only, and

are presented in the cause of providing what is believed to be the most useful

and readily understood description of the principles and conceptual aspects of

the invention. In this regard, no attempt is made to show structural details of

the invention in more detail than is necessary for a fundamental

understanding of the invention, the description taken with the drawings

making apparent to those skilled in the art how the several forms of the

invention may be embodied in practice. In the accompanying drawings:

Fig. 1 depicts schematically the main components of a fused deposition

modeling (FDM) printer;

Fig. 2 is a schematic design of a 3D printer extruder according to the present

invention;

Fig. 3A is a schematic design of section A-A of Fig. 2 ;

Fig. 3B is a schematic design of an exemplary connection between the

feeding mechanism and the heating block;

Fig. 4 is a schematic design of the DFGNM 400 according to the present

invention;

Fig. 5 shows side by side an exploded representation of existing hot end

design and the novel hot end design; and

Fig. 6 shows the filament guide and the nozzle, which may be connected by

thread or welded together.



DETAILED DESCRIPTION OF THE INVENTION

The present invention provides a new mechanical design of the most

critical/important component of any FDM (Fused Deposition Modeling) 3D

printer: the extruder. Unlike existing designs, the new mechanical design

enables the replacement of the most critical and problematic components of

the 3D printers' extruder, the filament guide and the nozzle, which constitute a

single detachable module that is very easy to replace without the need to

disassemble the heating block and without disconnecting any electricity wires.

The module can be detached from the heating block by easy unclamping or

other simple operation, and can be replaced with a new one.

In the novel mechanical design of the extruder, the hot-end is mechanically

attached to the filament feeding mechanism but the filament guide and nozzle

unit is detachable by simple clamp or similar mounting.

Another important feature of the design is that replacing the filament guide

and the nozzle module does not change the nozzle height so that it is not

necessary to readjust the nozzle height. Thus such a maintenance operation

is similar to replacing an ink cartridge on inkjet printer.

Fig. 2 is a schematic design of a 3D printer extruder 200 comprising a filament

feeding mechanism 2 10 , adapter plate 220 that connects the feeding

mechanism to the heating block 230 and a motor 240.

A fan 275 (Fig. 3) may optionally comprise a part of the extruder 200.

Fig. 3A is a schematic design of section A-A of Fig. 2 , showing details of the

extruder 200, comprising:

- On top, the Extruder feeding mechanism 2 10 comprising:

· Filament stock 245.

• Feeding mechanism housing 250.

• Idler bearing 255.

Hobbed gear 260.



The idler bearing 255 presses the filament towards the hobbed gear 260.

The motor 240 rotates the hobbed gear that pushes the filament towards

the hot end.

At the bottom of Fig. 3A, the hot end 300 comprising:

· DFGNM (detachable integrated filament guide and nozzle unit

module) 400 that is shown separately in Fig. 4 comprising

filament guide 265 and nozzle 270

• An optional heat sink 280 which is threaded or clamped to the

guide

· Optional Fan 275

• Heating block 230

The filament guide 265 is connected to the extruder feeding mechanism

housing 250 by slide fitting or thread, i.e. not a rigid connection, so it is

possible to detach it downward.

Fig. 3B shows schematically what is titled "C shape construction" comprising

the extruder feeding mechanism 2 10 , adapter plate 220, and heating block

230. The same invention can be implemented by other connection between

the feeding mechanism and the heating block. For example, as depicted

schematically in Fig. 3C, spacers 420 may connect the feeding mechanism

and the heating block on both sides of the guide.

In existing designs, the heating block is connected to the guide and the

guide is connected to the feeding mechanism permanently so in order to take

apart the guide it is necessary to take apart the heating block, which means to

take apart almost the entire hot end. According to the present invention's hot

end construction, there is a connection between the heating block and the

feeding mechanism (as shown in Figs. 2 and 3), enabling the removal of the

DFGNM (detachable integrated filament guide and nozzle unit module)

without taking apart the heating block unit.



Fig. 5 shows side by side an exploded representation of existing hot end

design 500 (Fig. 5A) and the novel hot end design 300 (Fig. 5B).

Existing hot end design 500 comprises:

* Feeding mechanism 520

Feeding mechanism connector 540.

Filament guide 550.

Heating block 530.

Nozzle 560.

The novel hot end design 300 comprises:

• Filament feeding mechanism 2 10

• Adapter plate 220

• Heating block 230

The DFGNM 400 is attached to the heating block by simple clamp or by

thread.

Fig. 4 is a schematic design of the DFGNM 400 according to the present

invention, comprising the filament guide 265 and the nozzle 270. On the

nozzle design there is a shoulder feature 290 that is accurate relative to the

nozzle exit so it is not necessary to readjust the nozzle height after

replacement.

Fig. 6 shows the filament guide 265 and the nozzle 270, which may be

connected by thread or welded together.

The novel extruder of the present invention is also compatible with 3D printer

extruders that use glass as the deposit material (melted glass flows in the

guide and the nozzle).



CLAIMS

1. A filament guide and nozzle replacement method, comprising:

providing a Fused Deposition Modeling (FDM) 3D printer extruder

comprising:

a filament feeding mechanism;

a heating block unit;

a motor configured to operate said feeding mechanism; and

a detachable integrated filament guide and nozzle unit module

(DFGNM); detaching said DFGNM from said heating block unit in a

manner that prevents the need to disassemble said heating block unit;

disconnecting said DFGNM from said filament feeding mechanism;

connecting another DFGNM to said filament feeding mechanism; and

attaching said other DFGNM to said block unit.

2 . The method of claim 1, wherein the heating block is rigidly and directly

connected to the extruder body.

3 . The method of claim 2 , wherein the rigid and direct connection of the

heating block to the extruder body is by a "C shaped" construction.

4 . The method of claim 2 , wherein the rigid and direct connection of the

heating block to the extruder body is by spacers.

5 . The method of claim 1, wherein the filament guide and the nozzle are

connected by thread.

6 . The method of claim 1, wherein the filament guide and the nozzle are

connected by welding.

7 . The method of claim 1, wherein said detaching comprises unclamping.

8 . The method of claim 1, wherein said attaching comprises clamping.

9 . The method of claim 1, wherein said disconnecting comprises one of slide

fitting and thread.

10 .The method of claim 1, wherein said connecting comprises one of slide

fitting and thread.

11.A Fused Deposition Modeling (FDM) 3D printer extruder comprising:

a filament feeding mechanism;

a heating block unit;

a motor configured to operate said feeding mechanism; and



a detachable integrated filament guide and nozzle unit module

(DFGNM);

wherein said heating block unit is mechanically attached to said filament

feeding mechanism by a "C shaped" construction; and

wherein said DFGNM is configured to be removed in a manner that

prevents the need to disassemble said heating block unit.

12 .The extruder of claim 11, wherein the DFGNM is connected to the heating

block unit.

13 .The DFGNM of claim 12 , wherein the filament guide and the nozzle are

connected by thread.

14 .The DFGNM of claim 12 , wherein the filament guide and the nozzle are

connected by welding.

15 .The DFGNM of claim 12 , wherein the filament guide is connected to the

extruder feeding mechanism by one of slide fitting and thread.

16. A Fused Deposition Modeling (FDM) 3D printer extruder comprising:

a filament feeding mechanism;

a heating block unit;

a motor configured to operate said feeding mechanism; and

a detachable integrated filament guide and nozzle unit module

(DFGNM);

wherein said heating block unit is mechanically attached to said filament

feeding mechanism by spacers; and

wherein said DFGNM is configured to be removed in a manner that

prevents the need to disassemble said heating block unit.

17 .The extruder of claim 16, wherein the DFGNM is connected to the heating

block unit.

18 .The DFGNM of claim 17 , wherein the filament guide and the nozzle are

connected by thread.

19 .The DFGNM of claim 17 , wherein the filament guide and the nozzle are

connected by welding.

20. The DFGNM of claim 17 , wherein the filament guide is connected to the

extruder feeding mechanism by one of slide fitting and thread.
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