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SYSTEMS AND METHODS FOR LASER energy generation and / or control , and / or the like may not be 
PREHEATING IN CONNECTION WITH described in detail herein . Furthermore , the connecting lines 

FUSED DEPOSITION MODELING shown in various figures contained herein are intended to 
represent exemplary functional relationships and / or physical 

CROSS - REFERENCE TO RELATED or communicative couplings between various elements . It 
APPLICATIONS should be noted that many alternative or additional func 

tional relationships may be present in a practical additive 
This application claims priority to , and the benefit of , U.S. manufacturing system ( for example , a Fused Deposition 

Provisional Application Ser . No. 62 / 217,552 filed on Sep. Modeling ( FDM ) system ) utilizing laser heating and related 
11 , 2015 and entitled " SYSTEMS AND METHODS FOR methods of use . 
LASER PREHEATING IN CONNECTION WITH FUSED With reference now to FIG . 1 , principles of the present 
DEPOSITION MODELING ” . The foregoing application is disclosure contemplate additive manufacturing utilizing 
hereby incorporated by reference in its entirety for all laser energy , for example laser heating of a target area in 
purposes . connection with fused deposition modeling . In various 

exemplary embodiments , a focused laser beam is used to TECHNICAL FIELD locally heat up a part surface during a Fused Deposition 
Modeling ( FDM ) three - dimensional printing process to The present disclosure relates to additive manufacturing , enhance bonding between the filament exiting the FDM and particularly to additive manufacturing approaches uti 

lizing laser - based preheating . 20 nozzle and the target surface . Through the enhancement in 
inter - filament bonding through this real - time local pre 

BACKGROUND heating process , the strength of an FDM part in the across 
layer direction can be nearly identical to that in the along 

Currently , additive manufacturing approaches suffer from filament directions . As used herein , “ laser heating ” , “ laser 
various drawbacks , for example property anisotropy in parts 25 pre - heating ” , or similar terms may be used interchangeably 
produced by filament extrusion - based processes ; in many to refer to use of a laser to increase the temperature of a 
approaches , inter - layer strength is often only between about substrate prior to deposition of an FDM filament . 
10 % and 50 % of the strength in the along - the - filament Current additive manufacturing processing capability 
direction . Accordingly , improved additive manufacturing limitations prevent many candidate parts from being eco 
systems and methods remain desirable . 30 nomically viable at production volumes and often require 

extensive secondary post processing to achieve the same 
BRIEF DESCRIPTION OF THE DRAWINGS characteristics as conventionally produced parts . In the 

context of FDM technology , one of the issues that has 
With reference to the following description and accom plagued the large - scale adoption of FDM parts in rigorous 

panying drawings : 35 engineering applications is the property anisotropy in FDM 
FIG . 1 illustrates an exemplary fused deposition modeling parts . For example , FDM parts typically exhibit low part 

system utilizing laser heating in accordance with an exem strength in the direction along which the layers are added . 
plary embodiment ; Depending on a number of process parameters , the normal 

FIG . 2A illustrates an exemplary fused deposition mod to - layer direction strength is only 10 % -65 % of that in the 
eling system utilizing laser heating in accordance with an 40 along - the - filament direction . Prior efforts have been made to 
exemplary embodiment ; try to address this , for example by optimization of process 

FIG . 2B illustrates operation of an exemplary fused parameters , post - fabrication surface treatments , and post 
deposition modeling system utilizing laser heating in accor fabrication heat treatments . However , an effective method to 
dance with an exemplary embodiment ; increase the layer - to - layer bond strength has not been 

FIG . 3 illustrates thermal characteristics of operation of an 45 achieved by prior approaches . 
exemplary fused deposition modeling system utilizing laser To address these and other shortcomings of prior 
heating in accordance with an exemplary embodiment ; and approaches , principles of the present disclosure contemplate 

FIGS . 4A through 4F illustrate comparisons between a real - time active laser local heating process where a laser 
characteristics of parts produced via conventional fused ( for example , a laser having a wavelength of between about 
deposition modeling systems and parts produced via opera- 50 750 nanometers and about 1400 nanometers ) supplies ther 
tion of an exemplary fused deposition modeling system mal energy at a tightly focused spot located in front of the 
utilizing laser heating in accordance with an exemplary leading side of the FDM nozzle as it travels . In various 
embodiment . exemplary embodiments , as the polymer extrudate touches 

the surface of the existing layer , the three stages of wetting , 
DETAILED DESCRIPTION 55 diffusion , and randomization needed to form a strong inter 

molecular - penetrated bond takes place to a much larger 
The following description is of various exemplary extent as compared to deposition processes without local 

embodiments only , and is not intended to limit the scope , pre - heating . Important physical principles of these disclosed 
applicability or configuration of the present disclosure in any enhancements to the FDM process lies in the thermally 
way . Rather , the following description is intended to provide 60 activated and thermally driven intermolecular penetration 
a convenient illustration for implementing various embodi process ( diffusion and randomization ) that only takes place 
ments including the best mode . As will become apparent , adequately when an amorphous polymer is heated to above 
various changes may be made in the function and arrange its glass transition temperature ( Tg ) . Unlike the common 
ment of the elements described in these embodiments with build envelope heating method , where the highest tempera 
out departing from the scope of the present disclosure . 65 ture used is around 50 % of a typical polymer Tg to prevent 

For the sake of brevity , conventional techniques for dimensional and geometrical issues , exemplary laser - based 
additive manufacturing , fused deposition modeling , laser local pre - heating systems and methods provide targeted and 
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localized pre - heating of a desired bond site above its Tg acid ( PLA ) , acrylonitrile butadiene styrene ( ABS ) , ABSi , 
without a negative impact on the part dimension and geom polyphenylsulfone ( PPSF ) , polycarbonate ( PC ) , polyether 
etry . imide , and / or the like . 
As compared to prior approaches , exemplary systems and Control board 230 may comprise any suitable electronic 

processes can bring the temperature of the bonding site to 5 components , for example microprocessors , resistors , capaci 
very high temperatures . The heat is confined to an extremely tors , inductors , transistors , diodes , light - emitting diodes , 
small volume . This allows for drastic increases in bond switches , traces , jumpers , fuses , amplifiers , antennas , and so 
strength without affecting part structural integrity and tol forth , in order to control operation of FDM system 200. In 
erances during the building process . Moreover , exemplary some exemplary embodiments , FDM system 200 is control 
laser heating processes disclosed herein may be fully inte- 10 lable via a link to a software program operative on a personal computer . grated with existing FDM approaches and can be switched In some exemplary embodiments , FDM system 200 uti on and off , as desired , without effecting the intrinsic FDM lizes an X - axis motor 216 , a y - axis motor 217 , and a z - axis process . motor 218. These motors may be operable to position and / or With reference now to FIG . 1 , in an exemplary embodi 15 relocate components of FDM system 200 , for example ment an FDM system 100 with laser preheating comprises extruder assembly 212 , nozzle 213 , and / or build plate 219 , 
an FDM component 110 , a laser heating component 120 , and as desired . However , any suitable components or systems for 
a control component 130. FDM component 110 is config translation , rotation , and / or other movement of relevant 
ured to provide fused deposition modeling capabilities . portions of FDM system 200 are considered to be within the 
Laser heating component 120 is configured to couple to 20 scope of the present disclosure . 
and / or integrate with FDM component 110 in order to In various exemplary embodiments , laser source 222 ( for 
provide localized heating ahead of a nozzle of FDM com example a near - IR laser having a wavelength of between 
ponent 110. Control component 130 is configured to govern about 750 and about 850 nanometers ) is focused down to a 
and / or control the operation of FDM component 110 and sub - millimeter spot size and directed ( for example , using 
laser heating component 120 , and / or to interface with exter- 25 one or more mirrors 224 ) to a spot of illumination on an 
nal systems and controllers . FDM part surface ( for example , about 1 mm to about 2 mm 

With reference now to FIG . 2A , in an exemplary embodi away from nozzle 213 on the leading side of nozzle 213 ) . 
ment an FDM system 100 , for example FDM system 200 , The intensity of the laser generated by laser source 222 is 
comprises an extruder assembly 212 having a nozzle 213 for precisely tuned and coupled with the other process param 
deposition of a filament 215 , an x - axis motor 216 , a y - axis 30 eters of the FDM process such that the polymer surface at 
motor 217 , at least one z - axis motor 218 , a laser source 222 , the spot where the laser illuminates can be rapidly raised to 
at least one guide mirror 224 , and a focusing lens 226. FDM above its critical temperature ( i.e. , softening or glass tran 

sition temperature depending on the structure of the poly system 200 may also comprise a build plate 219 for use in mer ) . depositing 3 - D printed objects thereon ; build plate 219 may This temperature increase allows for the interface be fixed in place or may be translatable and / or rotatable in between the exiting filament 215 from nozzle 213 and the the x , y , and z dimensions . Additionally , FDM system 200 surface it is deposited on to be maintained at a temperature 
may utilize a control board 230 . above the polymers critical temperature for a controlled 

In some exemplary embodiments , FDM system 200 may amount of time . Therefore , operation of FDM system 200 
utilize multiple laser sources 222. Laser sources 222 may be 40 allows the three stages of a molecular healing process : ( i ) 
identical , or may differ from one another ( for example , in wetting ; ( ii ) diffusion ; and ( iii ) randomization , to take place . 
intensity , wavelength , etc. ) . Laser sources 222 may share a These three stages of molecular healing as facilitated by 
common optical path , or different optical paths . In this FDM system 200 allow for reduction of ( and / or disappear 
manner , a single FDM system 200 may be configured for use ance of ) the “ interface ” between the deposited filament 215 
with various materials , via operation of different laser 45 and the polymer surface , significantly increasing the 
sources 222. Moreover , in some embodiments multiple laser strength of the interface . 
sources 222 may be simultaneously operative in FDM In an exemplary embodiment utilizing FDM system 200 , 
system 200 , for example in order to characterize process pre - deposition heating or localized heating is utilized to 
temperatures , achieve a desired level of heating in a target introduce crosslinks between polymer chains in a three - fold 
area ahead of nozzle 213 while minimizing ablation of the 50 process involving melting , diffusion and randomization . In 
target area , and / or the like . this embodiment , laser source 222 comprises a 2 - watt laser 

Extruder assembly 212 may comprise any suitable FDM with an intensity attenuator , in order to control the amount 
extruder as is known in the art . In certain exemplary of heating on the part surface . Additionally , an existing FDM 
embodiments , FDM system 200 may utilize multiple machine may be outfitted with a temperature monitoring 
extruder assemblies 212 , for example in order to enable 55 system for real time laser source 222 power control , and a 
deposition of multiple filaments 215 ( which may be the thermal history of the FDM part can be obtained , for 
same , or different materials ) . In this manner , FDM - printed example through modeling or recording . 
parts having desired characteristics or combinations of char In various exemplary embodiments , laser source 222 may 
acteristics may be formed ; moreover , certain portions of a be operated continuously . In other exemplary embodiments , 
part may be formed primarily ( or exclusively ) from a first 60 laser source 222 may be pulsed , modulated , and / or other 
filament 215 , while other portions of the part may be formed wise tuned or controlled ( for example , responsive to changes 
primarily ( or exclusively ) from a second filament 215 , in in movement speeds of nozzle 213 , based on characteristics 
order to achieve a desired strength , weight , tolerance , ther of the material comprising filament 215 , based on the current 
mal performance , or other characteristics of different por location of nozzle 213 with respect to a part under construc 
tions of the FDM - printed part . In various exemplary 65 tion , and / or the like ) . 
embodiments , filament 215 may comprise a suitable ther In an exemplary embodiment of FDM system 200 , a 
mopolymer , for example one or more of nylon , polylactic “ Lulzbot ” brand mini desktop 3 - D printer with a 0.5 mm 

35 
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nozzle diameter and black M30 ABS filaments may be filament 215 , the interface between filament 215 and the 
utilized . However , any suitable existing or contemplated existing substrate is provided with a significantly elevated 
FDM system may be utilized in connection with principles temperature , facilitating wetting , diffusion , and randomiza 
of the present disclosure . In various exemplary embodi tion . 
ments , the following process inputs are used : a nozzle 5 With reference now to FIG . 4B , illustrated are results 
temperature of 230 degree Celsius , a bed temperature of 110 obtained from three - point bending tests of samples built 
degree Celsius , 0.3 mm layer thickness , and 1 mm road with intrinsic FDM processes and with an exemplary laser 
width . Exemplary extrusion rates may be calculated , for pre - deposition heating approach as exemplified by operation 
example by suitable slicer software ( such as open source of FDM system 200. Both sets of samples were built at a 
software Slic3r ) and various print speeds may be used . For 10 nozzle speed of 5 mm per second , and the laser preheated 
infill , rectilinear pattern with 100 % fill density or other samples were created with a pre - deposition laser heating 
suitable patterns may be utilized . In some exemplary power of 0.15 W. As can be seen , the peak bending load of 
embodiments , the build orientations are such that when the the localized pre - deposition laser heated sample is more than 
FDM - created part is subjected to bending , tensile load is double when compared to the control sample . When sub 
born in the part in the across - layer direction on the side of 15 jected to loading , interlayer separation for the control sample 
the printed part with laser heating . exhibits a brittle fracture behavior , which can be seen by the 

In an exemplary embodiment , to allow laser illumination sharp decrease in bending load for an almost constant 
on the polymer surface , a custom optical system is integrated deflection value . In contrast , the laser pre - deposition heated 
into FDM system 200. Two optical mirrors 224 ( 12 mm dia . , sample shows a ductile fracture behavior , characterized by a 
3 mm thick , Gold coated ) are mounted on the Z- as well as 20 gradual change in bending load with deflection . The fracture 
X - axis such that the laser can be directed from laser source behaviors have been confirmed in Scanning Electron Micro 
222 ( for example , a 2 W continuous wave diode laser @ 808 graph ( SEM ) images of the interlayer fracture regions , 
nm , 3 mm spot size at aperture ) to a spot about 1 mm away which are shown in FIG . 4C . A close observation of the 
from nozzle 213 on the polymer surface at any build height . interlayer interface where the fracture occurred shows the 
A focusing lens 226 ( for example , Techspec Near IR ( NIR ) 25 differences in morphology , with the laser pre - deposition 
Achromatic Lens , 25 mm Dia.x100 mm ) may be used to heated sample displaying a rougher surface . This is attrib 
focus the laser spot down to a desired size , for example uted to the plastic - deformation of the layers adjacent to the 
around 1 mm in diameter when nozzle 213 is about 0.5 mm interlayer interface through which the crack propagation 
away from a surface . A glan polarizer - rotating polarizing occurred during the 3 - point bending test . It has also been 
prism couple ( GL5 - B , PRMOS GL5 from Thorlabs ) or other 30 observed that under certain conditions , the crack has propa 
suitable components may be utilized as an attenuator for gated across multiple build layers , which shows the extent of 
laser intensity adjustment . A schematic of an exemplary the volume affected by the pre - deposition heating technique 
implemented system is shown in FIG . 2A , and a close - up disclosed herein . As a consequence , the observed area under 
illustration of laser energy being deposited into the substrate the bending load versus deflection curve is much larger for 
is shown in FIG . 2B . 35 the sample with an exemplary laser heating process imple 

In accordance with various exemplary embodiments , mented , and this area has been quantified by a " toughness 
printed parts may be built based on fixed parameters but with factor ” . 
varying speeds for nozzle 213 and varied intensity of laser The “ toughness factor ” is essentially a quantity or mea 
source 222. In one exemplary embodiment , samples were sure that characterizes how much bending load and corre 
built for various parameter combinations ; bending tests were 40 sponding layer deformation is required to separate two 
performed on each , and the loads at bending fracture point layers . It may be calculated by summing the trapezoidal area 
of each sample were recorded . Three - point bending tests under the bending load and deflection curve . This quantity 
were used for all printed parts using custom - built tooling was determined and compared for samples built with a 
fitted to a hydraulic tensile tester . The intensity of laser nozzle speed of 5 mm / s and for a range of pre - deposition 
source 222 was controlled using the rotation of the polarizer- 45 laser heating powers . A gradual increase in the energy 
couple attenuator . Shown in FIG . 4A are exemplary results received at the layer surface is expected as the laser power 
demonstrating clear increase in inter - layer bond strength of is increased . This produces higher interlayer interface tem 
about 60 % at a particular laser intensity . peratures leading to greater diffusion of polymer chains 

In various exemplary embodiments , an optical pathway along the build direction . Shown in FIG . 4D are peak 
utilized for laser heating in FDM system 200 may also be 50 flexural stress values of samples recorded during a 3 - point 
utilized for temperature monitoring , measurement , and / or bending test , as well as the toughness of the interlayer bond , 
control . For example , the optical path utilized to deliver plotted against a range of laser heating powers . It is observed 
energy from laser source 222 for heating may also be that both quantities follow an upward trend until laser power 
utilized to monitor / measure the local temperature of a poly reaches 0.15 watts . Moreover , the interlayer bond toughness 
mer surface as it is being heated . It will be appreciated that 55 values merit examination . As can be seen , the demonstrated 
other optical pathways may be utilized for temperature values show that the existence of the physical interlayer 
monitoring , measurement , and / or control . In this manner , interface can be reduced with an increase in interlayer 
the thermal history of the entire volume of the FDM part can interface temperatures . Accordingly , via application of prin 
also be recorded . This information can be used to predict the ciples of the present disclosure , FDM - produced parts may 
properties of the FDM part . It can also be used as part of a 60 achieve properties in the build direction that more closely 
feedback control to monitor and control material property in resemble bulk properties of the material in question . 
real time during a build process . With reference now to FIG . 4E , illustrated are results for 
With reference now to FIG . 3 , thermal characteristics exemplary interlayer interface temperature measurement 

associated with operation of FDM system 200 are disclosed . data obtained with an embedded K - type thermocouple . The 
As can be seen , thermal energy is deposited , via operation of 65 lower curve ( control sample ) represents the interface tem 
laser source 222 , into a spot on the existing substrate located perature data obtained from the intrinsic FDM process 
ahead of nozzle 213. As nozzle 213 advances , depositing measurements . The peak temperature recorded at the inter 
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face was about 77 ° C. , which takes place at the point when intended to be included within the scope of the present 
the new extrudate is deposited onto the deposition surface . disclosure and may be expressed in the following claims . 
While the temperature recorded was below the glass tran The present disclosure has been described with reference 
sition temperature for the material in question , some bond to various embodiments . However , one of ordinary skill in 
ing still takes place between layers for the control sample . 5 the art appreciates that various modifications and changes 
Transitioning to an assessment of the laser heated sample can be made without departing from the scope of the present 
( the upper curve ) , two peaks can be seen . The first peak disclosure . Accordingly , the specification is to be regarded in 
corresponds to the laser beam spot passing over the ther an illustrative rather than a restrictive sense , and all such 
mocouple junction , while the second peak occurs when the modifications are intended to be included within the scope of 
extrudate is deposited onto the pre - heated surface . The 10 the present disclosure . Likewise , benefits , other advantages , and solutions to problems have been described above with pre - deposition surface was heated to around 82 ° C. and the regard to various embodiments . However , benefits , advan interlayer interface temperature rose to about 135º C. This tages , solutions to problems , and any element ( s ) that may interface temperature is much higher than that of the control cause any benefit , advantage , or solution to occur or become sample ; additionally , it remains above glass transition for a more pronounced are not to be construed as a critical , relatively longer period of time . When compared to the required , or essential feature or element of any or all the 
control sample , it is evident that pre - deposition surface claims . 
heating using the laser beam spot produces higher surface As used herein , the terms “ comprises ” , “ comprising ” , or 
temperatures and higher interlayer interface temperatures . any other variation thereof , are intended to cover a non 

To present the influence of interface temperature over 20 exclusive inclusion , such that a process , method , article , or 
interlayer bond strength , a “ thermal bonding potential ” term apparatus that comprises a list of elements does not include 
is utilized herein . This term quantifies the capacity of the only those elements but may include other elements not 
thermal energy required to increase polymer chain diffusion expressly listed or inherent to such process , method , article , 
across the interlayer interface , leading to a stronger inter or apparatus . When language similar to “ at least one of A , B , 
layer bond . A greater thermal bonding potential ” reflects 25 or C ” or “ at least one of A , B , and C ” is used in the claims 
greater interlayer bond strength . A bond potential tempera or specification , the phrase is intended to mean any of the 
ture of 60 ° C. is utilized in FIG . 4E as a base of reference , following : ( 1 ) at least one of A ; ( 2 ) at least one of B ; ( 3 ) at 
and the thermal bond potential for each sample is calculated least one of C ; ( 4 ) at least one of A and at least one of B ; ( 5 ) 
by summing the trapezoidal area under the interlayer tem at least one of B and at least one of C ; ( 6 ) at least one of A 
perature versus time graphs . This was performed for a 30 and at least one of C ; or ( 7 ) at least one of A , at least one of 
constant nozzle velocity of 5 mm / s over a range of pre B , and at least one of C. 
deposition laser heating powers . By obtaining these values , 
a relation can be drawn between interlayer bond toughness What is claimed is : 
and the thermal bonding potential . 1. A method for additive manufacturing , the method 
Shown in FIG . 4F is a double y - axes graphical represen- 35 comprising : 

tation of exemplary interlayer bond toughness and thermal heating , via a first laser , a first target area on a part under 
bond potential values plotted against a range of powers of construction via a fused deposition modeling ( FDM ) 
the laser beam from laser source 222. The control sample machine ; 
displays the smallest interlayer bond toughness value , con heating , via a second laser having a wavelength different 
sistent with the fact that it has the smallest thermal bonding 40 than the first laser , the first target area at the same time 
potential . With the introduction of pre - deposition laser heat the first target area is heated by the first laser ; 
ing in accordance with principles of the present disclosure , extruding , from a first nozzle of the FDM machine , a first 
a steady rise in interlayer bond toughness occurs as well as polymer onto the first target area ; 
the corresponding thermal bonding potential values . A larger controlling , via an electronic control unit , an applied 
area under the temperature - time graph contributes to greater 45 power of the first laser , an applied power of the second 
polymer chain diffusion between the layers . However , it is laser , and an extrusion rate of the first nozzle to achieve 
important to note that , under these conditions , if the laser a desired characteristic in the part under construction ; 
power is elevated to 0.2 watts , a drop in interlayer bonding monitoring , via a temperature sensing apparatus and 
toughness is seen , even though the thermal bonding poten along an optical path coaxial with the first laser , thermal 
tial is the highest ! This is because , at high temperatures , 50 information for the part under construction , wherein the 
evaporation of material from the target surface is observed , thermal information consists of the local temperature of 
which causes defects to be formed on the pre - deposition the first target area as it is being heated ; and 
surface ; this leads to voids between the deposition surface recording , via the electronic control unit , the thermal 
and the extruded filament 215 . information to create a thermal history of the entire 

Via use of exemplary systems and methods disclosed 55 volume of the part under construction , 
herein , FDM processes may be significantly improved . wherein the first target area is heated , by the first laser and 
Bonding between filaments and between layers is increased . the second laser and prior to the extruding the first 
Voids between filaments and between layers are decreased . polymer onto the first target area , to a temperature 
Anisotropy of an FDM - created part may be significantly above the glass transition temperature of the first poly 
reduced . 

While the principles of this disclosure have been shown in 2. The method of claim wherein the heating , via the first 
various embodiments , many modifications of structure , laser and the second laser , of the first target area causes 
arrangements , proportions , the elements , materials and com improved wetting , diffusion , and randomization of the 
ponents , used in practice , which are particularly adapted for extruded first polymer with respect to the first target area . 
a specific environment and operating requirements may be 65 3. The method of claim 1 , wherein the first laser delivers 
used without departing from the principles and scope of this an applied power of between 100 milliwatts and 200 milli 
disclosure . These and other changes or modifications are watts to the first target area . 

60 mer . 
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4. The method of claim 1 , wherein the first nozzle of the 12. The method of claim 1 , wherein the first laser is 
FDM machine extrudes the first polymer at a rate between configured with a wavelength of between about 700 nm and 
4 mm per second and 6 mm per second . about 900 nm . 

13. The method of claim 1 , further comprising : 5. The method of claim 1 , wherein the first laser is focused 
onto the first target area via a lens . heating , via a third laser , a second target area on the part 

under construction ; 6. The method of claim 1 , wherein the desired character heating , via a fourth laser having a wavelength different 
istic is strength in the build direction compared to strength than the third laser , the second target area at the same 
in the extruded polymer direction . time the second target area is heated by the third laser ; 

7. The method of claim 1 , wherein the center of the first and 
target area is between 1 mm and 2 mm ahead of the first extruding , from a second nozzle of the FDM machine , a 
nozzle . second polymer onto the second target area , 

8. The method of claim 1 , wherein the first nozzle moves wherein the second target area is heated , by the third laser 
and the fourth laser and prior to the extruding the as the first polymer is extruded , and wherein the first target second polymer onto the second target area , to a area moves as the first nozzle moves , such that the first temperature above the glass transition temperature of polymer is deposited onto the part under construction in a the second polymer , and series of roads . wherein the first polymer and the second polymer are 

9. The method of claim 8 , further comprising forming the different . 
part under construction via the movement of the first nozzle , 14. The method of claim 13 , wherein the part comprises 
the part comprising a series of layers , and each layer 20 a series of layers and each layer comprises a series of roads , 
comprising a series of roads . and wherein the first target area and the second target area 

10. The method of claim 9 , wherein the first target area is are in a common layer . 
located on one previously deposited road in a previously 15. The method of claim 13 , wherein the part comprises 
deposited layer of the part under construction . a series of layers and each layer comprises a series of roads , 

11. The method of claim 1 , wherein the heating , via the 25 and wherein the first target area and the second target area 
first laser and the second laser , of the first target area does are in different layers . 
not ablate the first target area . 
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