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This work investigates how the internal meso structure of fused filament fabrication parts influence the magnetoactive properties of printed magnetic elastomer 
structures. Elastomers were made by adding 40 wt% magnetite (Fe 3 O 4 ) to a thermoplastic polyurethane (TPU) matrix. Magnetoactive testing was used to investigate 
how varying the infill structure affected the mechanical response of the structures within an applied magnetic field. Different infill percentages (40%, 60%, and 100%) 
and infill orientations (0, 45, and 90 degrees) were tested to account for different mechanical stiffnesses and internal geometries. Each sample was magnetoactively 
tested with three transverse magnetic field orientations (front, back and top). The samples were placed between two electromagnets, and the angle of deflection 
was recorded as a function of applied field. The maximum angles of deflection for the testing setup were reached when using lower infill percentages and having 
infill oriented parallel to the long axis of the sample and transverse to the magnetic field. Transverse fields applied parallel to the print plane (front/back sample 
orientations) demonstrated the most magnetoaction due to easier alignment of the long side of the sample with the field. This coupled with the 0-degree infill 
orientation having less crosslinking constraining the bending stiffness led to greater deflection. The magnetic anisotropy of the infill structure likely also contributed 
to the large response from certain samples. It was concluded that for this fixed base material, it is more important to 3D print structures with lower stiffnesses than 
more net magnetic particulate (more infill) to achieve the most magnetoaction. 
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. Introduction 

Magnetic elastomers are flexible smart materials that can be manip-
lated by magnetic fields to achieve reversible mechanical deformation
1] . These highly configurable materials deform with applied magnetic
elds due to the inclusion of magnetic particulate embedded within the
lastomer matrix. These materials can be used for many different appli-
ations from magnetic actuators to soft robotics [2–6] . In soft robotics,
hese elastomers can be used to create artificial muscles and other bio-
ctuators which give the robot both power and control [7] . These elas-
omers can also be used in the following: remotely moveable micro-
rippers for gripping fragile objects, valves for controlling fluid flow
sing remote magnetic field actuation, and soft skins that can either
ense touch and local deformations or reversibly deform for applications
uch as rewritable braille displays [8] . Various properties are exhibited
ithin these materials depending on the type of magnetic particulate
nd physical structure. 
Using fused filament fabrication (FFF), it was recently found that
agnetic polymer composite structures could be created that take ad-
antage of unique internal geometries to tune certain properties. [ 9 , 10 ].
FF is a 3D-printing process where material is extruded in 1D lines (in-
ll) to build 2D planes layer-by-layer, resulting in a 3D structure. Struc-
ures with different levels of anisotropy and complicated interior geome-
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ries (infill) can be created enabling control of both the magnetic and
echanical properties of the part. Typically, more rigid materials are
sed for FFF, but flexible materials including elastomers have become
ore common. 
Although the effect of the highly customizable infill configurations

n the magnetoactive properties of magnetic elastomers has not yet been
eported, previous research has shown that differing FFF infill settings
n nonmagnetic polymeric structures including elastomers can change
heir mechanical properties [11–13] . The parts tend to be stiffer the
reater the infill percentage and the more aligned the infill with the
irection of loading [ 14 , 15 ]. Previous research in magnetic elastomers
as shown that parts magnetize most quickly when the infill direction
s parallel to the applied magnetic field, and this effect is most strik-
ng for lower infill percentages [ 9 , 10 , 16 ]. With lower infill percentages,
owever, the overall magnetic particulate amount will be decreased
ince the amount of material within the sample will be decreased. This
resents a conundrum, since lower infill produces less stiffness mechan-
cally, while magnetically lower infill produces less magnetic moment.
ince these two parameters compete with one another and the magne-
oactive performance of magnetic elastomers is a convolution of both
heir mechanical and magnetic responses, one would expect that opti-
ization the magnetoactive response of 3D printed magnetic elastomers
ould require tuning of infill orientation and infill percentage. 
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Fig. 1. Schematic sample infill orientations for (a) 0-degree, (b) 45-degree, and 
(c) 90-degree (relative to the horizontal or longitudinal axis of the sample) at 
40% infill, (d) Isometric view of a sample with 0-degree 40% infill showing 
interior structure (yellow) and perimeter structure (green) with dimensions of 
60 × 5 × 5 mm 

3 (For interpretation of the references to color in this figure 
caption, the reader is referred to the web version of this article.) 
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In this work, the effects of the infill percentage and infill orientation
n the magnetoactive response of FFF printed magnetic elastomers were
nvestigated and categorized. Different infill percentages (40%, 60%,
nd 100%) and different infill orientations (0, 45, and 90°) were tested
o account for different internal geometries. The material used was a
agnetite particulate mixed into a thermoplastic polyurethane polymer
ase matrix. The transverse deflection of printed rectangular beams was
ptically tracked in the presence of a transverse magnetic field. This
implified experimental setup and sample set enabled the underlying
ontributing factors to be clearly isolated for the displayed behavior of
he samples. Samples with lower infill percentages and more perpendic-
lar infill orientation relative to the applied magnetic field exhibited the
reatest magnetoactive response. 

. Methods 

The samples will be discussed in terms of their micro, macro, and
eso (infill) structure. 

.1. Filament properties 

This project explored the magnetoactive properties of 3D-printed
agnetic elastomers made with 40 wt% magnetite, Fe 3 O 4 , with a ther-
oplastic polyurethane (TPU) matrix. The magnetite was blended with
he TPU prior to printing to create a stock composite filament as de-
cribed in References 17 and 18. Spherical magnetite particulate 2-4
icrons in size was used to ensure the least amount of clogging occurred
n the printer [ 18 , 19 ]. Micron size particulate was used as opposed to
ano size particulate due to the availability of the particulate in the
arge quantities necessary for these milli/macro-scale applications. The
ase matrix of the composite was TPU, a filament material commercially
ade by NinjaTek [20] . Due to its moisture absorbent nature, the mag-
etite TPU filament had to be dehydrated for a few hours before use to
revent detrimental air bubbles while printing. 

.2. Sample design 

The macro structures printed for all infill settings were rectangular
eams measuring 60 mm by 5 mm by 5 mm. This macro structure as
ell as the meso structure of samples at 40% infill can be seen in Fig. 1 .
ig. 2. All sample types tested showing infill percentages and orientations, as well as 
nd yellow simply represent the perimeter and interior infill, respectively, but do not
olor in this figure caption, the reader is referred to the web version of this article.) 

2 
n isometric view of a beam at 0-degrees, 40% infill (yellow) can be
een in Fig. 1 d. All the beams were printed without a top or bottom
hell layer such that the meso structure was exposed as can be seen in
ig. 1 d. The meso structure of the printed samples included three differ-
nt infill orientations (0°, 45° and 90°) as shown in Fig. 1 (a-c). The infill
rientation controls the angle of the infill with respect to the longitu-
inal axis of the sample. Each of these samples were printed with infill
ercentages of 40%, 60% and 100% respectively, to ensure structures
ith a range of mechanical stiffnesses and overall magnetic particulate
ontent were tested. The infill percentage controls the amount of mate-
ial used in creating the interior structure of the sample. Despite chang-
ng the infill percentage and orientation (meso structure), the weight
ercent of the particulate within the TPU matrix (microstructure) re-
ained the same throughout all the printed samples. A comprehensive
isplay of all the infill percentage and orientation combinations can be
een in Fig. 2 along with the top view of a 0-degree, 60% infill sam-
le. The ability of FFF to create anisotropy can be seen in Fig. 1 (a,d),
full length top view of 0-degree 60% infill sample for reference, where the green 
 represent any change in material used. (For interpretation of the references to 
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Fig. 3. Magnetoactive testing setup. (a,b) Camera and tripod aimed at sample between electromagnet, and (c) electromagnet and sample including exposed sample 
height of 54.7 mm. 
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nd Fig. 2 with the 0-degree infill orientation. The infill is parallel to
he longitudinal axis and thus oriented in that direction as opposed to
he transverse direction which means the properties, both magnetic and
echanical, will differ in the long axis direction versus the transverse
irection [9] . Fig. 2 shows how the infill percentage affects the negative
pace within the perimeters of the samples. As the infill percentage in-
reases, the negative space decreases meaning there is more composite
aterial inside the perimeter of the sample. 

.3. Filament extrusion and sample printing 

The composite material used was not an ink as is sometimes used
n FFF printing, but rather a thermoplastic polyurethane filament that
ad already been impregnated with particulate using an extrusion-based
ethod [ 17 , 18 ]. The composite material was made by solvent casting,
hich involved dissolving TPU in a dimethylformamide (DMF) bath and
hen adding in the magnetite particulate. The DMF was then evaporated
ut of the TPU particulate mix, and the composite was extruded through
n Ex 2 Filabot extruder with a 1.75 mm nozzle [ 17 , 18 ]. The filament
as then used for printing on a Lulzbot Mini 2 3D Printer where it was
eated and extruded in 1D lines (infill) to build 2D planes layer-by-layer,
esulting in a 3D structure. No magnetic annealing or post-processing
uch as curing was used in this experimental setup. 
The samples used were built using the computer-aided design soft-

are SolidWorks. These structures were converted to stereolithography
les (STLs) and put into either of the two slicer softwares used, Sim-
lify3D or Cura. Simplify3D was used due to its familiarity and ease
f use since it had been used in previous research [14] . Cura was used
or specific samples because it had more extensive and detailed settings
hich helped with samples that were difficult to print. Triplicates were
ade of each sample to ensure the most accurate data was gathered.
he samples were printed at 235-240 °C to ensure that the filament had
ow viscosity and would flow smoothly [21] . The extrusion width, which
s the base width of the infill and perimeter wall thickness, was set to
.8 mm. The infill wall thickness could be tweaked as a percentage of
he extrusion width and was typically left at 100-120% since the printer
ended to under extrude due to the particulate clogging the nozzle. When
he particulate would dislodge, however, there would be a sudden rush
f material causing inconsistencies. These inconsistencies had to be ad-
ressed by changing the extrusion width values for certain prints by
mall margins depending on the consistency of that stretch of filament.
he print speed also had an impact on the filament traveling smoothly
hrough the nozzle. The slower the speed the more reliable the flow of
lament through the nozzle, yet also the more likely it was to over ex-
3 
rude at a certain point. It was thus held at 10 mm/s for all prints. The
ayer height of the prints was held constant at 0.3 mm [22] . The other
ess influential print settings were optimized and for the most part kept
onstant to achieve the best quality prints. A 0.8 mm nickel-plated brass
ozzle was used to avoid clogging in the printing process and to avoid
rosion due to the abrasive particulate which could cause a larger than
esired nozzle diameter. 
Due to the nature of the flexible filament, there were difficulties with

inking where the filament would take the path of least resistance and
xit the side of the filament guide just before the hot end. This was due
o built-up pressure from the hot end caused by clogging. To remedy
his issue and to ensure the least number of clogs, the print head was
leaned regularly. 

.4. Scanning electron microscopy 

Samples were examined using a scanning electron microscope (SEM)
o investigate the surface roughness of the printed samples. This inves-
igation was done to try to correlate the meso structure of the samples
ith their associated magnetoactive properties. The SEM was set to de-
ect secondary electrons since this mode provided topographical infor-
ation about the sample. 

.5. Magnetoactive testing 

The procedural setup for the magnetoactive testing can be seen in
ig. 3 (a-c). The camera was setup on a tripod to avoid any movement
hile taking the pictures that were referenced to one another. The Gauss
eter was used to calculate the exact field output from the electromag-
et. The sample holder was used to secure the sample in place between
he magnets to restrict rotation of the sample and ensure deflection was
he only source of movement. The height of the exposed part of the
ample to the field was 54.7 mm for each sample. 
Magnetoactive testing was done on all infill percentage and orien-

ation combinations seen in Fig. 2 to characterize how the magnetic
lastomer material mechanically responded to an applied magnetic field
hen printed with different infill percentages and orientations. We note
hat the ratio of magnetic particulate to TPU was held constant through-
ut all infill percentages and orientations as the same base composite
lament was used for all sample printing. However, it is important to
ighlight that as the infill percentage decreased, the overall net mag-
etic particulate content within the sample decreased, as there was less
omposite material contained within the sample beam volume, resulting
n a smaller magnetic moment. 
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Fig. 4. Three different orientations of the same 45-degree infill sample in re- 
lation to the applied magnetic field (H) with orange indicating the infill of the 
printed sample. (For interpretation of the references to color in this figure cap- 
tion, the reader is referred to the web version of this article.) 
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Fig. 5. Overlayed image of 0-degree 40% infill sample at 0 T with image of 
sample at 0.28 T. 
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The magnetoactive testing was done at the University of Minnesota
here the samples were placed between an electromagnet emitting up to
 0.4 T field. The electromagnet was a 4-inch Adjustable Gap Laboratory
lectromagnet made by Spectromagnet Industries with model number
019. The angle of deflection was recorded as a function of applied field
y overlaying pictures taken at each field strength with the sample at
 T before saturation as the reference. The sample was then saturated by
urning the field strength to 0.4 T since that was the max field strength
hat the electromagnet could provide with the largest width between
he two electromagnets. The first angle measurement was then taken at
 T after saturation. The sample was not vertical anymore and thus dis-
layed an angle of deflection at 0 T after saturation due to the remnant
agnetization. The field strength was controlled by changing the am-
erage of the electromagnet. This amperage was increased in increments
f 5 amps from 0 to 30 amps, which produced an increasing magnetic
eld in increments of about 0.07 T. To achieve accurate magnetic field
easurements, the field strength was measured with a gauss meter that
as placed at the location of the sample within the field. 
Fig. 4 shows the three different sample orientations (front, back, top)

ith respect to the applied field using a 45-degree infill orientation.
hese three different magnetoactive testing orientations were used to
ccount for any magnetoactive effects that occurred due to the print
ayering or infill orientation. This simplicity of the setup allowed the for
he clear characterization of the magneoactive behavior of the samples.

.6. MATLAB image analysis 

The images were analyzed using a MATLAB program. To determine
he angle of deflection, a series of image processing steps were per-
ormed on the reference image of the structure at 0 T and on an image of
he deflected structure. An example of the reference image at 0 T with
n overlayed image at 0.28 T can be seen in Fig. 5 . 
In both images, the program identified the pixel locations of the

pper-left and lower-left corners of the structure and calculated the
lopes of the line from upper-left to lower-left corners, m_ref for the
eference and m_def for the deflected. From these slopes, the angle in
adians between the lines was found using Eq. (1 ). 

= tan −1 ( 
(
𝑚 𝑟𝑒𝑓 − 𝑚 𝑑𝑒𝑓 

)
∕(1 + 𝑚 𝑟𝑒𝑓 ∗ 𝑚 𝑑𝑒𝑓 )) (1)

. Results/discussion 

.1. SEM images of 45 degree printed sample 

The samples were inspected using a SEM to examine the surface tex-
ure and consistency in the 3D printer extrusion. The images of the top
nd bottom of two samples can be seen in Fig. 6 (a) and 6(b) respectively.
4 
These images indicate that the surfaces of the top and bottom lay-
rs have different levels of roughness. The bottom of the printed part is
ressed against the print plate making it smooth, while the top is suscep-
ible to stringing from the nozzle pulling material as it moves instead of
aying it all down cleanly. The infill lines for both sides are not as pris-
ine as indicated by the slicer software Simplify3D. These features were
ound across the different sample types printed, and thus do not account
or the property differences seen as a function of infill percentage and
irection. While large changes to the micro structure are not anticipated
rom merely the various meso -scopic infill parameters studied here, we
o note that changes to the microstructure from additional variables
such as magnetic annealing, particulate volume percentage, particu-
ate shape, particulate size, particulate material type, etc.) are ripe for
xploration to further tune the magnetoactive properties in these struc-
ures. 

.2. Magnetoactive testing 

The samples were tested to determine the effect of infill percentage
nd orientation on the magnetoactive properties of the sample. Notice-
ble deflection in response to the applied magnetic field was seen in
he 0-degree 40% and 60% infill samples in the front and back orien-
ations. All other samples demonstrated no noticeable response to the
pplied field. This provides clear evidence for the importance of infill
tructure on achieving sizeable magnetoactive properties. The quantita-
ive results can be seen in Fig. 7 , and the qualitative results containing
he pictures of samples at each field can be seen in Fig. 8 . The error bars
n Fig. 7 were calculated using the absolute uncertainty from each set
f angles for each infill percentage, infill orientation, and sample orien-
ation. The increase in error bar length is correlated to the increase in
lope of the graph. 
As the angle of deflection increased more drastically from one field

trength to another, the error within the triplicates got larger. This made
ense since the more movement there was within a given sample, the
igher the likelihood of variability within the different sample angles.
espite the slightly overlapping error bars, in general, the average angle
f deflection increased with increasing applied field. 
Some of the samples reached the maximum possible angle afforded

y the testing setup before the maximum field strength was reached
esulting in the plateau in angle measurements at the largest field
trengths. Note that there are two points recorded in Fig. 7 at 0 T
or each sample type: one at 0° and one greater than 0°. The non-zero
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Fig. 6. (a) The top side of a 45-degree printed structure, (b) The bottom side of a 45-degree 3D printed structure. 

Fig. 7. 0°, 40%, 60%, and 100% infill samples 
all front and certain back orientations showing 
trends in angle of deflection for increasing mag- 
netic fields. 
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eflection angle at 0° was due to the remnant magnetization after sat-
rating the sample. The images of the samples at each applied field
trength, including at 0 T after the initial saturation, can be seen in
ig. 8 . The reason the top orientation is not seen in Fig. 8 is because it
id not deflect enough to be measured, as seen in Fig. 8 . 

.2.1. Infill percentage effect 

Lower infill percentage resulted in greater magnetoaction, as seen
rom the behavior of the samples in Fig. 7 . For a given applied magnetic
eld, the 40% infill had the greatest magnetoaction, the 60% infill had
lightly less, and the 100% infill had no noticeable magnetoaction for the
elds measured. When considering the overlapping error bars, it is well
nown that for both additively manufactured and composite materials,
here is inherent structural variability within nominally identical struc-
ures that can contribute to property variability. The Rule of Mixtures
n composite materials specifically highlights that there are upper and
ower bounds to the anticipated properties of a given composite material
omposition due to the uncertainties of the exact geometrical dispersion
f the dispersed phase. [23] This applies to the anticipated mechani-
al stiffness values for a given composite composition, which directly
ffects the magnetoactive response. Despite this anticipated deviation
ue to these factors, we note that on average there is still a noticeable
ifference between the 40% infill and 60% infill samples. Additionally,
here is clearly a difference between the lower infill percentages and the
00% infill sample. Both aspects support the conclusion that lower infill
ercentage leads to larger magnetoaction in these structures, despite the
ower amount of magnetic material present. 
5 
To understand this effect on magnetoaction, it is helpful to consider
oth the mechanical and magnetic implications of infill percentage. Me-
hanically, lower infill percentage means less internal material, which
ypically translates to lower stiffness, maximizing magnetoaction. More-
ver, note that the 100% infill structures additionally have a maximum
mount of internal connection between adjacent infill lines; this would
urther increase the stiffness of those samples and inhibit their magne-
oaction. This result shows the direct correlation between infill percent-
ge and stiffness, that as infill percentage increases so does the stiffness
f the sample, inhibiting deflection. However, magnetically, lower in-
ll percentage means less net magnetic particulate, minimizing magne-
oaction. With less net magnetic particulate in the sample due to a less
ense interior, one might expect that the lower infill percentage sam-
les would be less magnetic and thus have a lower response to the ap-
lied field than the samples with more net magnetic particulate [ 22 , 24 ].
owever, all the 100% infill samples at each infill orientation resulted
n no measured magnetoactive deflection thus indicating that smaller
tiffness does matter more than a larger net amount of magnetic partic-
late. The infill percentage trend observed here indicates that printing
amples with lower mechanical stiffness as opposed to greater net mag-
etic particulate leads to the greatest magnetoaction. 

.2.2. Infill angle/orientation effect 

In this study, only the 0-degree samples exhibited magnetoaction,
hile the 45 and 90-degree samples remained motionless. Given the
onclusions discussed above about the importance of low stiffness, this
ehavior was reasonable. These samples required the least material for
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Fig. 8. Images of one of the 0-degree 40% and 60% infill triplicates in all tested orientations, showing measurable deflection for all field strengths including 
saturation. 
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reation and lacked the infill cross-linking patterns central to the 45 and
0-degree samples that provided greater stiffness. These cross-linking
atterns or lack thereof connecting each of the long edges of the struc-
ures can be seen in Fig. 1 (a-d) for samples at 40% infill. One may note
hat a small amount of infill is oriented along the long axis of the sample
or the 45- and 90-degree infill orientations. To investigate the possible
ffects of this, the percentage of transverse vs parallel infill was esti-
ated for both the 45- and 90-degree samples. Using trigonometry, the
engths of both the infill lines oriented along the longitudinal side as
ell as the lengths of the infill lines crossing the sample could be found.
sing the ratio between these two lengths as well as the number of cross-
ng lines and non-crossing lines, the percentage of infill oriented in the
irection of the specified angle for the 45 and 90-degree samples was
stimated. At 40% infill, about 60% of the interior infill was oriented at
he 45-degree angle. At 60% infill, about 70% of the interior infill was
riented at the 45-degree angle. At 100% infill, about 90% of the interior
nfill was oriented in the 45-degree angle. The 90-degree angle percent-
ges were estimated to be the same due to the increasing number of
ccurrences of transverse infill despite the lengths of the transverse in-
ll being shorter. At lower infill percentages this would mean that there
ould be more infill aligned along the longitudinal axis which would
aximize the anisotropic differences. These samples, however, did not
6 
ppear to deflect within the field demonstrating the lack of influence
hat this factor had on the magnetoaction of these samples. While these
tructural differences did not seem to play a role in this study, as none
f these samples showed magnetoaction, we highlight this variable as
mportant in future work. 
Another possible reason for this behavior from the 0-degree samples

as the anisotropic structure [ 9 , 25 ]. Anisotropy is when the properties
f a structure are dissimilar in different directions within the sample.
t arises from structural differences on either a macro-scale, meso-scale,
icro-scale, or a combination of these. Due to the ease of manipulating
nfill settings using FFF, finetuning the anisotropic properties of a struc-
ure is quite simple and powerful especially for applications like soft
obotics. Here, the relative anisotropy of the various samples tested was
etermined by combining the relative anisotropies of the macroscopic
hape with the mesoscopic infill orientation. Due to the anisotropic long
xis of the samples, the 0-degree infill along this long axis reinforced
his anisotropy, which would result in more anisotropic mechanical and
agnetic properties [10] . Meanwhile, the 45 and 90-degree samples di-
ected some or all their infill along the short axis of the sample, oppos-
ng or counteracting the effects of the long axis of the sample, creating
 more isotropic structure overall, leading to more isotropic mechanical
nd magnetic properties [ 9 , 10 ]. Thus, for the 0-degree samples when
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he field came through the front of the suspended sample beam, the
ample tried to align the most particulate possible with the field mean-
ng that the sample would deflect quite far to the side to align its infill
ines as parallel as possible with the field. This occurred because mag-
etic fields move most easily through magnetic material as opposed to
ir gaps. The field, therefore, moved the sample to be parallel with it
uch that it could take the path of least resistance. This phenomenon
an be seen clearly in Figs. 5 and 8 . Other infill orientations did not
ave this same infill alignment and thus did not have as much magnetic
nisotropy [26] . 

.2.3. Sample orientation effect 

The three different orientations of the samples relative to the field,
hich can be seen in Fig. 4 , also influenced the observed deflection. We
ote that this is intimately related to the print orientation and layering
nherent to FFF, which is well known to create anisotropic properties
arallel and perpendicular to the plane. The front and back orientations
emonstrated the most magnetoactive deflection due to being the least
tiff and resistive to deflection. These two orientations were very similar
ince the field was simply going through the opposite side of the sample
hen switched from the front to the back orientation. This led to com-
arable results from both orientations at a specific infill percentage as
an be seen in Fig. 8 . The top orientation exhibited no measured mag-
etoactive deflection at all infill percentages, which indicated greater
tiffness. This behavior was reasonable, because the moment of iner-
ia was smaller for the front and back orientations than the top. The
oment of inertia for the front and back orientations depended on the
idth of each print line, approximately 0.8 mm, while the moment of
nertia for the top orientation depended on the sample width, 5 mm.
he small force from the applied magnetic field was thus not able to de-
ect the samples in the top orientation. Additionally, the discontinuity
f magnetic material (air gaps) in the path of the magnetic field direc-
ion for the 40% and 60% 0-degree samples oriented in the front and
ack orientations gave those samples greater motivation to align with
he magnetic field. This discontinuity of magnetic material along the
pplied field direction was not present for the top orientation since the
ux lines could pass through the printed walls of the sample. This fur-
her minimized the need for the sample to deflect in the top orientation,
uppressing magnetoaction. The bottom orientation was not measured
ue to the assumption it would display the same lack of results as the
op since it would effectively be reversing the field direction in the top
rientation. 

. Conclusion 

In conclusion, this research helped identify how the magnetoactive
roperties of 3D-printed magnetic elastomer samples were affected by
hanging the infill settings of the printed structures. This work pro-
ided foundational knowledge on a new processing approach to mag-
etic elastomers (FFF) and a new design paradigm for approaching clas-
ic FFF-structures from two conflicting property realms (mechanical vs.
agnetic). In particular, this research helped explore the dilemma of
aintaining flexibility within the 3D-printed structure while also hav-
ng enough overall magnetic particulate to preserve magnetoaction due
o the large impact of stiffness. The most magnetoactive samples indi-
ated the importance of having lower structural stiffness rather than
ore net magnetic particulate in achieving a noticeable response to a
agnetic field. The importance of anisotropy both magnetically and me-
hanically was clear due to the striking differences in responses by the
-degree samples compared to the 45 and 90-degree samples at low in-
ll percentages, as well as those seen from different sample orientations
f the same sample. According to this data, meticulously designed 3D
rinted magnetite-TPU structures are well suited for creating a device
asily stimulated by a magnetic field, unlocking possibilities for the cre-
tion of artificial muscles, magnetic actuators, and micro-grippers in
ifferent fields [2–8] . 
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