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ABSTRACT

This paper proposes how to solve a problem of FDM 3D printer’s irregular output when chang-
ing volume of extrusion, adjusting movement speed of the printer’s head and a way to fill new
inner part. Existing slicers adjust directly to change the rotation speed of the stepper. In this
method, the change of the extrusion area is delayed due to the gap between the stepper and the
nozzle, so that precise control is difficult. We control the extrusion area adjusting the moving
speed of the print head and making constantly the rotation speed of the stepper. Thus, the out-
put time can be shortened by generating an efficient path having a short travel distance. For
evaluation, we applied our method to lithophanes with detailed variation. Comparing existing
methods, our method reduced output time at least 30%.

Key Words: Additive manufacturing, Additive slicing, Fused deposition modeling, Layer manu-
facturing, Lithophane
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Algorithm 1 Generate lithophane’s G-code

Input: Digital image
Output: Lithophane’s G-code

- Convert digital image to printable value
- Compute the thickness
- Generate G-code

for i=0 to print line number Do
if i = outter line then
for x = 0 to image.res x Do
outter y = init y + image to_height(x, y)
geode create(x, outter y, € per mm)
else if i = inner line then
for x = 0 to image.res_ x Do
inner_y = init y
geode create(x, inner y, e per_mm)
else
mid y = (outter y + inner y ) /2
width = | outter line - inner_line |
change speed = 1.0 / width * original speed
e per mm _*= original speed / change speed
gcode create(x, mid y, e per mm)
layer number += 1

Fig. 4 (top) The result of infill with uniform extrusion (bottom) The result of infill with our method
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Fig. 5 Photos of the printed lithophane using our method. Photos inside the green box indicate the condition of taking
pictures. Photos inside the red box are taken without light. Numbers in brackets below each photo denote its
printing time (in minutes) and its ratio of time saving according to the spiral infill
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Table 1 Comparison of printing time under the same model of different methods

Printing time ( minute )
Model
Our Method Spiral Spiral + Zigzag Zigzag

Woman (Planar) 191 275 326 357

Audrey Hepburn (Planar) 194 289 308 305

Marilyn Monroe (Planar) 213 328 358 393

Marilyn+Audrey (Cylinder) 183 284 325 341

Sky (Cylinder) 176 252 268 287

Alpaca (Cylinder) 215 325 358 378
4 22 A2 £ 7 AT A7) W] HAg 31 oS ol ek g
$2)e] whgol 7hg WekE ol R 1R WEE & ulRe] Flo) e} §1F WMAS 24l v
of vlal 2% A& Hast AIZ7] Wielth. 71 e o]F oz Wl I Qo] WH-E A 5 3
SRS G dE HHem YRS &ds] Aok vk AR S Wi Aol wet

Fig. 6 (a) Section of spiral infill (b) Section of zigzag infill (c) Section of our method infill (d)~(f) The front side of
the printing result of spiral, zigzag and our infill without light (g)~(i) The rear side of the printing result of spiral,
zigzag and our infill with light
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