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ANALYSIS OF THE DEFORMATIONS IN ,DELTA WIRED 3D

PRINTER”

1. Nikola Vaptsarov Naval Academy, Varna, BULGARY

Abstract: With the use of 3D printing technology, layer by layer extrusion is possible printing of concrete building objects, but
printers represent a large size and mobility limited metal construction. In a new 3D printer construction, called "Delta Wired
3D Printer”, the large stress created from bending moments are transformed in normal stress from tension. After we have
calculates the loads on individual elements we can determine their dimensions and deformation. The loads are different in any

point of workspace coordinate system this creation of different deflections for any point, which will increases dimension errors
of printed object. In this paper are theoretically calculated total extruder deflections as a function of tensile in wires, bending in
pillars taking into account changes in forces for any coordinate points.

Keywords: delta wired 3d printer, printing of building objects, mobile 3d printer, reconstructions of 3d printer

INTRODUCTION

By using Cramer’s formulas in article [1] for solving a
system of linear equations corresponding to the balance
of the mechanical system is achieved by clearly defining
efforts in supporting ropes and their change depending
on the coordinates of the wires intersection point. These
decisions represent the initial data to calculate
deformations in the individual elements and total
deformation in extruder. The scheme of , Delta Wired 3d
Printer” is represented in Figurel.

FRINTED OBJECT

Figure 1. Conceptual design of
"delta 3D wired printer” [2]
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BODY OF THE PAPER

In order to determine the deflection of the extruder it is
necessary to consider the following calculation scheme,
shown in Figure 2.

With next equations we can determine of distortion
bending in pillars [3], where:

Fa.cos(ocz).das _ Kpa.Q.cos((xZ).das _

Aldpend =14 | 3.EI
Fb.cos(By).dp° K, .Q.cos(By).dp” .
Albpend. == 41 = 3.EI ’
Fe. cos(yz).dc3 Kg:-Q. cos(yz).dcS
Alcbel’ld = = ; (1)

3.EI 3.EI

where: E - modulus of elasticity for pillars material, Pa;
[ -moment of inertia for cross section of pillars, m#; Fa,
Fb and Fc - tensile force in wires A, Band C, N; Q - weight
of extruder, kgf; Kr,, Kr and Kre - coefficients define
force value; oz, Bz and yz - angles between horizontal
plane and wires, deg;
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Figure 2. Estimated scheme for determining the
deformations of one of the bearing clones
Ala peng — distortion by bending pillar A, m; Ala pend” —

deflection of extruder from bending of pillar A, m;

Ala comp — deformation of compression in pillarA, m; Ala tensw
— deformation from tensile in wire of pillar A, m;

la — length of wire in clone A, m; Ala — total deflection of
extruder, m; da — height of pillar A, m.
For determination of tensile deformation in wires are
used the following equations [4]:

Fala  Kg.Qla,

Ala’tens.w = £ ~ e A ’
w O w wew
Fb.Ib Kp, Qb )
AIb’tens.w = E. A = E A ’
w O w w-Aw
Fc.lc Kg..Q.lc
AlCiens w = — S (2)

Ew-Ay Ey.Ay

where: E\, - Modulus of elasticity for wires material, Pa;
Aw - Cross section area for wires, m?;
By analogy to deformations of compression in the pillars

can write:
Fa.sin(ay).d, Kg,.Q.sin(ay).d,
Al omp =7 - EA ’
Ay A
Fb.sin(By).dy, Kg,.Q.sin(By).dy,
Albeomp =4 B E.A ’
'p 'p
Fc.si de Kp.Q.si d
Ale comp = csinlyz)-de _ Kpe-Qsinfyz)de - 5

EA, EA,

where: A, - Cross section area for pillars, mz;

If we consider the two right triangles in Figure 2 and
using the geometric relationships leads to the equation
that for clone A was as follows:

Ala pend' =

\/ (Ia+ Ala g y)” — (la.cos(oy) — Alapeg )> (4

—la.sin(oy)

To the resulting deformation taking into account the
deflection in pillars and tension in the wire may be
added the deformation of compression in pillar,
equation for full deformation in clone A that will occur
as a result of the force Fa is:

Ala = Ala bend "+ Ala comp =

Jlla + Ala o )2 — (la.cos(ot) — Alapeng )% (5)

—la.sin(oz) + Ala oy

For clones B and C the equations are:

Alb = Alb ey +AID oy =

b + Alb ey )% = (b.cOs(B,) — Albpng)?  (6)
—Ib.sin(By) + Albcomp

Alc = Alepepg +AlC omp =

\/(Ic + AlCiens w) > — (6. cos(yy) — Alepeng)® (7)
— lessin(yz) + Alecomp
For total deformation obtained as a result of the forces

in the three different clones using the principle of
superposition can be written:

Al =Ala +Alb +Alc (8)

To make the moment of inertia of the cross section of the
pillars same for each direction of bending is required, it
is a circle or tube wherein:

nD,* —d,*h)
» fortube: I, =1, =—————=const;
p by 64
4
. nD
» for round section: Tpx =Ipy = ; =const;

In addition is necessary the cross-sections of the pillars
must be uniform along the entire length of the tube to be
valid relationship for determining the bending
deformation. The values of the modulus of elasticity and
the cross sections of the wires and the pillars are also
constants, which results in the following functional
equation of the full deflection of the deflection of the
load:
Al =Ala +Alb +Alc =

f(a;Fa;,5d ) + fUbsFbyB5d ) + fAcsFesy £5d o)
where for Ala, Alb and Alc we can write:

9)
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2 3 2
— J [l()wj (10)

Ala= || la+
Ey.A 3.EI

WetW

Kp,.Q.sin(oy).d,

—la.sin(oy) +
EA,

Alb = [lb +

W tw

2 al
Fb.lb Kgp, Q. cos(By).dy,
J _[lb.coS(Bz)‘s.E,I] (11)

—Ib.sin(B,) + Kip-Q sin(Bz).dyp
E.Ap

2 3 2
_ Felc Kpe.Q. cos(yz).d
AIC_\/[IC+EW.AW] —[lc. COS('}/Z)—CS.E.ICJ (12)

Kpe.Q.sin(yy).d,
LA,

—le.sin(yy) +

For determining the angles and forces depending on the
location of the columns and the coordinates of the

intersection to the coordinate system used
dependencies [1].
!
a)
b)

Figure 3a-b. Amendment of total deflection Al, m of the
load depending on the coordinates X and Y, at: a) Z=0 m;
b) Z=0,25 m;

= d)
Figure 3c-d. Amendment of total deflection Al, m of the
load depending on the coordinates X and Y, at: ¢) Z=0,5 m;
d) Z=1 m, surface plot;

As seen from dependence deflection of the load is
influenced by: its size - expressed through the forces Fa,
Fb and Fc; the location of the intersection of the wires -
expressed by the coordinates X, Y and Z; angles az, 3z and
yz dependent and the height of the the pillars da, db and
dc, and several constants taking into account the
mechanical properties of the materials and the

geometrical characteristics of their cross sections.

For visualization of the results obtained are shown
several plots of the deformations depending on the
various factors affecting to them.
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d)
Figure 4. Amendment of total deflection Al, m of the load !
d)

depending on the coordinates X and Y, at: a) Z=0 m; b)
7=0,25 m; c¢) Z=0,5 m; d) Z=1 m, contour plot;
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a)
b)
c)
h)
Figure 5. Amendment of total deflection Al, m of the load
depending on the coordinates X and Y, at wires diameter:
a-b) dw=10 mm; c-d) dw=20 mm; e-f) dw=30 mm; g-h)
dw=40 mm, surface and contour plot;

d)
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— If the intersection point of the wires moves by
contour graphics trajectory in the workspace
showing of Figure 3 to the Figure 6, deflection will
be equally. The extruder will move in one plane in
the event that the weight of the load Q is constant.

For future studies should be determined the weight of

the extruder, weight required for a transition mixture

which will form the design calculation of the diameter of
the wires and the size of the pillars.
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X f)
Figure 6. Amendment of total deflection Al, m of the
load depending on the coordinates X and Y, at pillars
moment of inertia Ipx = [« a-b) 3000 mm#; c-d) 6000
mm#; e-f) 9000 mm#, surface and contour plot;

CONCLUSIONS

From the analysis of the results can be made the

following important findings and conclusions:

—  The deflection of the load (extruder) depends on:
the structural parameters of the individual
elements - height of the pillars; the material of ud

) ; . - G0EE @ae 000D
wires and the pillars; geometrical characteristics of - | DEEE @wa 008
the cross sections of the wires and the pillars; Earowse] R RISY
coordinates of the intersection between the three
wires of working space;

—  The increase of the diameter of the supporting rope
(wires) reduces the deflection of the load visible in
Figure 5;

—  The increasing of moment of inertia for the pillars ANNIVERSARY
cross section of leads to a reduction of deflection of

the extruder Figure 6; ISSN.2067 3809
— For increasing the coordinate Z (the distance . =

between the intersection point between wires and copyright ©
the horizontal plane) have increasing deflection of University POLITEHNICA Timisoara,
load; Faculty of Engineering Hunedoara,
5, Revolutiei, 331128, Hunedoara, ROMANIA
http://acta.fih.upt.ro
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