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The creation of mathematical models for the implementation of 3D printing is of
considerable interest, which is associated with the active introduction of 3D
printing in various industries. The advantages of using 3D printing are the fol-
lowing: the possibility of making non-standard models, reducing the time to
create new prototypes, making simple and low cost products, and using modern
super-strength materials. The manufacture of machine components with a
screw-type symmetry occurs in various, often very complicated ways to include
casting with the subsequent rotary machining, methods of hot deformation,
electrophysical and electrochemical methods, etc. Their manufacture on a 3D
printer can be very promising. In this paper, the R-functions theory is used for
the mathematical and computer modeling of geometric objects with a screw-
type symmetry for the case when 3D printing technology is to be implemented.
An analytical recording of the objects being designed makes it possible to use
alphabetic geometric parameters, complex superposition of functions, which, in
turn, allows us to quickly change their structural elements. The working part of
many mechanisms for moving a material along a helical rotating surface is a
screw. Screws are used instead of wheels in some types of cross-country vehi-
cles or combines. They are an indispensable part in extruders and boring sta-
tions. At large enterprises, they are used as a means of transporting bulk mate-
rials. Screws are indispensable in the food industry. Among other things, they
are used in small arms, where they play the role magazines for cartridges. In
this work, we build mathematical and computer models of the variable and
constant pitch screws to be implemented on a 3D printer. In order to organize
and intensify various processes in power plants and other technical devices,
swirling is widely used. Swirling is an effective means of stabilizing the flame in
the combustion chambers of gas turbine engines. It is also used to intensify heat
and mass transfer in channels; in chemical, petroleum, gas and other industries.
This paper considers mathematical and computer models of a screw swirler,
locally twisted tube, and complex cross-section twisted tube intended for the
implementation on a 3D printer. The process of building a desk lamp with a
design in the form of elliptic twisted tori is shown as well.

Keywords: R-functions theory, 3D printing, screw-type symmetry, screw.

Currently, the creation of volumetric models of any items is accompanied by the growth in the popu-

larity of using 3D printers. The technology of 3D printing is based on the principle of creating a layerwise
solid model. The advantages of such devices over those using the conventional methods of creating models
are high speed, simplicity, and low cost.

There are different approaches to creating 3D models: 3D scanning of an existing object, obtaining a
3D model using a fairly wide range of software products whose libraries contain primitive forms of various
types, and creating a 3D model using the mathematical apparatus of analytical geometry. In cases where the
object to be simulated exists physically, the most convenient way to obtain a 3D model is to use a 3D scanner.
However, when the object to be simulated has large dimensions or does not exist at all, such an approach is im-
possible. In such cases, the creation of 3D-models can be implemented using software products. But this
method has a number of disadvantages too, for example, a limited set of primitives in the library modules of the
programs. Here we should especially note the geometric objects with a screw-type symmetry in whose cross-
sections there are no classical regions, but those composed of the known primitives [1]. In these cases, the crea-
tion of a mathematical model of the geometric object with the help of the apparatus of analytical geometry is
very promising in the field of 3D modeling. For the construction of the equations of geometric objects in an
analytical form, the R-functions theory can prove to be very useful. It gives the possibility of creating complex
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superpositions and introducing literal parameters into the logical formula. These parameters allow us to quickly
change the shape of the object being designed [2—4]. Also convenient is the fact that the process of creating a
model occurs in stages and there is an opportunity to introduce changes to the structure being designed.

Thus, the expansion of the field of application of the apparatus of the R-functions theory for creating
the mathematical models of the engineering objects to be built on a 3D printer is an urgent scientific and
technical problem.

The aim of this work is to create mathematical and computer models of geometric objects with a
screw-type symmetry on the basis of the R-functions theory in order to implement 3D printing technology.

Main Part
R-operations [2] fk Ay fl = fk+ fl—+ fk* + fI*; fkv, fl= fk+ fl++ fk> + fI* and a helical non-

) xl=xcosa + ysinQ . . )
orthogonal coordinate system [4] i are used in this work. When constructing the equa-
yl=—xsino+ ycosa

tions corresponding to geometric objects with cyclic-type point symmetry, to reduce the number of R-
operations, we will use the results of the following theorem [4].
Theorem. Let the translational region X, = [Go(x, ¥,2)> O] be symmetric about the abscissa axis, and the

. . T .
region X, = [Go(x— Tys Vs z)> O] can be located inside the sector —a<0<a, O<oa<—. The regions
n

Y, = [GO (rcos(e— 2mk n)_ Ty, 7sin(0 — 27‘% ,z))Z 0] have been obtained by rotating the region

Y= [GO (x— Ty, ¥,2)2 0] in the xOy plane around the origin of the coordinates to the angles 2k iy Then the

n—1
equation of the boundary dQ of the region Q = UZk has the form

k=0

0)(x, y) = Go(rcosu(e,n)— Ty, rsinu(@,n), z) =0,

where r =+/x* +y*, 0= arctgl,
X

‘ sin[(Zk - 1)”29}
no)=— —1)"'—L <] Then the equation
o) =2 S q

n—1
of the boundary dQ of the region Q= UZk has the form

k=0

0)(x, y) = Go(rcosu(e,n)— Iy, rsinu(@,n), z) =0,

where r =1/x2 + y2, 0= arctgl,

sin| (2k — l)nﬁ}
3 K+l [ 2
M("e)—%;(—l) 2k 1) a b c

Fig. 1. Screw:
a — N — variable pitch; b - N=5;c - N=3

In the process of numerical implementation, for the construction of the equation of the boundary
0Q with the rational accuracy, the number of the series members k =5 is sufficient.

In addition, to construct an object of a given thickness &, its normalized equation

OJ(x, y,z)Z O,a—m =1 was used. It is well known that the function 0)(x, y,z) in the neighborhood of the
AP
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boundary dQ behaves like the distance to dQ . Then the function (ol(x, y,z):g—ko(x, y,z] >0 will be

positive only in the belt width §. In some cases, the use of this approach can significantly reduce the number
of R-operations, and consequently, the computational process.

The working part of many mechanisms for moving a material along a helical rotating surface is a
screw. The screw is a metal rod with a helical surface. The field of their application is rather wide. They are
used instead of wheels in some types of cross-country vehicles or combines. They are indispensable compo-
nents in extruders and at boring stations. At large enterprises, screws are used as a means of transporting
bulk materials. These components are indispensable in the food industry, where they are parts of presses for
food processing and integral parts of meat grinders. Among other things, screws are used in small arms,
where they play the role of magazines for cartridges. Screw production occurs in various, often very complex
ways, to include casting with the subsequent rotary machining, hot deformation and cold bending, welding,
etc. The 3D printing of screws can prove to be very promising. To make the latter possible, we construct a
mathematical and computer model for both a variable and constant pitch screw (Fig. 1).

=XxCcosO + ysinQ -
(X:Ez; = ' Yol at =10/Z+4/(10 2) (Fig.1,a); N =5 (Fig. 1,b); and
N |yy=-xsino+ ycosa 1/z+1/(10-z)
N =3 (Fig. 1, ¢);

2 2
f1=[1—(;”;2 _;_yfj/\" 20-2)20; finl1=((0.82 = x> = y2)n, —z(z +4))v, F120;
=232 =22 = y2) Ay @3+ 2)= 2= 4))v, ful1)a, [4— 2 = y2)>0;
fs=(x=04)A, (- 2=2)z+4)20; fir= fal Ay —f520; fo=(0.32 =2 —y*)n, (11— 2)(z=8) 2 0;
f=fvy fvz0;

(e oo e o0, 8 vy sinlk-1f]
p=4x"+y ,G—arctgx,n0—6,ﬁ—9 5 ’u_nonzk:( 1) (2k—1)2 ;
xl=pcosp; f22=(04—-x1)A, (10-z)(z—8)=0; W = f v, f222>0.

In this case, of particular interest is the construction of a variable twist pitch in the form of a con-
tinuous function N = f(z).

In power plants and other technical devices, to organize and intensify various processes, flow swirling is
widely used.

Flow swirling is an effective means of stabilizing the flame in the
combustion chambers of gas turbine engines; it is used to intensify heat and
mass transfer in channels in the chemical, oil, gas and other industries [1].
The swirlers used in practice differ in the method and nature of swirl and in
the length of the swirling device. Consider the screw swirler (Fig. 2), lo-
cally twisted tube (Fig. 3), and complex cross-section twisted tube (Fig. 4)
that were proposed in [1].

Screw Swirler
6h L%
p =x*+ y2;6=arctgl;zz =z— ff =—2z%;
X 21 h
4h w1 sin[(2k —1) ]
p= s a2 T
: Zk: (2k —1)
fo1=(0.04-(p—0.8)> —pn2)/0.4>0;
m2=-x2-y)220; fp3=(036-2>-y*)1.220; . A
W= fplv, fp3z0. Fig. 2. Screw swirler:
At h=1 (Fig. 2, a); at h=2 (Fig. 2, b). a-h=1;b-h=2
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Local Twist Tube
. Z . [ .. z—b+a
a=1;b=5;l=1; fil=2n—; fi2=2n—; fi3=2n——«;
f h f h f h
fil2 = (fil + fi2 — abs(fil - fi2))/2;
o= (fil2 + fi3+abs(fil2 - fi3))/2;
{xx:xcosowysinoc '

yy =—xsino + ycoso.’
w’
wsl =1-xx* —FZO;O)S=O.2—|O)S1| >0;

W =ws A, (10-z)(z+5)>0.
At h=7 (Fig. 3, a); at h =5 (Fig. 3, b).
It should be noted that specifying information in an analytical form

with the use of literal parameters allows us to quickly introduce changes to a b
the form of the object under study. Fig. 3. Local twist tube:
a—h=7;b-h=5

Complex Cross-Section Tube
a=0(a= 0=t =0,
40 30 20
XX =XCosSO + ysinQ;
yy =—xsinQ + ycosQ,;
10> —xx* 10— yy?

V= A >0;

T 20 Y 20

16— xx*

_ 2
f91= 20;f92:mTW20;

fr=ro* - f912 - 7922 > 0;

fr
2

8ro

(] + fr)20;

f9=f91+f92+\/f912+f922+
fl1=f9n, flv>0;

2 (o 100 w2 2 2 9
f110=(4 (xx 10) yy JV0(4 (xx+10) yy JZO;

8 8
) ) c d
f120= 4 —(yy—10)" —xx’ v 42 —(yy+10)" —xx’ >0: Fig. 4. Complex cross-section
8 0 8 twisted tube:
a—0a=0; b — a=nz/40;
flo= fllov, f12020; f1k = f11v, flo 2 0; f1=ht —| f1k| 2 0; e om2/30: d— 0mnz/20

W= fla, (2=22)>0 (Fig. 4).

It should be noted that the tube of the cross-section shown is very difficult to manufacture, especially
if we need to change the twist parameter. Therefore, it is advisable to do it on a 3D printer. Since, by chang-
ing the parameter o, we obtain a required twist pitch tube, ready to be 3D printed, then by changing the pa-
rameters it and L, we obtain a pipe of the desired thickness and length.

Consider the process of building a designer desk lamp (Fig. 5, 6). The lamp consists of a stand with
holes for electrical wiring and a lampshade.

Stand

p=10;xp:x/p;yp=y/p;zp=z/p;f1:%(9.52—xpz—ypz—(zp+8)2)20;
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Shade

R:4;N:10;0c=alrctg£;X1=\/xp2 +yp? =R, f2=zp;zn=f2-1;
xp

{XX:chosowznsinoc {XX2=chosoc—znsinoc

Z7Z =—X1sino + zncoso ZZ2 = X1sint + zncoso.

_xx* zz?

2 2
>012=1- XX2 — 222 2 05tor =tlv,1220;
0.04 0.25 0.04 0.25

opodn = (f1 Ao f2)\/0 tor 2 0; (Fig. 5, a);
{ xx = xpcosal+ ypsinal {xxl = xpcosal — ypsinal ! T

t1=1

ol =—zp;

yy =—xpsinol + ypcosal yyl = xpsinal + ypcosal 2

2 2

3=l =250 f32=1- 0> =2 50,

0.25 0.25
f3=f31v, 3220, f4=f2(7-2p)>0;
on=f3n, f420; pod=wpodnv,nn=0; (Fig. 5, b);
st =(0.4% —xp® = yp* ) ny (8= 2p)zp —6)20;
wshnurl = (0.22 —Xp, — zpz)/\0 (yp+0.2)20;
wshnur = (xp2 +yp* —0.2 )/\O —wshnurl 2 0;
wpodst = (wpod Vo stt)v0 wshnur 2 0; (Fig. 5, c).

f5= 2—‘%(4.52)— xp* — yp? —(zp—6.5)2 >0,
f6=2p-6520;maa=f5A, f620;

Ra=4.8;Na =10;0a = arcth;Xla =Jxp>+ yp> —Ra;za = zp —1.3;
xp

ZZ2a = Xlasin0a + zacosoa

XXa = Xlacosoa + zasin 0la XX 2a = XlacosOa — zasin 0a
ZZa =—Xlasin 0a + za cosOa

2 2 2 2
XXa _ZZa 20;t2a=1—XX2a _ZZ2a >0
0.04 0.25 0.04 0.25

tora=tlav,t2a =0;

tla=1-

Wa =waa v, tora 2 0; (Fig. 6, a);
2 =052 - xp?)v, (057 - yp?)2 0;

L =(0.1-7-2p|) A, (5(4.52 —xpt =yt —(zp— 6.5)2)j > (;

oper =(fd Ao fbl) Ao (xp2 +yp — 0.52)2 0;

wabaj = wa v, wper = 0; (Fig. 6, b);

wlampa = wabaj v , Wpodst 20 (Fig. 6, c).

By changing the values of the letter parameters R, Ra, zn,za and setting

12=0,12a=0, f32=0, we obtain the lamp design with the pattern shown in Fig. 7.

Thus, any sizes characterizing this object can be changed.
The visualization of all the constructed models was carried out using the

RFPreview program [5, 6].

64

Fig. 8 shows all the 3D printed models.

Fig. 5. Step-by-step lamp
base construction:
a — lower part;
b — column added;
¢ —holes and wire grooves
added

Fig. 6. Step-by-step
construction of the
lampshade and whole lamp:
a — lampshade;

b — cross-shaped mount
added;
¢ — lamp assembly
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The constructed mathematical
models have been implemented on an
Anet A8 3D printer using the most inex-
pensive and affordable Fused Deposition
Modeling (FDM) technology. Its main
disadvantages are the capability of using
only plastic, the sensitivity to temperature
drops, plastic spreading and need to or-
ganize supporting structures. The use of
other more advanced 3D printing tech-
nologies (for example, Selective Laser
Sintering (SLS), in which nylon, glass,
plastic, ceramics, and various powdered
metals can be used as raw materials) will
improve the appearance of the printed
products and their strength characteristics.

Conclusions

The creation of mathematical
models for the implementation of 3D
printing is of considerable interest, which
is associated with the active introduction
of 3D printing in various industries. The
advantages of using 3D printing are obvi-
ous. These are the production of non-
standard models, reduction of time for the
creation of new prototypes, reduction of
the repair time, simplicity and consider-
able cheapness of production, and use of

Fig. 7. Visualization of the lamp model with modified letter
parameters:
a — stand; b — lamp shade; ¢ — lamp assembly

Fig. 8. Implementation of 3D printed models

modern super-strength materials. In this paper, we developed a general approach to the construction of mathematical
and computer models of geometric helical symmetry objects, with the models based on the R-functions theory. By
changing the swirl law, we change only the form of the function Olin the corresponding coordinate transform. The
reliability of the results obtained, their adequacy to the objects being designed is confirmed by visualization, both
under the operating conditions of the RFPreview program, and the implementation on a 3D printer.

An analytical recording of the objects being designed makes it possible to use alphabetic geometric
parameters and a complex superposition of functions, which, in turn, allows us to quickly change their struc-
tural elements. The property of positiveness of the constructed functions in the internal points of the object is
very convenient for the implementation of 3D printing.
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I'BuHTOBMIi THI CUMETPIi B AeTaJsIX MAIIMH Ta Au3aiiHi mpu peasi3auii Ha 3D-npuHTepi
leiiko T. I., > Makcumenko-Illeiixo K. B., > Mopo3osa A. I.

'TacTuTyT Npo6em MammHOGYyBaHHs iM. A.M. ITizroproro HAH Ykpaiuu,
61046, Ykpaina, M. Xapkis, Byi1. [Toxxapceskoro, 2/10

* XapkiBchKuii HaioHanbHui yHiBepeuTeT iMeni B. H. Kapasiua,
61022, Ykpaina, M. Xapkis, maiinan Cobou, 4

3 XapkiBChKHil HALIOHATBHIH YHIBEPCUTET PagioeeKTPpOHIKH, 61166, Ykpaina, M. Xapkis, mp. Hayku, 14

Cmeopenns mamemamuunux mooenei ons peanizayii 3D-0pyKy cmanoeume 3HAuUHULL iHMepec, Wo NOo8's3aHull 3
aKmueHuM enpoeadicennam 3D-0pyky 6 pisui eanysi npomuciogocmi. Ilepesazu sacmocyeanns 3D-0pyky: ucomoenenHs
HECMAaHOApPMHUX MOOeel, CKOPOUEHHsL YACy HA CMEOPEHHS. HOGUX NPOMOMUNIB, NPOCMOMA | 3HAYHA OeuleBU3HA BUPOOHUY-
Mea, GUKOPUCMAHHS CYHACHUX HAOMIYHUX Mamepianie. Bucomoesnenns oemaneii mawiun 3 28UHMOBUM MUNOM CUMEMPIT 8i0-
06y8aemvCsl PisHUMU, YACMO Oyice CKIAOHUMU chocobamu. Le tumeo 3 nooansuioo moxkapHow o0opoodKoio, cnocobu 2apayoi
Oeghopmayii, enexmpoizuuri ma enrekmpoximiuHi cnocoou moujo. /[ysce nepCneKmusHUM Modice BUABUMUCS iX 8U2OMOBIEH-
1 Ha 3D-npunmepi. YV yiti pobomi 3acmocosyemvbcsi meopis R-QhyHKyitl 07151 MAMeMamusHo20 ma KoM 1omepHo20 Mooemio-
BAHMSL 2eOMEMPUYHUX 00'EKMIB 3 28UHMOBUM MUNOM cuMempii nio uac peanizayii mexnonozii 3D-0pyxy. Ananimuunui 3anuc
NPOEKMOBAHUX 00'€EKMiB OAE MONCIUBICINE BUKOPUCOBYBAINYU OYKEEHT 2eoMempuyHi napamempu, CKIAOHi cynepnosuyii ¢y-
HKYIL, W0, 8 CB0I0 4epey, 00360JI5€ ONEPAMUBHO 3MIMIOBAMU IXHI KOHCIMPYKMueHi enemenmu. Pobouoi oemannio bazamvox
MeXaHizmie OJisi NPOCYBAHHL MAMEPIANY Y30081C 28UHMOBOI NOGepPXHI, KA obepmacmyvcs, € wnek. [llnexu euxopucmogy-
FOMbCsL 3aMICMb KOJIC 8 OesKUX 8UOAX 8CHOOUX00I8 abo Kombatinie. Bonu € HezaminHow demannto 6 ekcmpyodepax i Ha 6ypo-
sux cmanyiax. Ha eenuxux nionpuemcmsax ix 6UKOpUCHOSYIONs sIK 3ACiO MpaHcnopmyeanHs cunyuux peuosut. Lllnexu ne-
3aminHi 6 Xapuosiil npomuciogocmi. Kpim iHuwio2o, 6oHU GUKOPUCIOBYIOMbCA 8 CIMPLIEYbKIll 30poi, 0e 0emanb UKOHYE Poilb
Maeazuna 0t nampoHis. B pobomi nobydosano mamemamuuni i Komn'romepHi MoOeni WHeKi6 31 3MIHHUM [ NOCMILIHUM KpO-
KOM 3aKpYmKu, peanizosati Ha 3D-npunmepi. B enepeemuynux yCmaHoeKax ma iHWUX MexHiuHuX nPUCMposax WUPOKO GUKO-
PUCMOBYEMBCA 3aKPYMKA NOMOKY 071 Opeanizayii ma inmencughixayii pisnux npoyecis. 3akpyuyeanns € epekmusHUM 3aco-
b6oMm cmabinizayii noaym'ss 8 Kamepax 320PsHHs 2a30MYPOTHHUX 0BUSYHIB; BUKOPUCMOBYEMbCA OIS IHmMeHcuikayii menio- i
MACOOOMIHY 8 KAHANAX; 8 XIMIuHill, HAPMOGIll, 2a306i ma iHwux 2aay3sax npomuciosocmi. Ilobyoosano mamemamuyni i
KOMN'tomepHi MOOeNi UWHEeKOB020 3a8Uxprosaid, mpyou 3 J0KAmIbHOI 3aKpYMKOIO, CKpYy4eHOi mpyou cKIaOH020 NONEPeyHO20
nepepisy, axi peanizosani na 3D-npunmepi. Taxoowc Oyn0 30ilicneno npoyec noOYO08U HACMITLHOL TAMNU 3 OUBAUHEPCHKUM
0QhOpMAEHHAM Y 8USTISOI CKPYYEHUX MOPIG eNMUYHO20 NEPEPI3).

Knrouoei cnosa: meopis R-gpynxyiti, 3D-0Opyk, 26uHmoeull mun cumempii, uiHex.
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