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The article presents the results of theoretical and experimental developments regarding the
marking of scans and patterns of fittings of the ventilation system, provided that the unification of
installation and procurement work. The aim of the work is to create a graph-analytical method to
unify the construction of patterns of ventilation fittings, in particular in the design and manufacture of
adapters of different shapes and sizes; increasing the efficiency of procurement work for installation of
ventilation systems in production facilities by minimizing material waste during their manufacture,
and reducing the material consumption of products. The application of the proposed graphic-
analytical method will increase the efficiency of procurement and installation work and thus reduce
the amount of waste and material consumption for the manufacture of ventilation fittings for various
purposes.
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Introduction

The indoor microclimate is maintained by a ventilation system (Gumen et al., 2016; Voznyak et al.,
2005). The main conditions of comfort are the provision of normalized air velocity and indoor temperature
(Dovhaliuk & Mileikovskyi, 2007; Voznyak et al., 2005). This task is solved by the proper organization
of air exchange and the scheme of air distribution in the room (Dovhaliuk & Mileikovskyi, 2008;
Voznyak et al., 2019). Maintaining a comfortable climate meets human physiological needs and affects
health and performance (Dovhaliuk & Mileikovskyi, 2013; Voznyak et al., 2005). Along with these air
parameters, the concentration of CO2 in the room is of great importance (Kapalo et al., 2019; Kapalo et
al., 2018, Kapalo et al., 2014).

To solve this complex problem, there is a need to increase the efficiency of installation and
procurement of ventilation systems (Zhelykh, et al., 2019). In particular, there is a need to create a graph-
analytical method to unify the construction of templates for ventilation fittings for different purposes,
shapes and sizes. This will increase the efficiency of procurement work for the installation of ventilation
systems in production facilities by minimizing material waste during their manufacture, and reducing the
material consumption of products.

Target of this article

The aim of this work is to create a graph-analytical method to unify the construction of templates
for ventilation fittings, in particular in the design and manufacture of adapters of different shapes, sizes
and purposes; increasing the efficiency of procurement work for the installation of ventilation systems in
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production facilities by minimizing material waste during their manufacture, and reducing the material
consumption of products.

Techniques used

In ventilation technology, metal air ducts of round, square and rectangular cross-section are usually
used (Zhelykh, et al., 2019; Dovhaliuk & Mileikovskyi, 2007; Dovhaliuk & Mileikovskyi, 2008). adapters
with flanges (Dovhaliuk & Mileikovskyi, 2013; Gumen et al., 2016) Similarly, devices for distributing
indoor air are connected to air ducts (Voznyak et al., 2005; Voznyak et al., 2019). air distributors do not
match the shape and size of the air ducts to which they are connected.Therefore, there is a need for
maximum unification in the manufacture of templates for these fittings, For this purpose a graph-
analytical method of constructing fitting templates is created.

Marking a straight change-over from a larger diameter to a smaller one

The initial values for the construction are the values of both diameters D and d, as well as the
length of the transition |. The required values are the angle a and the radii R1 and R2.
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=

Fig. 1. The scheme of construction of the scan (template) of the change-over
from diameter D to diameter d(where a = b — the size of a standard metal sheet)

In Fig. 1 L1 and L2 are the arcs of a circle with center in point O which are drawn by the
corresponding radii:
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with central angle a:
a=—180X(ID‘d). 3)

Marking the change-over from round to rectangular

Initial data: the dimensions of the rectangular end AxB, the diameter of the round end D, the length
of the transition I. The required values are the angle a and the radii R1 and R2.
The perimeter of the rectangular end is smaller than the perimeter of the round end.

Fig. 2. The scheme of construction of the scan (template)
of the change-over from a round cross section
to a rectangular smaller perimeter

The analytical dependences are accordingly as follows:
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The perimeter of the rectangular end is larger than the perimeter of the round end.

Fig. 3. The scheme of construction of the scan (template)
of the change-over from a round section
to a rectangular larger perimeter

Similar analytical dependences:
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Marking the adapter from square to rectangular
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It should be noted that only the case of a larger perimeter of a rectangular end is possible, since it is

tgaz—b_a'
2h '

known that a square has the maximum area of rectangles of the same perimeter. Suppose we have a
square with side a on one end of the adapter and a rectangle of size b x ¢ on the other end. The template
is four alternately connected faces in the form of trapezoids of the following sizes: bases with length a
and b and height h (face ABCD) and bases with length a and ¢ and height h (face CDEF) (Fig. 4). The
appropriate height h must satisfy the requirement of a smooth transition and the inadmissibility of a
sudden narrowing as a local resistance. The angles of inclination a and £ depend on the sizes a, b, h and
a, ¢, h, respectively, and are defined as tg « and tg  from formulas (10, 11), respectively:

(10)
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a-c
tgh =——. 11
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After placing the face ABCD on the template, it is necessary to attach the face CDEF at an
angle vy, which is defined as y = o — B. Similarly, at the same angle y alternately join the faces EFGH

and GHKL.
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Fig. 4. The scheme of construction of the adapter template from a square section on a rectangle
of larger perimeter: a — drawings in projection connection; b — template

Because y = a — 3, then taking into account (10) and (11), we obtain:

b-a a-c
= arctg—— - arctg——. 12
g g on g on (12)
According to the geometric construction of the AB face of ABCD is determined from formula (13):
AB=054(b-a)’ +h* +4(a-c), (13)

where a,b, ¢, h — linear dimensions (Fig. 4).

Fig. 5. Full-scale experimental samples of adapters from
the end of 10 x10 c¢m at the end of adapter 3x30 cm



Graphic-analytical method of constructionof patterns of ventilation fittings 125

Fig. 6. Full-scale experimental samples of adapters from
the end of 10x10 cm at the end of adapter 4.5x22.5 cm

Fig. 7. Full-scale experimental samples of adapters from the end of 10x10 cm at the end of adapter 6 x15 cm

Figures 5, 6 and 7 present full-scale experimental samples of different sizes, which are made
according to a template built using the developed graph-analytical method (Fig. 4).

Conclusions

1. The calculated dependences for construction of templates of adapters of various form and the
sizes, and also exhaust hoods of various diameters and height are received

2. Technological maps for execution of templates of fittings of ventilation system are developed.

3. The application of the proposed graph-analytical method will increase the efficiency of
procurement and installation work and thus reduce the amount of waste and material consumption for the
manufacture of ventilation fittings for various purposes.

4. Made full-scale experimental samples of different sizes on templates, built using the developed
graph-analytical method, confirm its reliability.
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O.T. Bo3usik, FO. C. FOpkeBu4, O. M. Josoyu1, X. B. Muponmok, I. €. CyxoJioBa
HanionansHuii yaiBepeuteT “JIbBiBChbKa MOJITEXHIKA”,
kadeapa TEIUIOra30MOCTaYaH s 1 BEHTHIISIIIT

T'PA®O-AHAJITUYHHAN METO/] IOBYJTIOBU IABJOHIB BEHTWIALIMHUX ®ITUHIIB
O Bosusx O. T, FOpxesuy 1O. C., [logbyw O. M., Muponrwk X. B., Cyxonosa I. €., 2021

HaBezmeHo pe3ysbTaTH TEOPETHYHUX Ta EKCICPUMEHTAIBHUX PO3POOOK CTOCOBHO PO3MIYaHHS PO3-
TOPTOK Ta IMAONOHIB (HITHHTIB CHCTEMH BEHTHJIAINII 3a yMOBH 3a0e3ledeHHsS YHi(iKallii MOHTa)KHO-3aro-
TiBeJIbHUX po0iT. OTpUMaHO KapTHHH MEPEXiTHUKIB 3 TOBITPONPOBOIIB KBaIPATHOTO MOMIEPEYHOTO Iepepizy
Ha TIPSMOKYTHI PI3HUX PO3MIpIiB Ta CIIiBBIIHOUICHHS CTOPiH, a TaKOXX Ha IMOBITPOIPOBOAM KPYTIIOTO IO-
nepeyHoro mnepepizy. CTBopeHo rpado-aHATITHYHUE METO] MOOYI0BU IIa0IOHIB BEHTHISIIIHHUX (QITHHTIB
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pi3HOTO MpHU3HAYEHHSA. BUTOTOBNIEHO HATYpHI €KCIIEPUMEHTAIBbHI B3ipLi Pi3HUX PO3MIpiB, SKi BUTOTOBICHO
3a mabJIoHOM, MOOYIOBaHUM 3a JOMOMOTOI PO3pOOIEHOT0 Tpad0-aHATITHYHOTO METOay. MeTor podoTH €
CTBOpeHHs1 rpad0-aHANITHYHOrO MeToay Jjjis yHidikauii noOynoBu maONoOHIB BEeHTWISLIHHUX (IiTHHIIB,
30KpeMa I 49ac MPOEKTYBaHHS Ta BUTOTOBJICHHS MEPEXiTHUKIB Pi3HUX (POPM Ta PO3MIpIB; ITiJBUIICHHSI
e(PEKTHBHOCTI 3aroTiBEIbHUAX POOIT I MOHTAXXY BEHTWIALIHHUX CHCTEM Y BUPOOHMYHX MPHUMIMICHHAX 32
paxyHOK MiHiMi3amii BIIXOIiB MaTepiamy MiJ 4ac X BHTOTOBJICHHS, Ta 3HIDKCHHS MaTepiaJlOEMHOCTI TpO-
nykuii. OTpuMaHO PO3paxyHKOBI 3aJI€KHOCTI Ui TOOYAOBH IIA0JIOHIB EPEXiTHUKIB Pi3HOI (OpPMHU Ta Po3-
MIpiB, a TaKOXK PO3POOJICHO TEXHOJOTIUHI KapTH I BUKOHAHHS IIA0JIOHIB (DITHHTIB CHCTEMH BEHTHIIALIIL.
3acTocyBaHHS 3alPOIIOHOBAHOTO Tpado-aHATITHIHOTO METOAY 3a0e3Me4HTh MiIBUIICHHS e(EeKTHBHOCTI
3aroTiBeIbHO-MOHTQXHUX POOIT 1 THM CaMHM 3MEHIINTh KUIBKICTH BIIXOMIB Ta BUTpATy MarepialiB Ha
BUTOTOBJICHHS BeHTWIALIHHUX (ITHHTIB Pi3HOTO MIPU3HAYCHHS.

Hageneno ynigikoBaHy cxemy moOyoBH mIabioHa MepexiJHWKA 3 KBAJAPATHOTO Iepepizy MEHIIOro
nepuMeTpa Ha MPSIMOKYTHI Iepepizy OiIbIIOro MeprUMeTpa Pi3HUX PO3MIPIB y BUIJISAI KPECICHHS B INPO-
eKI[IfHOMY 3B'SI3Ky Ta YHIBEpCAJIBHOTO I1a0JIOHA.

Ku1r04oBi ci10Ba: MOHTAaK, 3aroTiBe/ibHI po00TH, BeHTH/IsILIsA, IA0/10H, QITHHT, NepeXiTHUK.



