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Summary. The article provides a theoretical substantiation of the structural parameters of the frame
structure for the placement of piece loads, as well as clamping levers with rollers and their arrangement, which
interact with the inner surface of the guide ropes of the developed transport system. The established limits of
rational parameters and angular positions of levers and their compression springs to the inclined sidewalls for
the right and left sides of the movable elements of the frame structure relative to the central vertical axis, as well
as the angle of the guide ropes to the horizon. On the basis of the results of calculations and recommendations for
the choice of parameters of the proposed technical solutions, a rope mechanism for storing piece loadings into
small warehouses was manufactured and preliminary experimental studies were carried out.
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Statement of the problem. Technological processes of loading piece loads, such as
apples, potatoes or other fruit and vegetables, into warehouses need to meet the demands to
their quality, especially for them to remain intact when it concerns the process of their storing
to the unloading area as there should not be any damages at all or they have not exceed the
permissible standards.

Analysis of resent researches. Analysis of investigation of processes of loading piece
loads into storage rooms by various types of transporting-technological machinery is presented
in studies [1-6]. However, the traditional types of transporting mechanisms are rather complex
structurally and material-demanding, and their use is economically feasible when transporting
loads over long distances.

Known rope transporting mechanisms for moving various piece loads, can be prototypes
in the development of new transport and technological machinery, as presented in articles [7-11].

The developed experimental devices and the research methods together with the results
of previous studies of the proposed rope transporting and technological mechanism are given
in the articles [12, 13].

Objectives of the research. To substantiate the structural parameters and mutual
locations of elastically connected elements of the frame structure of the rope mechanism
transporting system for moving piece loads which would provide their maximum rapid
transportation avoiding sharp oscillations to prevent damaging the transported loads.

Setting of the problem. Detrmine the limits of rational design parameters and angular
position of transporting system of the rope mechanism.

Results of the research. For soring piece loads into warehouses the transportation system
is developed which bases on the pair of parallel ropes fixed to the opposite walls of the warehouse
and movable triangular frame structure with pressing levers; the principle of its work and also its
elements are described in detail in the patents of Ukraine for useful models [14-15].
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General view of the rope mechanism and triangular frame structure for storing loads
with compressed springs levers and rollers is presented in Fig. 1. Accurate description of its
construction and principles of operation are given in articles [14, 15].
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Figure 1. General view of the rope mechanism and triangular frame construction for the location of loads with
compressed springs levers and rollers: a — loading area of piece loads; b —pair of ropes that are located at an
angle to the horizon; ¢ — fastening of ropes to the inner wall of the warehouse in the area of unloading of piece
goods; d — frame structure for the location of piece cargo: 1 — springs; 2 — levers; 3 — rollers; 4 — thrust;

5 — sides of the frame structure; 6 — flat plates; 7 — hole

Calculation scheme for setting design parameters in contact of a triangular frame
structure with tension levers and rollers and guide ropes is shown in Figure 2.

On the scheme, on plane OXY the central rollers 1 are shown, a pair of which is installed
at a certain distance in relation to central axis O and are leaned on stretched ropes 2. Ropes are
located at the angle o to the horizon.

With the central axis O the triangular frame structure with sides 3 for placement of piece
loads 4 in container is hinged. To the sides, the levers 5 with pressure rollers 6 which interact
with the inner surface of the ropes 2 are hinged.
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Figure 2. Calculation scheme for setting design parameters in contact of a triangular frame structure
with tension levers and rollers and guide ropes

The levers are spring-loaded towards the sides of the frame structure with compression
springs 7 (of the same or different length and stiffness), and the point of their attachment to the
sides may vary.

As previous studies have shown, the length of the compression spring should be chosen
so that in the initial state to minimize the roll-compression 6 of the inner surface of the ropes.
This will make it possible to avoid the braking of the frame structure with the loads in the
process of their motion.

The compression springs have to dampen out the probable oscillations of the frame
structure in relation to rolls 1 (mostly in unloading area where the abrupt braking of the system
occurs).

First, consider the placement of the levers with rolls from the right to the axis QY, i.e.
from the opposite side to the direction of the frame structure motion.

During the studying, the following assumption has been made: the rope tension force is
sufficient for conventional taking its area between the central and compression rolls as a straight
line.

Previously, determine the initial value of the angle y, between the line of lever with the
length liev placement relative to the sides of the frame structure located at angle y to axis OY.
Herewith, the ropes are placed horizontally and respectively, the angle a of their placement to
horizon is equal 0: o = 0°.

As the geometric parameters of the triangular frame structure for each individual case
are unchangeable, we previously determine the distance from the rotation axis of the supportive
rolls p. O to p. B which defines the horizontal position of the levers hinging (p. A) to the sides
of triangular frame structure: OB
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OB = lsa cOs v, (1)

where I, is the distance from axis of rotation of supporting rollers p. O to p. A of hinging the
levers to the sides of triangular frame structure.

Then determine the distance from the center of compression rollers p. O” during their
contact with conditionally horizontally placed ropes (o = 0°) to p. K located on the joining line
of hinging points of levers (p. 4 and p. 4") to the sides of triangular frame structure: O'K

OK=0B —2R =l cos y— 2R, (2)

where R is the radius of rollers.
Then the initial angle &,, which determines the lever position, when o = 0° to horizon, is
calculated from the dependence

sin &n = OK/ Ilev = (Ifa CoS vy — 2R) / Ile\/;

&n = arcsin ([lra cos y — 2R] / liev). (3)

For the analysis of functional dependence ¢, = f (lta), the respective graphic dependences
are drawn (Fig. 3) at different values of angle y: y=23,6° (B4 =200 mm);, y=26,1°
(B4=220mm), y=28,7° (BA=240mm); vy=313° (B4=260mm), vy=34,1°
(BA =280 mm). Herewith, the following structural parameters remained unchanged:
R=45 mm; liey = 400 mm.
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Figure 3. Graphical dependences ¢, = f (lsa) at different values of the angle y

Analysis of graphical dependences (Fig. 3) has shown that with stable value of radius R
of compressive rollers and the levers length liev, decrease of angle y from 23.6° to 34.1°, as well
as the extension of the distance lra causes the significant increase of the initial value of angle ¢,.

For above mentioned values R and liev, the increase of distance I > 530 mm does not
ensure the contact of rollers with the ropes in vertical position which levels up the designated
allocation of roller levers.

Thus, the following variable constructive parameters should be recommended:
lta = 450...525 mm and y = 26°...34° that correspond the maximum range of calculation values
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€, = 45°...75°. The increase of the value of angle y also contributes the extension of the area of
triangular frame structure basis where containers with piece load are placed.

After that, we find the functional dependence y, = f (Ia).

From the right-angled triangle 40BA the inclination angle t of the sides of triangular
frame structure to the horizon is determined: t = 90° — .

Then the initial angle y, is calculated from the equation

¥ = 180° — 1 — ¢, = 360° — (90° — y) — arcsin ([lra cos y — 2R] / liev);
¥ = 90° + vy —arcsin ([lra cos y — 2R] / liev). 4)
To analyze the influence of functionally joined together parameters y and lra on the angle

x» When the values R =45 mm and ley =400 mm are unvaried, the graphical dependences
¥ = T (Ira) with the angle values y = 26°...34° are drawn, which are presented in Fig. 4.

70+

604

50+

40 } } t i
450 465 480 495 310 //,a ,mm

Figure 4. Graphical dependences y, = f (It at angle values y = 26°, 28°, 30°, 30°, 34°

According to the previous research (Fig. 3) and recommendations on selection of the
structural materials, value | varies within la =450...525 mm and the angle varies within
y = 26°...34° that corresponds the change of the angle bounds ¢, = 45°...75°.

Analysis of graphical dependences has shown that they are slightly convex, and increase
of angle y brings to increase in the initial angle ;.

Increasing the value of the hinged attachment of the levers to the sides of the frame It
in the range from 450 to 525 mm causes decrease in the value of the angle y, by: 32,2% for
v = 26° 27,9% for y = 28°; 24% for y = 30°, 21% for y = 32°; 18,6% for y = 34°.

The next stage in theoretical research is to establish the relationship between the flow
angles ¢, xr and the angle a of the location of the ropes to the horizon. The values of the angles
er and xr vary in the range from their initial values (g, and y,) to the maximum possible value
at which the pressure rollers contact with the ropes with increasing value of the angle a.
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For small angular rotations of the pressure rollers, in their upper part and small radii R <
50 mm, around the ropes, as well as to simplify the derived analytical dependences for their
practical use, we assume that at a small angle o location of ropes to the horizon they contact
with the pressure rollers at points 1 and 2 respectively.

As the previous calculations have shown, as well as real bending of ropes around the
rollers [10], such supposition may be applied for further theoretical analysis, as it does not
significantly affect the obtained values of the desired measurements.

Giving the values step by step er> ¢, , dependence for determining the value O"K"as a
function of angle &7 will be as follows

siner=OK'[ liey;
O"K’ = liev Sin er. (5)
We previously derive the dependence for calculating the distance O"C
OC=0"K'— OK = liev sin er— (lta cOs y — 2R). (6)

From the calculation scheme it is evident that distance O”C is equal to distance 22"
0"’C=22". Then

tg o = 22"/ BK". (7
Value BK"is determined
BK' = BA + AK" = lta sin y + liey COS €7. (8)
Substituting (6) and (8) into equation (7), we obtain
tg o = (liev Sin &7 — lta cOs y + 2R) / (lfa Sin 7y + liev COS €7),
a = arctg [(hev Sin e7— lta cos y + 2R) / (lta Sin vy + liev COS €7)]. 9)

While analyzing the dependence (9), we will use the recommended range of the
parameters values, which were previously found (Fig. 3 and 4).

Also, when establishing the functional dependence o=f (e7), first, according to formula
3, we determine the relationship between the values of ¢, and It for the recommended values
of the angle y.

Having found the value ¢, for specific values of Isa and y for R and liev = const further,
step by step, given the value of the angle 7> ¢, by formula (9), the value of the angle a is
calculated.

Figure 5 shows the graphical dependences a = f (¢7) for y = 26°, 34°.

From the analysis of the diagramed graphic dependences, it is possible to state that
growth of absolute values of interconnected parameters ¢, and lta causes both the reduction of
change range of an inclination angle of ropes a to horizon, and decrease in its absolute
maximum value.

Analysis of the diagramed graphical dependences showed that the change in the value
of the angle y does not affect the nature of their change, but the increase in the angle y from 26°
to 34° causes the increase in the value of amax by 1.11 times, which is insignificant.
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Figure 5. Graphic dependences o = f (g7) at different values of the angle &,
values of lg, for: a -y =26°b-y=34°

In this case, when changing y from 26° to 34°, for the maximum values of 7 and Iz, the
range of change a increases from 2,7° to 8,5°, i.e. by 3.15.

Thus, choosing rational parameters, it is necessary to consider the position of
compression spring of the lever in the direction of an inclined side of a frame structure and
accordingly a direction of action of spring force. For big values of €, and I, the component
of this force will be much larger in the direction of rotation of the lever, and therefore there can
be chosen less stiffness of the spring, which will improve maintenance and repair.

The next stage is to determine the influence of the design parameters of the rope
mechanism and its elements, as well as different areas of attachment of compression springs to
their initial length when the rollers come into contact with the ropes, which are located at
different angles a to the horizon.

To ensure the action of the minimum force of the spring on the roller lever, which is
provided by a slight pre-tension in the initial loading state of the frame structure, the
transporting system structurally provides for adjusting the position of the tension springs.
Therefore, flat plates 6 with a number of holes 7 (Figure 1) for attaching springs are welded to
the inclined sides of the frame.

In the area of joining springs 1 to the levers 2, it is also possible to provide mechanical
adjustment of their length by means of rods 4 with locking pins 7, which can be located in
different positions in the holes of the rods, as shown in Figure 6.
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Figure 6. General view of mechanical adjustment of fixation of tension springs of different length
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Firstly, we determine the length of spring lsp in the initial state of the loaded frame
structure depending on the distance I (distance from point A of the lever hinged to the side of
the frame structure to the point J of joining the compressive spring to it) and distance |, (distance
from point A of the lever hinging to the side of the frame structure to point E of joining to the

lever of compressive spring).
To do this, we use the cosine theorem

lsp? = 177 + 1,2 — 17-1,-COS %7 (10)
Current angle xr is determined
xr=180°—t—¢er; T1=90°—1v;
xr=180°—90° + y —er;
yr=90° + v — &7 (11)
Substituting (11) into (10), we obtain
lsp? = 172 + 1,2 — 17-1,-c0s (90° + y — £7);
lsp = [172 + 1,2 — l7-1,-sin (g7 —7)]°°. (12)

While analyzing dependences (12), it is appropriate to set the range of discrete values
to Irand |, according to the previous research, namely Ir = (220; 250; 280; 310; 340; 370;
400) mm; 1, = (280; 300; 320) mm.

Values of angles y and er are given within the range given in the graphical dependences
(Fig. 5). Therefore, angle y takes the values y = 26°; 30°; 34°, and angle er = 45...85°.

Herewith, according to calculations for angle y=26° angle er changes within
er =45...85% for angle y = 30° within g7 = 50...85% for angle y = 34° within g7 = 55...85°.

In Figure 7, the graphical dependences Isp = f (g7) for different values of angle y and |7
are presented.
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Figure 7. Graphic dependences Isp= f (¢r) at different values of angles y = 26°; y = 30°; y = 34° and
values of |7 =220 mm; 280 mm; 340 mm; 400 mm
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When analyzing the dependence (12), the value of I, was taken as a constant
I, = 300 mm, because the design of the mechanism must provide for the choice of spring length
using an adjustable rod.

Analysis of the graphical dependences shows that the angle of inclination y of the sides
of the frame structure does not have a significant effect on the initial length of the compression
spring lsp. In this case, increasing the value of the angle y in the range from 26° to 34° brings to
an increase in the range of change of the angle er from 55°...85° to 45°...85°.

Thus, for g7 = 55°, at which all graphical dependences begin or continue in the vertical
direction, the change of the angle v in the range from 26° to 34° causes the increase in the value
of lsp by 3.9... 4.3%.

For er = 85° a change of angle vy in the range from 26° to 34° brings to increase in the
value of Isp by 3.1... 5.5%.

At the same time, the value of spring It significantly ettects the value of the spring length
Isp.

Thus, for er = 55°, an increase in the value of Iz from 220 mm to 400 mm for the range
of angles y =26°... 34° causes an increase in the value of Isp by 1.34... 1.35 times.

A similar increase in the value of Isp is also present for er = 85°.

These analytical dependences are valid for the elements of tension of the ropes, which
are located on the right side relative to the axis OY.

To summarize the recommended parameters of the elements of ropes tension, consider
their position on the left side relative to the axis OY.

In the calculations, we take only the values of previously studied parameters that
significantly impact the desired values.

To diagram the graphical dependences a = f (¢7), considering the previous studies for
the right side of the frame structure, we take the following values of the parameters: y = 30°; liev
=400 mm; R =45 mm.

When conducting research, as in previous case, we take the value of Iz as: Ia = 450;
470; 490; 510; 530 mm.

The difference is that in given above constant values of parameters the value of angle er
which is less than angle er < &,, is given step by step.

First, we set the dependence for finding angle &7

siner=O"K"/ lie;
O”K” = liey Sin 7. (13)
Dependence for calculation of distance OC”
O C = 0K—-0"K"= (Ia €0S y — 2R) — liey SiN 7. (14)

It is evident, that distance O'C”is equal to the distance 33" O'C" = 33..
Then

tg o = 33'/ BK”. (15)

dependence for determining BK"is similar to formula (8) for determining the value BK".
Substituting (14) and (8) into equation (15), we obtain

tg o = (ltacos y — 2R — liey Sin €7) / (lfa Sin y + ljev COS €7),
a = arctg [(lta cos y — 2R — liev Sin €7) / (lta SIiN vy + liev COS €7)]. (16)
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In Figure 8, graphical dependences o = f (e7) with various values |t and ¢, for y = 30°

are given.
Their analysis shows that the trend of changing a = f (g7) is of opposite nature than the

previous case and is described by linear dependence.
Herewith, increase of value of Iz in the given range does not cause significant increase

of change of angle .
Thus, for g7 =20° increase of value lra from 450 to 530 mm brings to the increase of

angle a by 32%, and for €7 = 50° angle a changes from 0 to 6,8°, i.e. the range of its absolute
value change is insignificant.
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| |
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Figure 8. Graphic dependences o = f (¢7) at different values of the angle &,,values of I, for y = 30°

Similarly to the previous case, we determine the impact of constructive parameters of
the rope mechanism elements and also the areas of compressive springs fixation on their initial
length Isp during the contact of rollers with the inner surfaces of ropes placed at different angles
a to horizon.

Herewith, formulas (9)—(12) are valid for both cases when calculating the value of Isp.

During analysis of dependence (12), for the left side of tension roller levers of the frame
structure the value |7 was given the range of discrete values due to the previous research, namely
I7 = (220; 280; 340; 400) mm. The values of the parameters were constant: |, = 300 mm; v = 30°.

The variation range of angle er was taken within the limits given in graphical
dependences (Figure 8): €7 = 20...70°.

In Figure 9, the graphical dependences Isp = f (€7) for different values of I are presented.

I,
mm

1, =400mm

1, =340mm

3441 y
1=220mm 1,=280mm

300 ; ; ; ,
20 30 40 50 60 &

Figure 9. Graphic dependences lsp = f (gr) for I, = 300 mm,; y = 30° and different values
I7 =220 mm; 280 mm; 340 mm; 400 mm
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Analysis of graphic dependencies shows that, as in the previous case, the increase of
value |7 brings to increase of value lsp.

At the same time, the increase of angle €7 leads to the decrease of the spring length Isp
in its initial state.

Thus, for the current angle er = 20° the increase of value Iz in the range from 220 mm
to 400 mm with the inclination angle of the sides of frame structure y = 30° causes the increase
of value of Isp by 1.34 times. Similar increase of the initial length of the spring Is, occurs when
the current angle is e7 = 70°.

Conclusions. On the basis calculations and analysis of the research results, construction
parameters of rope mechanism for its left and right sides relatively to axis OY are
recommended.

The inclination angle of the sides y axis OY should be selected about y = 30° as such
value is structurally rational and the deviation from it in different directions +/- 5° does not
significantly affect the desired values.

When choosing the parameters and position of roller levers and compression springs, it
is necessary to focus on the layout of conveyor system of rope mechanism, namely the angle a
of the ropes to the horizon, for which dependences are shown in Fig. 5 and 8.

When choosing the initial length of the spring lsp, it is necessary to focus on the graphical
dependences, which are shown in Figures 7 and 9, as well as to provide for the adjustment of
its length by other mechanisms.

Based on the analysis, it can be stated that more accurate range of choice of structural
parameters of the frame structure and springs that press the levers with rollers, as well as their
relative position, taking into account the angle a of location of ropes to the horizon, can be
given after force analysis.
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YK 621.867.42

OBIPYHTYBAHHSI KOHCTPYKTUBHUX TIAPAMETPIB
EJIEMEHTIB PAMHOI KOHCTPYKIII TPAHCIIOPTHOI CUCTEMHU
KAHATHOI'O MEXAHI3MY JIUIAA 3BABAHTAKEHHSA ITYYHUMU
BAHTA’KAMU MAJIUX CKJIAJICBKUX ITPUMIINEHD

Poman I'eBko; FOpiit Hukepyii; Tapac {oBOym; Bacuiab Ouexcrok

Tepnoninbcokuu HayionanrbHuu mexHivHuu ynigepcumem imeni leana Ilynios,
Tepnonins, Yrpaina

Peztome. Texnonoziuni npoyecu 3a6aHMAICEHHA WMYUHUMU BAHMANCAMU MATUX — CKAAOCLKUX
npuminjensb, Mmakumu Ax, AOIYKA, Kapmonis abo iHwuMu Gpykmamu yu ogovamu nompedyioms 3abesneyenis
BUCOKOI NPOOYKMUBHOCMI Ma MIHIMI3ayii cmynensi iX NOWKOOJNCEHHs 8 npoyeci nepemiujeHusi 00 30HU
BUBAHMAICEHHS, SIKI He NOGUHHI Nepesuwyyeamu 0onycmumi Hopmu abo Oymu e3azani eiocymuimu. B pobomi
Hagedeno meopemuyne 0OIPYHMYBAHHA MEXHC PAYIOHATLHUX KOHCIPYKMUSHUX NAPAMEmPI8 paMHOT KOHCMPYKYTT
0J151 PO3MIWEHHA WMYYHUX GAHMAIICI, A MAKOIC NIONPYICUHEHUX GAIICENIE 3 PONUKAMYU MA IX PO3MAULYBAHHS, K]
83aEMOO0TI0Mb 3 GHYMPIWHLOI0 NOBEPXHEIO HANPABIAIOUUX KAHAMIE PO3POONeHOI MPAHCHOPMHOI CUCHEMU.
Bemanosneni meoici payionanvHux Kymogux NOL0HCEHb 8ANCENI8 MA IX NPYHCUH NIOMUCKAHHSA 00 NOXUIUX OOKOBUH
071 npagoi ma 1igoi CMopiH pyxomux eemeHmis pamHoi KOHCmMPYKYii 6i0HOCHO YeHMPAIbHOI 6ePMUKATbLHOL OCI,
a makodic Kyma pO3mauly8aHHs HANPAGIANOHUX Kanamie 00 zopusonmy. Ilpu eubopi KOHCMpPYKMueHUX
napamempie 1 NOJOJICEHHS PO3MAULY8AHHS 6AdCeNi6 3 POIUKAMU MA NPYIHCUH CHUCKAHHA, 8 NepuLy uepay,
He0OXIOHO OPICHMYBAMUCS HA KOMNOHYBAbHY CXeMY MPAHCNOPMHOL cUCmeMu KaHAMHO20 MeXauismy, a came
Kyma o po3mautysanns kanamie 0o zopuzoumy. Ilpu 6ubopi nouamkogoi 008ICUHU RPYICUHU Isp HeobXioHO
OpIEHMYBAMUCS HA OMPUMAHI 2pAiuHi 3ANeIHCHOCMI, A MAKONC nepeddbayumu peeymno8ants ii 008XHCUHU 3d
donomoeor iHuux mexanizmie. Kym naxuny 6oxosun y 0o oci OY eapmo subupamu 6auzvxkum y = 30°, ockineku
11020 make 3HA4eHHsl € KOHCIMPYKMUBHO PAYIOHAIbHUM, d 8iOXUNEHHSL 80 HbO2O 6 Pi3ii CMOopoHU 6 medcax +\- 5°
Cymmeso He @nauac Ha wiyKawui geruuunu. Ha ocnosi ompumanux pesynemamis po3apaxyHKie i pekomenoayill
CMOCOBHO GUOOPY Napamempie 3anpoNnOHOSAHUX MEXHIYHUX DIUeHb GUSOMOBNIEHO KAHAMHUL MEXAHI3M O7A
3A6aHMAICEHHS MANUX CKAAOCLKUX NPUMIWEHb  WMYUYHUMU — BAHMAICAMU MA  NPOBEOEHO NOonepeoui
eKCnepuUMeHmanbHi 00CI0NCEHHS.

Kniouogi cnosa: xanamuuii Mexanizm, KOHCMPYKMUBHI napamempu, RIOMUCKHI 8AdICel, ONOPHI POIUKU,
Kymu npo6epmanHsi.
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