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INCREASING OF ELEVATION ANGLES IN VIBRATORY CONVEYOR
WITH ELECTROMAGNETIC DRIVE

The design of conveyor intended for automation of inter-operational movement and supply of details and
materials on the mechanized military enterprises and warehouses is considered. It is based on two-mass vibratory
conveyor with independent electromagnetic drives of longitudinal and normal oscillations of conveying track and
with horizontally mounted flat latticed springs. Electromagnetic drive allows implementing the optimal by velocity
biharmonic normal oscillations of conveyor’s working body with a certain value of natural frequency, which
depends on the inclination angle of conveyor’s track. The latticed springs are mounted between the working body
and reactive frame of conveyor with the possibility to change the working length of springs and as a result the
natural frequency of normal oscillations. The presented vibratory conveyor allows increasing the conveying velocity
and the elevation angles, when the loads are moving up, without design’s complication.
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Problem statement

Vibratory devices (conveyors, bowl feeders, elevators,
manipulators), particularly the vibratory conveyors with
the electro-magnetic drives, can be widely used in the
military enterprises and warehouses for automation of
the auxiliary operations, such as inter-operational
movement, supply of details and materials to the
processing and assembly positions. They allow moving
the different types of cargo, differing in sizes, weight,
including the fragile and explosive materials, not only
horizontally but also upward on the definite height. For
the conveying of such materials it is necessary to
observe the non-jumping modes of moving. However,
in these modes the most common vibratory conveyors
with linear oscillations, possessing the simplicity of
maintenance, reliability and possibility of re-adjustment,
are characterized by the low conveying velocity and
elevation angles, and as a result, the low productivity
and insufficient lifting height.

The using of independent drives of longitudinal
and normal oscillations may sufficiently increase the
conveying velocity and elevation angles, especially with
the using of biharmonic normal oscillations. Nevertheless,
the existing designs of conveying devices implementing
such oscillations are relatively complex.

Analysis of recent publications

Vibratory conveying devices have been considered
in many scientific papers [1,2], particularly in dissertation
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[2] the advantage of using of harmonic longitudinal and
biharmonic normal oscillations has been proved. Such
oscillations with definite ratios of component’s amplitudes
and phase difference angles support the sufficiently
increasing of the conveying velocity and elevation angles.
This advantage is the most special for non-jumping modes.
The existing designs of vibratory conveying devices
implementing such oscillations are constructed on the
basis of three-mass oscillating system, that’s why they
are relatively complex due to the presence of additional
mass and additional drive of second harmonic of normal
oscillations [3]. Author has offered the method of
vibratory conveying [4], that lies in fact that biharmonic
normal oscillations of vibratory conveyor with optimal
by velocity ratio of component’s amplitudes and phase
difference angles are excited by the single electromagnetic
drive with the definite value of natural frequency of
normal oscillations, depending on elevation angle. So
such optimal oscillations can be implemented in two-
mass vibratory conveyor, for example in conveyor with
the flat latticed springs [5]. However, it has the constant
frequency of natural oscillations and with changing of
elevation angle the springs need to be changed.

Aim of the article

The purpose of the paper is the design and
development of two-mass vibratory conveyor with
independent electromagnetic drives of longitudinal and
normal oscillations that implements biharmonic normal
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oscillations with optimal by velocity ratio of component’s
amplitudes and phase difference angles depending on
inclination angles of conveyor’s track. The conveyor’s
design should provide the ability to change the natural
frequency of normal oscillations with changing of
inclination angle.

The main material presentation

Two-mass vibratory conveyor with independent
electromagnetic drives of longitudinal and normal
oscillations, the dynamic scheme of which is shown on
Fig. 1, consists of the working body with mass m, and
reactive frame with mass m; , that are connected with
aid of elastic system in the form of flat latticed springs
with stiffness in horizontal and vertical directions c, and ¢,
respectively. Reactive frame is installed on the foundation
using vibratory isolators, the stiffness of which is c;.
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Fig. 1. Dynamic scheme of two-mass vibratory conveyor
with independent longitudinal and normal oscillations

Due to the use of longitudinal (along the direction
of conveying — with respect to coordinate x) and normal
(perpendicular to track’s plane — with respect to
coordinate y) oscillations with phase difference angles,
optimal by velocity, the vibration of conveyor’s working
body is implemented by the law:

x=A-sin(ot +¢),

y = Asinot + A; cos 2emt @
where A,— amplitude of longitudinal oscillations, A; and
A, —amplitudes of relatively first and second harmonics
of biharmonic normal oscillations, w=2nv — circular
frequency of forced oscillations, v — cyclic frequency of
forced oscillations, € — phase difference angle, t — time.
The stiffness of vibratory isolators is negligible relatively
to the stiffness of elastic system, that is why we accept
¢1=0. The natural frequencies of longitudinal and normal
oscillations v, and v, relatively can be obtained by
formulae [1]

1 /cx 1 /Cy
=— | =—_ |2, 2
Vx 2r\im Yy 2 \Vm @)

where m = m; m, / (m; + my) — reduced mass of
vibratory conveyor.
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According to theoretical and experimental
investigations [6] the optimal by velocity ratio of
harmonics’ amplitudes Ay/A, of biharmonic normal
oscillations may be obtained with a single electromagnetic
drive that works in pre-resonant mode with the definite
value of natural frequency wv,=v«, that depends on
parameter of inclination angle K, , which is calculated
by formula

Ko == ®)

where a — inclination angle of conveyor’s track to
horizon, f - coefficient of friction of conveying goods.

On common case of forced frequency v=50 Hz
for implementation of optimal vibration’s law (1) two-
mass vibratory conveyor with electromagnetic drive
should provide the variable value of natural frequency
of normal oscillations v,. The graph of optimal frequency
of normal oscillations v~ dependence on parameter of
inclination angle K, is shown on Fig. 2.
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Fig. 2. Dependence of optimal frequency of normal
oscillations v« of vibratory conveyor on parameter
of inclination angle K,

According to Fig. 2, this frequency should be from
v,=70,1 Hz with horizontal conveying (K,= 0) to v,=66,5 Hz
with limited value K,=0,9 (maximum angle when upward
moving is possible). The value of natural frequency of
longitudinal oscillations should be constant v,=52-53 Hz [1].

Elastic system of vibratory conveyor consists of
the latticed springs 1 (Fig. 3) — the flat springs with the
working length L, width B and thickness h , with n-1
longitudinal cut-outs by length I, that form n bars with
width b. The latticed spring 1 is connected by its both
ends to working body and reactive frame with aid of
gaskets 2 with bolt connection. The spring has the oval
slots 3, by virtue of which the gaskets may move relative
to the spring, changing the working length L.
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Fig. 3. Element of elastic system — latticed spring

The spring has stiffness in horizontal and vertical
directions, and the last does not depend on the working
length L of spring, but on the length | of bars. If the latticed
springs would be mounted horizontally, the horizontal
and vertical stiffness of elastic system of vibratory
conveyor according to [7] can be calculated by formulae

iEn®
Cy=————— 4)
YTBI 8
+ R
B nb
where i—number of springs, E — Young’s modulus.
If the working length L of springs can be changed,
the value of natural frequency of normal oscillations v,
changes without changing of natural frequency of
longitudinal oscillations v,.
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Fig. 4. Design of two-mass vibratory conveyor with independent electromagnetic drives
of longitudinal and normal oscillations and horizontally mounted latticed springs:
a —main view, b — top view with slice 4-4

Fig. 4 shows the design of two-mass conveyor
with independent electromagnetic drives of longitudinal
and normal oscillations and horizontally mounted latticed
springs (Fig. 4a — main view, Fig. 4b — top view with
slice A-A).

Fig. 5 shows left view of conveyor with slice B-B,
Fig. 6 — system of the springs’ working length operation
with changing of track’s inclination angle.

Vibratory conveyor (Fig. 4 and 5) consist of the
working body’s housing 1, to which the load-carrying
track 2 is connected, and reactive frame 3. The working
body and reactive frame are connected by two latticed
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springs 4. Vibratory drive of longitudinal oscillations
consists of two electromagnets, which are mounted
symmetrically with respect to the vertical axis of
conveyor. The cores 6 of electromagnets are fastened to
reactive frame 3 and their anchors 7 are fastened to
housing 1. Vibratory drive of normal oscillations consists
of core 8 of electromagnet, which is fastened to reactive
frame 3, and anchor 9, which is fastened to housing 1.
Reactive frame is installed on the foundation using
vibratory isolators 10. Latticed spring 4 is mounted by
the bolt connections through the gaskets 5 by one of its
end to bracket 11 of working body’s housing and by
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second one — to bracket 12 of reactive frame (Fig. 5). In
the places of connection the latticed springs have oval
slots that allow the gaskets 5 to move relative to the springs.
The brackets 11 and 12 are supplied by marks relative to
the value of parameter of inclination angle K.

B-B 2

Fig. 5. Design of two-mass vibratory conveyor
(left view with slice B-B)

Fig. 6a shows the system of springs’ working length
operation: spring 4 is fastened by bolt connection through
the gaskets 5 to bracket 11. Fig 6b shows the marks on
the bracket 11 in enlarged view (element C). The same
marks are on the bracket 12 of reactive frame.
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Fig. 6. System of the springs’ working length operation
with changing of track’s inclination angle
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Initially the springs are mounted to the brackets in
a way to provide horizontal conveying (0=0°), i.e. the
gaskets 5 are fixed opposite the marks of brackets 11
and 12, which are correspond with the value of parameter
K,=0 and therefore the value of natural frequency of
normal oscillations 70,1 Hz. With the necessity of
conveying upward and changing of inclination angle o it
needs to change the working length of strings. For this
purpose, knowing the values of the angle a and coefficient
of friction f, it needs to calculate the value of parameter
K, by formula (3) and to fasten the springs 4, fixing the
ends of gaskets 5 opposite the corresponding marks of
the brackets 11 and 12. With changing of gaskets position
corresponding to the marks, the working length L of
springs changes and according to formulae (2) and (4)
the stiffness and natural frequency v, of normal oscillations
changes as well, though the stiffness and natural frequency
vy Of longitudinal oscillations stays unchanged. For saving
the symmetry of elastic system the ends of all eight
gaskets 5 must be fixed opposite the same marks of
brackets 11 and 12.

Two-mass vibratory conveyor allows implementing
the harmonic longitudinal and biharmonic normal
oscillations of working body, optimal by velocity for
different elevation angles.

Conclusions

The design of two-mass vibratory conveyor with
independent electromagnetic drives of longitudinal and
normal oscillations and horizontally mounted latticed
springs is constructed. With definite value of natural
frequency of normal oscillations, depending on inclination
angle relative to horizon, electromagnetic drive implements
optimal by velocity biharmonic normal oscillations. It
allows sufficiently increasing the conveying velocity and
elevation angles. With changing of inclination angle, it
needs to change the natural frequency of normal oscillations.
It is achieved by changing the working length of springs,
moving the gaskets of bolt connection along the marking
brackets of working body and reactive frame of conveyor.

Describing vibratory conveyor, created by preliminary
calculations and adjustment may be effectively applied
for industrial automation of military enterprises and
warehouses, particularly for inter-operational movement
and supply of details, massive, fragile and explosive
materials to the processing and assembly positions of
mechanized production.
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30isb1IeHHs KYTiB nifiioMy BanTaxiB y Bidpauilinomy TpancnopTepi 3 eJIeKTPOMArHiTHUM NPUBOAOM
1. BpyOneBchkuit

Pozensnymo konempykyito 060Maco6020 8ibpayiliH020 MPAHCROPMEPA 3 HE3ANEHCHUMU eLeKMPOMASHIMHUMU 810P030Y0XHCYy-
8auaAMU NO300BIICHIX | HOPMATLHUX KOIUBAHL POOOUO20 Op2aiy i NPYICHOIO CUCIEMOIO Y GUNAO0I TPAMUACTNUX NPYICUH, NPUSHA-
4eH020 O A8MOMAMuU3ayii nepemiujeHHs PiSHOMAHIMHUX 8AHMANCIB, 30KpeMa MACUBHUX DO KPUXKUX, HA BiICbKOBUX NIONpU-
emcmeax ma ckaaoax. Ilnocki ipamyacmi npyscuHu po3smauio8ani 20pu30HMANbHO i KPinaAmucs ceoimu Kinysamu 00 KpoHuimeri-
Hi6 pobO1020 Op2aHy i peakmugHo20 KApKAca 3a 00NOMO2010 60IM08020 3 €OHAHHA Yepe3 NPOKIAOKU, WO 00360510Mb MIHAMU
pobouy 006dxcuny npyscun. Ipu ybomy 3MiHIOEMbCA 61ACHA YACMOMA HOPMATILHUX KOIUSAHb, 8 MOl 4AC AK 1ACHA YaACMOma
N03008XHCHIX KOMUBAHD HE MIHAEMBCA, WO OAE MONCIUBICIIL PoOOmU 8IOPO30YOXHCYBaUaA NO300BIXHCHIX KOIUBAHb V OLIADE30HAHCHOMY
pedicumi 015 NIOMPUMAHHA 8eTUKOT AMNIIMYOU KOIUBAHD, A 8I0N0GIOHO, | 8UCOKOT weuOKocmi mpancnopmyeanus. Enexmpomaenim-
HULl 8I6p030Y04CY8aAY HOPMANLHUX KOMUBAHb, AKUL NPAYIOE Y OOPE3OHAHCHOMY pedlcumi (KOau 4acmoma 61dCHUX KOIUBAHb
cymmeso 6inbuia 3a Yacmomy KoAueanb Npusooa), 003601A€ peanizyeamu ONMUMAIbHI 3a WEUOKICMIO Oi2apMOHIYHI HOPMAbHI
KOAUBAHHA pODOH020 Op2aHy Npu NeBHOMY 3HAYEHHI 6]ACHOI YACMOMU, AKA 3A7eHCUMb 6i0 Kyma HAXULY MPAHCHOPMHOL
naowunu 0o eopuzonmy. Ha xpowmwmeiinax po6ouo2o opeany i peakmueHo20 Kapkaca HaHeceHi MimKu, wjo 8ionogioaioms
NesHUM 3HAYEeHHAM napamempa Kyma HAXULy — GIOHOWEHHIO maHzeHca Kyma Haxuny 00 Koegiyicnma mepms KO83aHHA
6AHMAICY, HANPOMU AKUX NOBUHHI BCIMAHOGTIOBAMUCS NPOKIAOKU KPINJIEHHA NPYIHCUH NpU 3MIHI Kyma Haxuly. Jianazon mimok
6i0 0 (npu 2opusonmanvromy mpancnopmyeanii) 00 0.9 (npu mMaxcumanbHOMy Kymi, npu AKOMY MOXCAUBE MPAHCROPMYBAHHSL
6zopy). Ilpu 3mini Kyma naxuny neob6XioHo nopaxyeamu 3HA4eHHs napamempa Kyma HaxXuiy ma GCMAaHO8UMuU KiHyi nPOKIaooK
Hanpomu 8i0nogioHux Mimox. [ns 30epexceHHs cumempii npysxcHOi cucmemu HeoOXIOHO 6Ci NPOKNAOKU BCMAHOBNIO8AMU
Hanpomu 00Haxosux mimox. Ilpeocmasnenuii 8ibpayitinuti mpancnopmep 0036014€ Oe3 YCKIAOHEeHH KOHCMPYKYIl CYymmeeo
nIOSUWUMU WEUOKICIb MPAHCNOPIYEAHHS MACUGHUX 8AHMAICIE MA 30LIbwumu Kymu ix nioiomy npu mpaHcnopmy6anHi 62opy.

Knrwwuoei cnosa: sibpayitinuii mpancnopmep, eneKmpoMAasHIMHUL NPU00, Kym NiOuoMy 6AHMANICY.

VYBeauueHue yrjoB noxb&émMa rpy3oB B BUGPALMOHHOM TPAHCIIOPTEPE € 31eKTPOMATHHTHBIM IPHBOIOM
. BpyoneBckmii

Paccmompena KoHCMpYKyus 08yXMacco8o20 BUOPAYUOHHO20 MPAHCHOPMEPA € HE3ABUCUMBIMU DNEKIMPOMASHUMHBIMU
8UOPOBO3OYOUmMENAMU NPOOOTLHLIX U HOPMATLHIX KONeOAHUll pabouezo opeana u ynpyou cucmemoll 8 8uoe peuémuamolx
NPYIHCUH, NPEOHASHAUEHHO20 OIS AGMOMAMUAYUL NEPeMeWeHUs PA3TUYHbIX 2PY308, 6 M. 4. MACCUBHBIX UIU XPYNKUX, Hd
B0EHHbIX npednpuamuax u ckradax. Ilnockue pewémuamole NPYHCUHBL PACNOTONHCEHI 2OPUSOHMANLHO U KPENAMCA CE0UMU
KOHYamu K paboyemy opeany u peakmueHOMY KapKacy mpancnopmépa ¢ noMowsio 601moeo20 cOeOUHeHUs uepe3 nPOKIaoKu,
no360AI0WUe USMEHAMb pAOOUYIo OAuHy npyxucuH. IIpu smom mensemcs coOCMEEHHAs 4ACMOMA HOPMATLHBIX KOAeOaHull,
mozoa Kak COOCMEEHHAs Yacmoma NPOOOAbHLIX KONEOAHU OCMAEMCs HeUSMEHHOU, Mo 0aém 603MONCHOCHb pabomvl
INEKMPOMASHUMHO20 8UOPOBO30YOUMENsE NPOOOTbHLIX KOACOAHUL 8 OKOIOPE3OHAHCHOM pedicume 015 NOO0epAHCanHus OOnbULoL
aAMRAUMYObl KOEOAHULl U COOMBEMCMBEHHO BbICOKOU CKOPOCMU MPAHCROPMUPOBAHUA. DNeKMPOMAZHUMMHYIN 8UOPOB030YOuUmens
HOPMATbHBIX KOAeOanutl, pabomarowuli 8 OOPE30HAHCHOM pedicume (Koeda uacmoma coOCMEeHHbIX KOAeOAHUU CYUeCmEeHHO
bonbue uacmomyl Konebanuti NpueoOa), NO3EOIAEN Pearu308ams ONMUMALbHBIE NO CKOPOCHU DU2APMOHUYECKUE HOPMATIbHbIE
Konebanus pabouezo opeana Mpancnopmeépa npu onpeoenéHHol coOCMEEHHON Yacmome, KOMOpas 3a6UCUm om yend HaKIoHd
MPAHCNOPMHOU nAOCKocmu K 20pusoumy. Ha KpowwmeliHax paboue2o opeana u peakmuHO20 KApPKACA HAHECEHbl MemKU,
coomeemcmaylowue onpeOeieHHbIM 3HAYEHUSM Napamempad yaid HAKIOHA — OMHOWEHUs. MAH2EHCA Y2la HAKIOHA K KOdpdu-
YueHmy mpeHus CKONbIHCEHUs 2py3d, HANPOMUE KOMOPHIX OONACHbL YCMAHABIUBAMbCSA NPOKAAOKU KpPenaeHus Npysxcun npu
usmenenuu yena Haxkioua. [Juanazon memox om 0 (npu eopusonmanvHom mpancnopmuposanuu) 0o 0,9 (maxcumanvrHom yene
noovéma, npu KOMOPOM 603MONCHO Osudicenue 6sepx). IIpu usmenenuu yena HAKIOHA HEOOXOOUMO ROCHUMAMb 3HAYEHUE
napamempa yeia HaKIoHd U YCMAHOBUMb KOHYbl NPOKIAOOK HANPOMUE COOMBEMCMEYIouWuUX Memok. s cCoOXpanerus cumment-
PuL Ynpyeoll CUCmeMbl HYIHCHO 6Ce NPOKIAOKU YCMAHAGIUBAMb HANPOMUE OOUHAKOBLIX MemokK. IIpedcmasientblil 6UOpayUOHHbIL
MPAHCNOPMEP NO360IsIeM, He YCIONCHASL KOHCIMPYKYUIO, CYWeCMBEHHO NOBbICUMb CKOPOCMb MPAHCROPMUPOBANUS. MACCUBHBIX
2PY306 U Y8enuuUmy yeubl ux n00EMAa Npu MpaHCROPMUPOBAHUY 66€PX.

Knrwouegwle cnosa: subpayuonuiti mpancnopmép, 91eKmpoMasHumublil npueoo, Y20l N00béma 2py3a.
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