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1. UVOD

Nejcetnéj§i problémy se vyskytuji
v problematice skladovani a dopravy
sypkého materidlu na dalsi dopravni
systém (kominovani, klenbovani, tvorba
oblouku, jadrovy tok, atd. [3]). Tyto
nezadouci jevy maji vliv na celkové
fungovani dopravniho systému a nasledné
se projevuji nefunkénosti celého systému,
ktery  ohrozuje  bezpeCnost obsluhy
provozu [4].
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1. INTRODUCTION

The most numerous problems-
malfunctions occur during the storage and
transfer of bulk material to another
transport system (funneling, arching,
creating an arch, core flow, etc. [3]). These
malfunctions have an effect on the entire
operation of the transport system, as well
as on the subsequent lack of functionality
that occurs in the entire system, which
endangers operational safety [4].
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Za timto ucelem byl navrzen a
zkonstruovan 3Dimenzionalni (tfiosovy)
snima¢ sypkych hmot (obr. ¢. 6, [8-9])
umoziujici  detekci  redlnych  napéti
v kritickém misté tvorby poruch. Zména
napéti (tlaku), resp. jeho pfirtstek je prave
indikatorem  vzniku poruch. Drivéjsi
konstrukce snimacu vychazely
z predpokladu pfenaSeni tlakli a pulsaci do
stén zasobniku a ztohoto divodu se
umistovaly pfimo na stény zasobniku
(sila). Bohuzel, c¢asto tato méfeni
neodpovidala skutecnosti a neodrazela
skute¢ny stav vlivem Spatného prenosu
signalu od zdroje  problematického
materialu. Zminovany navrzeny 3D snimac
véetné metodiky identifikace tlaki pomoci
vhodného SW (obr. ¢. 3 a 5) dokaze fesit
tyto problémy v celé jeho §ifi a navic
dokaze zaregistrovat veskeré okamzité
jevy  vyskytujici se uvnitf-pfimo
v kontaktnim misté sypké hmoty.

2. KONSTRUKCE A VYVOJ

3DIMENZIONALNIHO
PRISTROJE PRO SNIMANI
NAPETOVEHO STAVU

SouCasny stav  vyvoje meéficich

pristrojii pro zjiStovani napétovych stavi
sypkych hmot ustrnul a nepfinesl zadné
prevratné novinky do oblasti vyvoje zcela
novych méficich aparatur. Vyvijené
aparatury v poslednich né&kolika letech
posunuly soucasné moznosti odhalovéni
poruch toku sypkych hmot, ale vychazeji
z koncepce obdobnych zafizeni vyvijenych
v 60. a 70. letech 20. stoleti (FT3 Powder
Rheometer-viz. Vrtulova zkouska [8],
apod.).

Prvni vlaStovkou pfindsejici pokrok
vtéto oblasti byla studie modelu
umoznujiciho snimat trojosé napéti ve
skladovacich systémech (viz. obr. 1) a
zaznamenavat nejaktualn€jsi déj v sypkeé
hmoté v libovolném misté¢ skladovaciho
systtmu. Poprvé tento model byl
predstaven v Gainesville, SSIW 2003,
University of Florida, USA.
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For this purpose a 3Dimensional
indicator for bulk solids (fig. 6, [8-9]) has
been designed and constructed for
allowing the actual stress in critical areas
where the failures tend to occur to be
detected. The change in stress (pressure),
rather an increase in it, is the indication
that a failure has occurred. Earlier
indicators were based on the presumption
that pressure and its fluctuations were
transmitted to the wall of the container and
for this reason they were located directly
on the container (silo) wall itself.
Unfortunately, this measurement often
didn’t reflect the real situation or the actual
status due to the poor transmission of the
signal from the source of the problematic
material. The 3D indicator (fig. 3 and 5),
including a methodology for identifying
pressures using the SW developed for it, is
able to completely solve these problems
and, moreover, register all sudden

occurrences that take place directly within
the bulk solid.

2. THE CONSTRUCTION AND
DEVELOPMENT OF A 3DIMEN-
SIONAL DEVICE FOR OBSERV-
ING THE STATE OF STRESS

Current development in devices used

for measuring the state of stress in bulk
solids has stagnated and brought with it no
major new innovations in the field for
developing entirely new  measuring
equipment. The equipment developed in
the past few years has moved the
opportunities for discovering flow failures
in bulk solids forward, but they are based
on concepts from similar equipment
developed in the 1960s and 1970s (FT3
Powder Rheometer-see Propeller test [8],
etc.).
The first sign of progress in this field was a
study of a model allowing triaxial stress to
be observed in storage systems (see fig. 1)
and the most current status in the bulk
solid to be recorded in random locations in
the storage system. This model was first
set up in Gainesville, SSIW 2003, at the
University of Florida, USA.
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Tento ,,ryze teoreticky” model je schopny
snimat vSech 18  vyskytujicich se
smykovych a normalnich napéti na
elementu sypké hmoty pomoci snimaci
ukotvenych na konstrukci (viz. obr. ¢. 1) a
posléze na plochu krychle piedstavujici
nosnou zakladovou konstrukci zafizeni.
2.1 3DIMENZIALNI (TROJOSOVY)
MODEL MERICi APARATURY
VYVIJENY V LABORATORI
SYPKYCH HMOT V RAMCI
POST.-DOC. GRANTU
101/03/D039

Koncepce modelu z obr. ¢.1 bohuzel
nebyla dokonena a to pfevazné z divodua
praktické nemozZnosti snimani vSech 18
riznych  (sdruzenych) smykovych a
normalovych napéti a nasledné jejich
komplikovaného vyhodnocovani.

This “purely theoretical” model is able to
observe all 18 shear and normal stresses
occurring on the element of the bulk solid
using indicators embedded in the structure
(see fig. 1) and afterwards on the surface of
the cube representing the load-bearing
basic structure of the entire equipment.

2.1 A 3DIMENSIONAL (TRIAXIAL)
MEASURING APPARATUS
DEVELOPED AT THE
LABORATORY FOR BULK
SOLIDS WITHIN THE
FRAMEWORK OF POST.-DOC.
GRANT 101/03/D039

The design of the model from fig. 1,
unfortunately, =~ was not completed
principally due to the practically
impossible ability to detect all 18 various
(combined) shear and normal stresses and
their subsequent intricate interpretation.

Obr. 1 Model plné popisujici napétovy stav vsech normalovych a smykovych napéti
pusobici na element sypké hmoty. Zdroj: SSIW, University of Florida, Gainesville
Fig.1. Model fully describing the state of stress of all normal and shear stresses acting on the
element of the bulk solid. Source: SSIW, the University of Florida, Gainesville

Toto vlastné byla vyzva k navrzeni zcela
koncepéné nového a odlisSného modelu
schopného snimat pouze hlavni napétovy
stav v podobé hlavnich normalovych
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This proved to be the call for designing an
entirely newly conceived and different
model able to observe only the main state
of stress in the form of main normal
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napéti (o), 02, 03) a nasledné¢ odvozeni
smykovych napéti a zobrazeni napét'ového
stavu  snimané¢  sypké hmoty ve
skladovacim zafizeni vcetné teoretické

analyzy napétového stavu. Také bylo
piihlédnuto k ekonomickym hlediskim a
vybrano  pouze nezbytné  mnozstvi
soucastek  potfebnych  knavrzeni a
sestaveni modelu 1 sohledem k
minimalnimu mnozstvi navrzenych
snimacu.

Jiz pti samotné uvaze konstrukéniho
modelu byla vzata v potaz nutnost pevného
zékladu pro samotné snimace s cilem
maximalné¢  snizit deformaéni vlivy
samotné nosné konstrukce zakladu meéfici
aparatury ponofené do sypké hmoty
skladovaciho systému. Za timto ucelem byl
navrzen nosny zaklad krychlového tvaru
(obr. ¢. 2).

stresses (05, Oy 03) and subsequently
deriving the shear stresses and picturing
the state of stress of the bulk solid being
observed in the storage equipment,
including a theoretical analysis of the state
of stress. Economical factors were also
taken into account and only those
components necessary for designing and
setting up the model were selected, even
with regard to using the minimum amount
of detectors.

When considering the structure of the
model by itself, the need for a hard base
was taken into account for individual
detectors with the goal of decreasing
deformation effects as much as possible for
the individual load-bearing structure of the
base for the measuring apparatus

embedded in the bulk solid of the storage
system. For this purpose a load-bearing
base for the cubed shape was designed

(fig.2).
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Obr. 2 Pocitacovy navrh modelu krychlového tvaru (vlevo) a obeny tvar krychle (vpravo)

Fig.2. Computerized design of a model of a cube (left) and the produced shape of the cube (right)

Zéklad krychlového tvaru (obr. €.2) byl
opatfen osazenim za uUcCelem vsazeni Ctyf
deformacnich ¢el (obr. ¢.3 vpravo, obr. ¢.5)
pomoci valcovych Sroubti. Deformaéni
Cela byla navrzena kruhového tvaru za
ucelem zachyceni deformaci vose x, y a
za nasledné kontrole deformace v ose y
(celkem tedy 4 cela). Pravé tento tvar
spliiuje kritérium symetralni deformace a
napétového radialniho a tangencialniho
namahani pfi presném umisténi detektort
deformace (tenzometrli) uprostied vnitini
strany deformac¢niho cela.
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The base of the cube (fig. 2) was
equipped with an attachment for the
purpose of embedding four deformation
faces (fig. 3 right, fig. 5) using cylindrical
screws. The deformation face was
designed in a circular shape in order to
capture deformation on the axes of x, y and
z and afterward check the deformation on
the y axis (a total of 4 faces). This shape
meets the right criteria for symmetrical
deformation and the radial and tangential
voltage stress for locating the deformation
detectors (tensometric sensors) precisely in
the middle of the internal wall of the
deformation face.
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Obr. 3 Pocitacovy navrh modelu vsazeni deformacniho prvku s detektory deformace (vlevo)
a vyrobeny deformacni prvek véetné umisténi detektoru (vpravo). Zdroj: [8]
Fig.3. A computerized model of an embedded deformation component with deformation
detector (left) and the manufactured deformation component, including the location of

the detector (right). Source: [8]

Obr. 4 Pocitacovy navrh sestavy modelu se snimaci a uchyceni (vlevo)
a smontovany 3D snimac (vpravo). Zdroj: [8]

Fig.4. Computerized design of the model setup with indicators and attachment (left)
and mounted 3D indicator (right). Source: [8]

Uvedena  deformacni cCela byla
vyrobena z nerezového materialu s primeési
zuSlechtujicich prvkt (fosfor, apod.)
zajistujicich  pruznou deformaci bez
creepovych efekti az do meze umérnosti
deforma¢niho materialu ¢ela (obr. ¢.3 — 5).

Vnitini  otvor  nosného  zakladu
krychlového tvaru (obr. ¢. 2) zpusobeny
vyfrézovanim otvorti pro deformaci cel byl
vyuzit pro umisténi konstrukce snimacich a
zesilovacich prvkl deformacnich detektort
véetné piivodu zdroje jejich napdjeni a
signali deformacnich napéti pfes nosnou
ukotvujici konstrukei.

The deformation faces were made out
of a stainless material with an alloy of
refined components (phosphorus, etc.) in
order to ensure elastic deformation without
creeping effects all the way up to the limits
of the proportions of the deformation
material of the face (fig. 3 - 5).

The internal orifice of the load-bearing
base of the cubed shape (fig. 2) milled out
with other orifices for the deformation
faces was used for locating the structure of
the detectors and amplification
components of the deformation detectors,
including transmitting their supply and the
signals of the deformation stress via the
embedded load-bearing structure.
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Obr. 5 Nosny zaklad krychlového tvaru se ctyFmi deformacnimi cely opatrenymi detektory
deformace (tenzometry) zapojenymi do plného mistku. Zdroj: [8]
Fig.5. The load-bearing base of the cube with four deformation faces furnished with
deformation detectors (tensometric sensors) connected to the full bridge. Source: [8]

3. ZAVER

Navrzeny 3D snimac (obr. €. 6) vCetné
metodiky identifikace tlaki sypké hmoty
pomoci vhodného SW dokaze fesit tokové
problémy vyskytujici se ve skladovacim
zafizeni v celé jeho §ifi a navic dokaze
zaregistrovat  veSkeré¢ okamzité jevy
vyskytujici se pfimo ve sledovaném misté
sypké hmoty.

3. CONCLUSION

The designed 3D indicator (Fig. 6),
including the methods for identifying the
pressure of bulk solids wusing the
appropriate SW, is able to solve flow
problems that occur within the entire scope
of the storage equipment and, what’s more,
it can register all immediate occurrences
directly in the space of the bulk solid being
monitored.

Obr. 6 Sestava 3Dimenziondlniho snimace pro sledovani vlastnosti sypkych hmot. Zdroj: [8]
Fig.6. The 3Dimensional detector assembling for bulk solid observations. Source: [§]
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Nezanedbatelna Gcast doktorandu,
ktefi byli vtazeni do celého problému
feSeni zafizeni od samotné myslenky az po
realizaci vedla k vytvofeni praceschopného
tymu vykonnych lidi, ktefi z vlastni vile
méli ochotu se podilet na vyvoji celého
zafizeni, navrhovat a zlepSovat feSeni
zatizeni. Budoucnost celého vyvojaiského
tymu bude zaviset na podpore dalSich
vyzkumnych kol v ramci Czech Science
Foundation a jinych védeckych nadaci. Jiz
dnes se jevi realna Sance pro doktorandy
pracovat vramci projektd CIPT-Centra
informacnich  pokrocilych  technologii
zalozenych pii VSB-TU Ostrava.

The significant contribution of the
doctoral candidates who were engaged in
finding a solution for the equipment from
its earliest conception until it was carried
out led to the creation of an adept team of
capable people who were willing to
participate in the development of the
equipment as a whole, and to design and
improve the solution for the equipment.
The future of this entire team of developers
depends on the support of further research
assignments within the scope of the Czech
Science Foundation and other scientific
foundations. Today there is a real chance
for doctoral candidates to work within the
scope of projects from CIPT — the Center
for Information on Advanced Technologies
— founded at VSB-TU of Ostrava.
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