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ANALYZA PRACOVNEHO PROSTREDIA
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SUBJECTIVE MULTICRITERIAL ANALYSIS OF
WORK ENVIRONMENT OF TURNING WORKPLACE

Richard Hnilica, Miroslav Dado
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ABSTRACT: Paper focuses to use multicriterial analysis in the assessment of risk factors in the
work environment. A complex assessment of the work environment we have made with quantitative
method of the pairwise comparison of criterions using the software package MCA7. Input data for
analysis were got for accomplishment the order of significance of risk factors in a selected group of
people. Through the use of multicriterial analysis with the use of Fuller‘s methods was calculated
final weight of individual risk factors. Based on results we consider the individual risk factors at the
work environment, and according to selected request we determined the order of their importance.

Key words: work environment, risk, multicriterial analysis, Fuller method, subjective assessment

ABSTRAKT: Prispevok sa venuje vyuzitiu multikriteridlnej analyzy pri hodnoteni rizikovych fak-
torov v pracovnom prostredi. Komplexné hodnotenie pracovného prostredia sme vykonali pomocou
metody kvantitativneho parového porovnania kritérii s vyuzitim softvérového balika MCA7. Vstup-
né data pre analyzu boli ziskané na zaklade vyplnenia poradia vyznamnosti rizikovych faktorov
vybranymi skupinami I'udi. Pomocou multikriteridlnej analyzy pri vyuziti Fullerovej metody boli
vypocitané vysledné vahy jednotlivych rizikovych faktorov. Na zaklade takto ziskanych vysledkov
sme posudili jednotlivé rizikové faktory v danom pracovnom prostredi, a podl'a zvolenych kritérii
sme urcili poradie ich vyznamnosti.

KPicové slova: pracovné prostredie, riziko, multikriterialna analyza, Fullerova metoda, subjektivne
hodnotenie

UvVoD

Pre zabezpecenie maximalneho vykonu ¢loveka vo vyrobnom procese, je potrebné za-
bezpecit’ a vytvorit’ ¢o najvhodnejsie pracovné prostredie. Uroven pracovného prostredia
je stanovena najmaé stavebnym, objemovym a dispozi¢nym rieSenim objektov a pracovisk,
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fyzikalnymi faktormi a napokon bezpecnostnou uroviiou technoldgii, strojov a zariadeni,
pouzitym druhom materialov a latok.

V zasade existuju dva zakladné pristupy pri hodnoteni rizikovych faktorov pracovného
prostredia: parcialny a komplexny (Sablik 1990; Lumnitzer a Romanova 2004; Lumni-
tzer et al. 2015; Hnilica 2011; Hnilica et al. 2013; Pinosova et al. 2014, Hricova et al.
2015, Andrejiova et al. 2012). Z uvedenych pristupov hodnotenia v suc¢asnej dobe hlavne
prevlada parcidlny pristup, v ktorom sa Gc¢inok kazdého pdsobiaceho rizikového faktora
na organizmus ¢loveka hodnoti individudlne. Samotné hodnotenie moze byt na zaklade
objektivizacie (merania) faktorov alebo na zéklade zistovania subjektivnej odozvy Clo-
veka. Komplexné hodnotenie patri k neprebadanym oblastiam posudzovania pracovného
prostredia u nas ako aj vo svete. Vo vSeobecnosti mézeme povedat’, Ze jednotlivé rizikové
faktory pracovného prostredia moézu vyznamne ovplyvnit 'udské spravanie. Stanovenie
vyslednych hodnét rizikovych faktorov pracovného prostredia sa uréi vypoctom, meranim
resp. odbornym odhadom.

Hodnotenie sti¢asného pdsobenia viacerych faktorov sa da pri sti€asnej urovni pozna-
nia realizovat’ iba niekol’kymi spdsobmi, konkrétne podl'a Lumnitzera a Goga Bodnarovej
(2014) posudzované hodnoty faktorov pracovného prostredia mozno urcit’ vypoctom, po-
rovnanim, meranim alebo v niektorych pripadoch kvalifikovanym odhadom.

Spokojnost’ zamestnanca suvisi v pracovnom prostredi do znac¢nej miery od velkos-
ti pracovného zatazenia, s ¢im je spojeny pracovny komfort ¢loveka. Cize ako uz bolo
vyssie spomenuté, pri posudzovani pracovného zatazenia ¢loveka, je vhodné zohl'adnit’
vzajomné spolupdsobenie vSetkych pdsobiacich rizikovych faktorov pracovného procesu
a nie len ich samostatné vyhodnotenie. (Hnilica 2015)

MATERIAL A METODY

Pri rieseni predlozenej problematiky sme postupovali podl'a zvolenej metodiky prace,
ktora pozostavala z nasledujucich ¢iastkovych ciel'ov, konkrétne:
= uréenia vybranych rizikovych faktorov,
= vyberu prislusnych skupin odbornikov,
= stanovenia poradia rizikovych faktorov kazdou skupinou odbornikov,
= urcenia vyslednej vahy jednotlivych rizikovych faktorov,
= stanovenia poradia vyznamnosti jednotlivych rizikovych faktorov.

Najcastejsie rizikové faktory pri praci v sustruznickej dielni su: hluk, vibracie, pras-
nost, fyzicka zataz, psychicka zataz, mikroklima, osvetlenie, biologické faktory, faktor
BOZP, aerosoly a ergondmia.

Skupinu odbornikov tvorili bezpecnostni technici, zdravotna pracovna sluzba, pracov-
nici v danom obore — stistruznici, majstri a timlidri zo strojarskej firmy, lekari a zdravotni-
ci a Studenti technicky zameranych vysokych §kol. Kazdt skupinu tvorilo péat’ odbornikov.

Odbornikom sa predlozili k posudeniu jednotlivé kritéria pricom vysledkom bude st-
bor vektorov vah od roznych osob, ktoré je mozné Statisticky d’alej spracovat’ a ziskat tak
jediny vektor vah, ktory sa da pouzit’ ako vstup pre program MCA7. V tabulke 1 st uve-
dené vybrané vektory vah rizikovych faktorov, ktoré stanovili jednotlivé osoby prislusnej
skupiny.
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Tabul'ka 1. Vybrané poradia vyznamnosti rizikovych faktorov
Table 1. Selected order of significance of risk factors

) BT | | s | Mam | Lazt | &

KRITERIA’ : L —
poradie od 1 — 11 (od najviac po najmenej rizikové)®

K, hluk® 5 3 1 2 3 3
K, vibracie'’ 6 7 6 6 4 5
K, prasnost™ 7 6 3 9 10 4
K, fyzicka zataz' 3 11 4 8 2 2
K, psychicka zataz'? 1 1 2 7 1 7
K, mikroklima'* 11 8 8 10 9 10
K, osvetlenie'® 8 10 7 3 5 6
K, biologické faktory'® 9 10 4 8 8
K, faktor BOZP" 2 2 5 1 11 1
K,, aerosoly'® 10 4 11 11 7 9
K,, ergonémia' 9 5 9 5 6 11

D bezpecnostny technik — safety engineer, 2 zdravotna pracovna sluzba — health work service, ¥ sustruznik
— lathe operator, ¥ majster a timlider — foreman and team leader, * lekar a zdravotnik — doctor and medic,
© Student - student, ” criteria, ® sequence of 1 — 11 (from the most to the least risk), ? noise, ' vibration, '
dustiness, '? physical load, '¥ mental stress, '¥ microclimate, ' lighting, ' biological factors, !” factor OHS,
' aerosols, ! ergonomics

Kone¢né urcenie vyslednych vah a stanovenie poradia sme spracovali pomocou sof-
tvérového balika MCA7 (Multicriterion Analysis), ktory pracuje na principe metod paro-
vého porovnavania. Pre nase hodnotenie sme vyuzili metodu Fullerov trojuholnik.

Vyhodou tejto metoédy je jednoduchost’ vyzadovanej informacie od rozhodovatela.
Po vykonani procesu porovnavania sa pri kazdom faktore zisti pocet pripadov, v ktorych
sa hodnotil dany faktor ako dolezitej$i. Ak nebolo mozné jednoznaéné rozhodnutie, obi-
dvom faktorom sa priradi pocetnost’ 0,5. Sti¢et pocetnosti vSetkych faktorov sa musi rov-
nat’ poctu dvojic. Zostavenim faktorov podl'a ich vyslednej pocetnosti v poradi od najvys-
Sej k najnizsej dostaneme poradie ich dolezitosti. (Korviny 2011)

V druhom kroku mozno faktory hierarchizovat’ pomocou metddy parového porov-
navania. Vo Fullerovom trojuholniku oznacujeme vzdy vyznamnejsi faktor z hodnotene;j
dvojice. V d’alSom, poslednom bode zostrojime tabul’ku hierarchizacie faktorov, kde uve-
dieme ¢islo a vahu faktorov. Podla vahy faktorov uréime ich poradie. (Lumnitzer et al.
2007)

VYSLEDKY

Zhodnotenie poradia (Obr. 1) na zaklade vypocitaného priemeru poradia ur¢eného pri-
slusnymi odbornikmi sme dospeli k zaverom, Ze:
e bezpecnostni technici a zdravotna pracovna sluzba povazovali za najviac rizikovy fak-
tor ,,faktor BOZP* a za najmenej rizikovy faktor bezpecnostni technici povazovali
,»aerosoly a zdravotna pracovna sluzba povazovala ,,fyzicka zataz*,
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e majstri a timlidri za najviac rizikovy faktor povazovali ,,hluk* a za najmene;j rizikovy
faktor povazovali ,,aerosoly*,

e lekari a zdravotnici za najviac rizikovy faktor povazovali ,,vibracie* a za najmenej ri-
zikovy faktor povazovali ,,biologické faktory*,

e sustruznici za najviac rizikovy faktor povazovali ,,hluk a za najmene;j rizikovy pova-
zovali ,,biologické faktory*,

e Studenti za najviac rizikovy faktor povazovali ,,fyzick( zataz* a za najmenej rizikovy
faktor povazovali ,,mikroklimu*.

Bezpetnostni technici [BT]) Zdravotna pracovna sluzba [ZPS]?
1n
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Obr. 1. Poradia vyznamnosti rizikovych faktorov
Fig. 1. Order of significance of risk factors
! safety engineer [BT], ? order of significance, * health work service [ZPS], # foreman and team leader
[MaT], 5 doctor and medic [LaZ], © lathe operator [S],” student [S], K1— noise, K2 — vibrations,
K3 — dustiness, K4 — physical load, K5 — mental stress, K6 — microclimate, K7 — lighting,
K8 — biological factors, K9 — factor OHS, K10 — aerosols, K11 — ergonomics

Poradia vyznamnosti rizikovych faktorov (varianty navrhov) na zaklade vypracova-
nych poradi 31 prislusnymi odbornikmi nam ciastocne ukazuju vysledky medianu jed-
notlivych variantov navrhov. Hodnota medianu pre jednotlivé rizikové faktory st: hluk
(14,44), vibracie (9,09), prasnost’ (10,87), fyzicka zataz (9,09), psychicka zataz (12,66),
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mikroklima (5,53), osvetlenie (7,31), biologické faktory (3,74), faktor BOZP (12,66), ae-
rosoly (7,31) a ergonomia (9,09).

Najvyssia hodnota vypocitaného medianu bola pri hluku (14,44) a najnizsia pri biolo-
gickych faktoroch (3,74). Median alebo prostredna hodnota (znaku) alebo centralna hod-
nota (znaku) je hodnota, ktord rozdel'uje postupnost’ podl'a velkosti zoradenych vysled-
kov na dve rovnako pocetné polovice.

Vypoctom vah kritérii programom MC7 sme zistili, ze najviac rizikovym faktorom je
faktor ,,hluk* s hodnotou 0,1520 a najmenej rizikovym faktorom su ,,biologické faktory*
s vyslednou hodnotou 0,0424 (Tab. 2).

Tabul’ka 2. Vysledné vahy kritérii (rizikovych faktorov)
Table 2. The results weight of criteria (risk factors)

Pocet kritérii" 11 | Aplikovand podmienka pre nenulové vahy kritérii pri prevode z poradia
Potet variant néavrhov? 31 | na percentd Fullerovou metédou.

Poradie/Percentd” = 1/0 1 Sucet vyslednych vah kritérii je rovny 100%, resp. 1.9

Kritéria® K K K K K K K K K K K

J
o
Y
o
o
J
o
<
>

Viahy ur¢ené z poradia®

0,1520
0,0926
0,0979
0,0903
0,1043
0,0536
0,0821
0,0424
0,1281
0,0810
0,0757

D number of criteria, ? number of proposition alternatives, > order/percent, # criteria, > determine weight
for order, © Applied condition for the non—zero weight of the criteria for the transfer of the order to a per-
centage Fuller method. The sum of final weights of the criteria is equal to 100%, resp. 1, K1- noise, K2
— vibrations, K3 — dustiness, K4 — physical load, K5 — mental stress, K6 — microclimate, K7 — lighting,
K8 — biological factors, K9 — factor OHS, K10 — aerosols, K11 — ergonomics

Grafické znazornenie vah kritérii je znazornené na obrazku 2. Z obrazka 2 je mozné
vidiet’ vysledné poradie rizikovosti jednotlivych faktorov pdsobiacich na ¢loveka v sus-
truznickej dielni.

0,16 - 0.152
0,14
0,12

0,1
0,08
0,06
0,04

0,1281

0,081 0757

T T T 1

K1 K2 K3 K4 K5 K6 K7 K8 K9 K10 K11

Viahy kritérii"

0,02
0

Obr. 2. Hodnoty vah rizikovych faktorov
Fig. 2 The values of weights of risk factors
Dweight of criteria, K1— noise, K2 — vibrations, K3 — dustiness, K4 — physical load, K5 — mental stress,
K6 — microclimate, K7 — lighting, K8 — biological factors, K9 — factor OHS, K10 — aerosols,
K11 — ergonomics
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DISKUSIA A ZAVER

Organizacie sa v sucasnej dobe nemdzu spolichat’ na fakt, ze ich produkty dosiah-
nu udrzatel'ny uspech a budu konkurencieschopné bez podpory vsetkych organiza¢nych
sucasti. Na vyrobu v sti€asnosti vplyva nespocetné mnozstvo faktorov, ktoré¢ ovplyviu-
ju kvalitu vyrobného procesu, a tym samotného vysledného produktu. Pre zabezpecenie
tychto podmienok je ddlezité vytvorit’ vhodné pracovné prostredie, ako kombinacie I'ud-
skych a fyzikalnych faktorov. Vhodné pracovné prostredie podporuje produktivitu, kreati-
vitu a celkovli pohodu l'udi pri praci. Pracovné prostredie a jeho kvalita musi byt v stilade
s aplikovate'nymi poziadavkami zakonov a predpisov, z dovodu zohl'adnenia poziadaviek
noriem.

Vyuzitim multikriteralnej analyzy prostrednictvom Fullerovej metddy, sme dosiahli
vysledky vah jednotlivych rizikovych faktorov pdsobiacich na ¢loveka v sustruznickej
dielni. Vybrané hlavné kritéria boli v pocte 11, pricom varianty navrhov v pocte 31. Vy-
chadzajuc z tychto vysledkov sme sa snazili d’alej ich porovnat’ s uz existujucou mul-
tikriteridlnou analyzou spracovanou autormi (Oslancova 2013; Hnilica 2015), ktory tento
vypocet realizovali pouzitim Saatyho metddy vypoctu vah kritérii (Obr. 3).

S 028
o
X o2
& 0,2
'8 ! ® Fullerova
~g 0,16 metdda
@]
=< 0,12 + T M Saatyho
8 008 metéda
£
g 0,04 -
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Obr. 3. Porovnanie vysledkov Fullerovej a Saatyho metody
Fig. 3. Comparison of the results of Fuller and Saaty method
D weight of risk factor, K1-noise, K2 — vibrations, K3 — dustiness, K4 — physical load, K5 — mental
stress, K6 — microclimate, K7 — lighting, K8 — biological factors, K9 — factor OHS, K10 — aerosols,
K11 — ergonomics

Porovnanim vysledkov obidvoch metod multikriterialnej analyzy a to Fullerovej a Sa-
atyho metody, sme zistili ze pri Fullerovej analyze bol povazovany za najviac riziko-
vy a s najvacsou vyznamnost'ou faktor hluk (0,1520) a druhy v poradi bol faktor BOZP
(0,1281). Pri vysledkoch realizovanych pomocou Saatyho metddy, bol z najvacsou vy-
znamnost'ou povazovany faktor aerosély (0,254) a druhy v poradi faktor BOZP (0,159).
Vo vysledkoch nasej analyzy, bol za najmenej vyznamny a rizikovy faktor uréeny bio-
logicky faktor (0,0424), na rozdiel od vysledkov Saatyho metddy, kde bol za najmenej
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rizikovy urceny faktor prasnost’ (0,015). Hodnota hluku bola pri obidvoch metdédach skoro
rovnaka pri Fullerovej metdde bola hodnota 0,152 a pri Saatyho metode 0,154. Najvacsi
rozdiel medzi hodnotami jednotlivych metdd je pri faktore acrosoly a to konkrétne pri
Fullerovej metddy je hodnota mensia o 0,173.

Uvedené rozdiely vo vysledkoch mézeme pripisat’ subjektivite nazorov jednotlivych
posudzovatel'ov. Zaroven si vS§ak musime z danych vysledkov uvedomit’ délezitost’ prvot-
ného informovania hodnotitel'ov, ako maju pristupovat’ k hodnoteniu a tiez opisat’ presnti
pracovnu ¢innost’. Nepresnost’ v instrukcidch si moézeme ukazat' na rizikovom faktore
aerosoly, kde pri jednom hodnoteni vysiel ako najvyznamnejsi a pri druhom naopak bol
jednym z najmenej vyznamnych. Uvedeny fakt sme si pri konecnom zhodnoteni uvedomi-
li z dévodu sprostredkovanych informacii pri vypliiani hodnotiacich formularov. Tomuto
je nutné sa v budticnosti vyvarovat’.

Na zaver mozeme poznamenat, ze predlozeny prispevok je prinosom pre zamestna-
vatel'ov a majitelov firiem so zameranim na kovoobrabanie. Vysledky mozu sluzit' ako
vstupné informacie pre zlepSenie pracovného prostredia zamestnancov v sustruznickych
dielnach z dévodu rozanalyzovania vyznamnosti jednotlivych rizikovych faktorov poso-
biacich na ¢loveka.
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ABSTRACT: An important role in manage the forest fires in difficult terrain is mobile fire equi-
pment. In this time in such conditions is lack of representation techniques which meets its design
technical and fire protection requirements to ensure sufficient fire-fighting of forest fires. For that
reason we have focused on a technique that has widest representation in the Fire and Rescue Service
of the Slovak Republic. The Fire and Rescue Service of the Slovak Republic as easy to use off-road
vehicles Nissan Navara and Land Rover Defender. The result is the design and construction of the
fire bodywork for those vehicles, thereby widening their usefulness for fire-fighting forest fires.

Key words: mobile fire equipment, off-roader, fire bodywork, difficult terrain, forest fires

ABSTRAKT: Ddlezita Glohu pri zdolavani lesnych poziarov v nepristupnom teréne zohrava mo-
bilna hasi¢ska technika, tzv. lesné Specialy. V sucasnej dobe je v takychto podmienkach nedostatoc-
né zastpenie techniky, ktora by spifiala svojim prevedenim lesotechnické a protipoZiarne poZia-
davky na zabezpecenie dostato¢ného hasenia uvedenych poziarov. Z tohto dovodu sme sa zamerali
chrannom zbore SR sa ako I'ahké terénne automobily vyuZivaji hlavne Nissan Navara a Land Rover
Defender. Vysledkom je nasledne navrh hasi¢skych nadstavieb pre uvedené automobily, ¢im sa
rozsiri ich vyuzitel'nost’ aj na hasenie lesnych poziarov.

Krucové slova: mobilna hasi¢ska technika, terénny automobil, hasi¢skd nadstavba, nepristupny
terén, lesné poZiare
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UVOD

Charakteristika poziaru je definovana v legislative SR, Zakonom ¢. 314/2001 Z. z.
o ochrane pred poziarmi a Vyhlaskou MV SR €. 121/2002 Z. z. o poziarnej prevencii
v aktualnom zneni od 01.09.20015. Podl’a citovanej legislativy sa za poziar povazuje kaz-
dé neziaduce horenie, pri ktorom vznikaji Skody na majetku, zivotnom prostredi, alebo
ktorého nasledkom je usmrtena alebo zranena fyzicka osoba alebo uhynuté zviera. Poziar
je tieZ neziaduce horenie, pri ktorom st ohrozené zivoty alebo zdravie fyzickych osob,
zvieratd, majetok alebo Zivotné prostredie.

Slovenska republika sa rozprestiera na ploche 49 035 km?. Zarad’uje sa medzi eurdpske
krajiny s najvyssou lesnatost'ou. Vymera lesnych pozemkov v Slovenskej republike podla
lesného hospodarstva v roku 2014 bola 2 014 259 ha, z toho porastovej pody 1 941 992
ha, Cize lesnatost’ dosiahla 41%. V lesoch Slovenska prevladaju z hl'adiska drevinove;j
skladby dreviny listnaté 61,85 %, dreviny ihli¢naté tvoria 38,15 %. Najvacsie zastupenie
ma buk (33 %), smrek (23,7 %), dub (10,6 %) a borovica (6,8 %). (Zelena sprava 2015)

Z aspektu ochrany lesa lesny poziar predstavuje najdrastickejsi sposob nic¢enia lesov.
Ma obrovsky dopad na cely lesny ekosystém, predovsetkym rastliny a zivo€ichy tu zijuce.
Z technického hladiska ide o nahlu, ¢iasto¢ne alebo Gplne neovladanti ¢asovo a priesto-
rovo ohrani¢entt mimoriadnu udalost’, ktora ma nepriaznivy dopad na vSetky spolocenské
funkcie lesa (produkéné i mimoprodukéné). Je to komplex fyzikalno-chemickych javov,
ktorych zakladom st nestaciondrne procesy (meniace sa v priestore a ¢ase) horenia, vyme-
ny plynov a prenosu tepla. (Hlava¢ a Chromek 2015)

Vo vSeobecnosti mézeme konstatovat’, ze pri¢inou vzniku lesného poziaru st predo-
vSetkym prirodné podmienky a samotny ¢lovek. V eurdpskych $tatoch sa 'udsky faktor
podiela na vzniku poziarov od 80 — 98 %. Tieto najcastejSie vznikaju z nedbanlivosti,
nedodrziavania protipoziarnych opatreni, ¢i podceneni poziarneho nebezpecenstva pri po-
uzivani otvoreného ohna — vypalovanie travy, palenie haluziny, kladenia ohna, fajéenie
a hra deti so zapalkami.

Vychadzajuc zo $tatistiky (Statisticka ro¢enka 2013), v siiéasnej dobe nedoglo k vy-
raznému poklesu rizika vzniku lesnych poziarov, ¢o je spdsobené hlavne tymito faktormi:
— narastom lesnych ploch postihnutych kalamitou spésobenou podkérnym hmyzom,

ktora presahuje dosledky vetrovej kalamity z roku 2004,

— podcenenim faktorov zistenych v obdobi do roku 2007,

— nedostatkom finanénych prostriedkov pre dosledny monitoring (letecky, pozemny),
zamerany na véasné zistenie lesnych poziarov v pociato¢nom $tadiu ich vzniku,

— nevybudovanie dostato¢ne hustej lesnej dopravne;j siete v rizikovych lokalitach z r6z-
nych dévodov,

— stalym nedostatkom pozemnej hasiacej techniky, uréenej na lokalizaciu a likvidaciu
lesnych poziarov v nedostupnych horskych terénoch Slovenska.

Na zéklade uvedenych vysledkov mézeme konstatovat’, ze hlavne posledné tri faktory
maju zasadny vplyv na rozsah lesného poziaru, ktory sa odvija od neskorého zistenia vzni-
ku lesného poziaru a problému dostupnosti terénu pre zasah hasic¢skych jednotiek.

Treba si uvedomit’, ze lesné poziare na Slovensku sa Casto vyskytuju na lokalitach
nepristupnych pre hasi¢ska techniku, s nedostato¢nymi resp. nevhodnymi zdrojmi vody
pre hasenie. Uvedené skuto¢nosti vychadzaju zo Statisticky spracovanych tidajov poziarov
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v $tatnych lesoch SR za poslednych 10 rokov. Vysledky st prezentované na obrazku 1
a v tabulke 1.

Tabul’ka 1. Poziare v $tatnych lesoch SR v rokoch 2005 az 2015
Table 1. Fires in state forests SR in the years 2005 to 2015

lesné poziare (2005 — 2015)?

sklon terénu!

pocet® | Cas poziaru (h)* | zasiahnutd plocha (ha)® | Skoda na poraste (Eur)®

do’ 20 (%) 271 1572 221,134 470 941

nad # 20 (%) 311 5764 439,822 2423294
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Obr. 1. Poziare v §tatnych lesoch SR v rokoch 2005 az 2015
Fig. 1. Fires in state forests SR in the years 2005 to 2015
D the number of fires, ? affected area, ¥ into, ¥ over

K zékladnym podmienkam uspesnej lokalizacie a likvidacie poziaru patri nepretrzita
dodévka hasiacej latky. Bez tejto podmienky sa nezaobide ani hasenie jednych z najzlo-
zitejSich poziarov, ku ktorym patria lesné poziare. Lesny poziar v sebe skryva vela ne-
znamych veli¢in. Spravne definovanie tychto veli¢in je na samotnom velitelovi zasahu.
Jednou takouto veli¢inou su vodné zdroje a doprava vody na hasenie lesného poziaru.
Z uvedeného vyplyva nutnost’ hl'adania moznosti zabezpecenia vody a jej dopravy v na-
ro¢nych podmienkach lesnej prevadzky, za pomoci dostupnej techniky pri jej vhodnej
adaptacii na hasenie lesnych poziarov.

Hasi¢sky a zachranny zbor Slovenskej republiky (d’alej HaZZ SR) v sucasnej dobe
pouziva ako lesné Specialy automobily znacky Tatra 815-7, Mercedes Unimog a §tvor-
kolky resp. Sestkolky znacky Polaris Ranger. Pojem lesny $pecidl je definovany v Pokyne
prezidenta HaZZ SR ¢islo 37/2004.

Jednym z hlavnych prvkov hasi¢skych automobilov je nadrz na vodu. Nadrze byvaja
roéznych materialov (plast, kov, kompozit) od ¢oho zavisi aj jej hmotnost’. Z tohto dovodu
sa ndm javil ako najvhodnejsi material kompozit (sklolaminat).

Kompozity ako konstrukéné materidly nachadzaji uplatnenie nielen v letectve, ale aj
v inych priemyselnych odvetviach. K hlavnym vyhodam tychto materidlov patria nizSia
hmotnost’ a vysSia tuhost’ Struktiry. St vSak citlivé na poskodenie narazom, cudzim objek-
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tom i na nadmerné zatazenie. Z tohto dévodu im treba venovat’ zvysent pozornost, najma
z hladiska zivotnosti a spolahlivosti. (Dobakova a Kisely 2016)

Kompozitné materialy vznikaji kombinaciou uz existujiicich materidlov a vyuzitim
poznatkov fyzikalnej metalurgie. Skladaju sa z najmenej dvoch zloziek. Prva spojita zloz-
ka — matrica — sluzi ako spojivo, sekundarna nespojita zlozka (disperzné castice, vlakna
alebo vrstvy) maju speviujucu funkciu. Maju vyborné mechanické vlastnosti a preto sa
zacali aplikovat’ vo vSetkych priemyselnych odvetviach. Hlavnou nevyhodou kompozitov
je ich vysoka cena a naro¢na vyroba. (Kender 2013) Pre kompozity st vyrabané vlakna
sklené, uhlikové, polymérne, keramické a kovové (Macek 2003).

Kompozitné profily sa vyrabaju metddou pultrozneho t'azenia zo zivice a vystuze. Ako
matrice sa pri vyrobe najcastejSie pouziva polyesterova Zzivica, pre Specidlnu aplikaciu
sa pouzivaju zivice epoxidové, vinylesterove, fenolické a tiez polyuretan. Ako vystuz sa
najcastejsie vyuzivaju sklenené vlakna alebo v mensom mnozstve tiez uhlikové. Podla
pozadovanych vyslednych vlastnosti profilu sa mézu pouzit’ vlakna priame (tzv. rovingy),
rozne typy rohozi alebo tkanin, prip. ich vzajomna kombinacia.

Vyhody kompozitnych materialov spocivaju spravidla hlavne v ich hmotnosti. Pri po-
diele pevnosti a hustoty kompozit predbehne ocel’ mnohonasobne. Délezitou vlastnost'ou
kompozitov je anizotropia, tj. odliSné mechanické vlastnosti pre rézne smery zatazenia
(Kofinek 2016). Pre zlozitejSie zat'azenia sa pouzivaju kompozity zlozené z viacerych
vrstiev s roznou orientaciou vlakien alebo vystuzené tkaninou.

Kompozitné materialy sa vyraznejsie nedeformuju (ich hranica elasticity zodpoveda
medzi pevnosti). Maji vel'mi vysokil medzu tnavy a su stabilné a spolahlivé. Okrem
vynikajucich mechanickych a pevnostnych charakteristik maju kompozitné materialy ab-
solutnu odolnost’ proti korozii aj v agresivnom prostredi, vratane UV ziarenia a vyborné
tepelné izolacné vlastnosti (Kofinek 2016). Hlavnou nevyhodou kompozitnych materia-
lov je velakrat ich vysoka cena.

Cielom prace je navrh 'ahkych hasi¢skych nadstavieb na existujiicu mobilna tech-
niku pouzivanu v HaZZ SR, ¢im by sme chceli dosiahnut’ zvySenie zastipenia hasi¢ske;j
techniky pre hasenie lesnych poziarov v nepristupnych terénoch. Pri ndvrhoch budeme
vychadzat’ z predpokladu, ze zastupenie takejto techniky je nizke. Hlavne chyba technika,
ktora by bola schopna v zlozitych terénnych podmienkach lesa dopravit’ vodu v objemoch
400 — 10001. Jednou z podmienok je vyuzitie existujliicej mobilnej techniky HaZZ SR.

MATERIAL A METODY

HaZZ SR v dnesnej dobe disponuje 'ahkymi terénnymi osobnymi automobilmi, kto-
rych vybava nadstavby nie je postacujuca pre podmienky hasenia lesnych poziarov v ne-
pristupnych terénoch. Konkrétne sa jedna o automobily znaciek Nissan Navara a Land
Rover Defender 130 s loznou plochou. Nissan Navara je v poéte 45 kusov a Land Rover
Defender 130 v pocte 6 kusov. Tieto automobily maju vel'mi vynikajuce vyuzitie pri zasa-
hoch a mimoriadnych udalostiach r6znych typov, vd’aka vybornej priechodnosti naro¢nym
terénom. Lozna plocha, ktora je na tychto automobiloch, sa vyuziva na prevoz rézneho
materialu (vybavenie pre jazierkovy systém hasenia lesnych poziarov, horolezecky a spe-
leologicky material, material na zriadenie veliteI'ského Stabu, protipovodiiovy material)
na rozvoz stravy, priblizenie ranenych os6b k sanitnému vozidlu a taktiez na vyhl'adavanie
0s0b v naro¢nom teréne. (Hudac 2016)
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Navrhované nadstavby zvysia vyuzitel'nost’ uvedenych automobilov na hasenie les-
nych poziarov, monitorovanie poziariska a monitorovanie v case zvyseného nebezpecen-
stva vzniku poziarov.

Pri navrhu nadstavby sme vychadzali z predpokladu, Ze pri vyuziti uzitocnej nosnosti
terénnych osobnych automobilov pouzivanych v HaZZ SR a pddohospodarstve SR, je
mozné do nadstavby umiestnit’ 4001 hasiacej latky, vyuziteI'nej pre hasenie lesnych po-
ziarov. Potom pri vybere typu automobilu pre navrh nadstavby sme vychadzali z troch
zakladnych kritérii:
= dostupnost’ automobilov v ramci HaZZ SR, ale aj v sektore lesného hospodarstva,
= prejazdnost v strednom a tazkom teréne,
= rezerva v uzito¢nej nosnosti minimalne 800 kg pre potrebu splnenia ciel’a prace.
Zakladnou podmienkou pre navrh nadstavby je vyuzZitie rezervy uzitoénej hmotnosti s do-

razom na:
= tazisko vozidla, v zavislosti na zmene jazdnych vlastnosti,
= pevnostné charakteristiky pouzitych materialov pre jednotlivé ¢asti nadstavby,
= volba typu Cerpadla,
= vol'ba vecnych prostriedkov, zvySujucich G¢innost’ vyuzitel'nosti nadstavby pre hase-

nie lesnych poziarov a monitorovanie,
= navrh a nacrt rozmerov nadstavby, vzhl'adom na rozmery loznej plochy automobilov,
= navrh nadrze na vodu z minimalnym objemom vody 4001,
= navrh a nacrt vinolamov do nadrze nadstavby,
= pevnostnl a deformacntl analyzu nadrze nadstavby,
= navrh ochranného rdmu nadstavby,
= urcenie hmotnosti nadstavby.

VYSLEDKY

Navrhnuté hasi¢ské nadstavby su konstruované a prispdsobené parametrom zvolenych

automobilov, pricom budu umiestnené na loznej ploche tychto automobilov. Nadstavby
budt d’alej mobilné, ¢ize sa z loznej plochy automobilov budu dat’ demontovat’. Svojim
vybavenim navrhnuté zariadenie bude spliat’ potreby pre zasahy pri lesnych poziaroch
a monitorovani lesnych porastov. Navrhnutym konstrukénym rieSenim sme zabezpeci-
li podmienku neprekroGenia uZitoénej nosnosti vozidiel. Studiom a prieskumom sme sa
dopracovali k zaveru, Ze navrhnuté nadstavby budu mat’ nasledovné zakladné parametre:
e rovnaky konstrukény material nadrze,
rychlu montaz a demontaz na lozna plochu automobilu,
¢o najvacsi mozny objem vody, z hl'adiska nosnosti automobilu,
navrhnuty vlnolam, pre zachovanie jazdnych vlastnosti automobilu,
motorové ¢erpadlo.
Nadstavbu na automobil Nissan Navara sme navrhli iba v jednom vyhotoveni. Tato
nadstavba ma, ako vecny prostriedok pre hasenie lesnych poziarov, navrhnuty len prie-
tokovy navijak. Vecné prostriedky pre hasenie lesnych poziarov nie st zahrnuté vo vy-
bave nadstavby z hl'adiska neprekrocenia uzito¢nej nosnosti automobilu Nissan Navara.
Preprava nadstavby je urcend len na loznej ploche automobilu. Nadstavba na automobil
Nissan Navara teda pozostava z:
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nadrze na vodu,

motorového Cerpadla s vybavenim,
e prietokového navijaka.

Nadstavbu pre automobil Land Rover Defender 130 sme navrhli v dvoch variantoch
(variant A a B), z dovodu rozli¢ného vybavenia vecnymi prostriedkami. Preprava nadstav-
by je oproti predoslej nadstavbe rozsirena o prepravu v podvese vrtul'nika. Pre rozsirenie
prepravy nadstavby v podvese vrtul'nika, musi mat’ nadstavba navrhnuty ochranny ram,
ktory umozni tito moznost’ prepravy a zaroven ochrani nadrz nadstavby pred mechanic-
kym poskodenim pri preprave v podvese vrtul'nika. Nadstavba na automobil Land Rover
Defender 130 teda pozostava z:
variant A
e nadrze na vodu,

e ochranného rdmu nadstavby,
e motorového Cerpadla s vybavenim,
e boxu s vecnymi prostriedkami (hadice C, D; prudnice; rozdel'ovac; prechody typu

C — D, sekeromotyka).
variant B
e nadrze na vodu,

e ochranného rdmu nadstavby,
e motorového Cerpadla s vybavenim,
e prietokového navijaka.

Pre potreby nadstavby bolo potrebné zvolit’ zakladny material nadrze na vodu, ktora
by bola odolna voci pripadnym narazom a zaroven bola co najl'ahsia. Vychadzajtc z tych-
to potrieb a vzajomnych konzultaciach s vyrobcami roznych nadrzi sme pre nas pripad
vybrali kompozitné materidli. Kompozitné materiali st medzi Sirokou verejnostou zname
ako sklolaminatové (uhlikové) materiali, pricom profil m6ze mat’ rézne tvary. Konkrétne
pre nas pripad sa jedna o kompozitny material zlozenia Norpol 440-M750 (stredne reak-
tivna orthoftalova polyesterova prirodna zivica) s rohozou Vetrotex M4-450. Mechanické
vlastnosti vytvrdenej prirodnej Zivice s rohozou st uvedené v tabul’ke 2.

Tabul'ka 2. Mechanické vlastnosti kompozitu (PLASTIMA Topol'¢any s.r.o. 2016)
Table 2. The mechanical composite properties

Konstrukcia kompozitu" Cista prirodna Rohos® rohoz /
Vlastnosti® zivica® tkanina®
Obsah skla® [% hm] - 25-30 | 30-35 |35-40 | 45-50
Pevnost’ v tahu” [MPa] 50 75 95 120 200
E modul v tahu® [MPa] 4600 7700 8700 9500 14500
Protazeni® [%] 1,6 2,4 2,3 2,3 2,3
Pevnost’ v ohybe'® [MPa] 90 145 165 190 260
E modul v ohybe' [MPa] 4000 6700 7400 8200 10500
Razova huzevnatost? [mJ.mm>] 5,0-6,0 80 90 100 125
Objemové zmrstenie' [%)] 5,5-6,5 - - - -
Tvarova stalost’ za tepla'¥ [°C] 62 - - - -

! composite structure, ? properties, 3 pure resin, ¥ mat, ¥ mat / fabric, ® glass content, 7 tension
strength, ¥ E modulus in tension, ¥ extension, ¥ bending strength, 'V E modulus in bending, ' im-
pact strength, ' volumetric strain, '¥ heat-resisting property
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Hasic¢ska nadstavba pre automobil Nissan Navara
Pri navrhu nadstavby sme vychadzali z parametrov vozidla, priCom zakladné pod-
mienky pre konstrukény ndvrh tejto nadstavby na vodidlo Nissan Navara boli:
e o najvacsi mozny objem vody v nadstavbe,
e vybavenie nadstavby, potrebné pre hasenie lesnych poziarov, monitorovanie poziaris-
ka a lesnych porastov v ¢ase zvySen¢ho nebezpecenstva vzniku poziarov,
e rychla montaz a ukotvenie nadstavby na lozna plochu automobilu.
Po stanoveni podmienok pre konstrukény navrh nadstavby a vzhl'adom na nosnost
tohto vozidla, bola nadstavba navrhnuta nasledovne:
e objem vody cca 4001,
e vybavenie nadstavby (vysokotlakové motorové cerpadlo a prietokovy navijak),
e princip ukotvenia nadstavby na lozna plochu automobilu je podobny ako pri nadrziach
dodavanych k stvorkolkam,
e manipuldcia s nadrzou (prenasanie nadrze, zdvihanie nadrze) pomocou rukoviti.
Nadrz nadstavby je z materialu sklolaminat hribky 5 mm. Hasi¢ska nadstavba (Obr. 2)
bola navrhnutd na loznu plochu automobilu tak, Ze dno nadrze je umiestnené medzi blat-
nikmi, steny nadrze kopiruju blatniky, pokracuju okolo bo¢nej loznej plochy a su ukoncené
zaroven s vrchnou hranou boénic. Pritok vody do nadrze je rieSeny cez nasavaciu riru er-
padla. Na nasavacej rure ¢erpadla st umiestnené gul'ové ventily, pomocou ktorych ovlada-
me vodu, ktort nasava ¢erpadlo. Pomocou nasavacej rary je nadrz nadstavby napustana.

Obr. 2. Hasi¢ska nadstavba na Nissan Navara
Fig. 2. Fire bodywork for Nissan Navara

(1) nadrz nadstavby/tank of bodywork, (2) ¢erpadlo/pump, (3) naptstacie a nasavacie potrubie/

admission and intake line, (4) gul'ové ventily/spherical valve, (5) nadrz na benzin/gas tank, (6) ukotvenie
+ ochranny ram na nadrze s benzinom/anchoring + protective frame for the gas tank, (7) ukotvenie

nadstavby/anchoring of bodywork, (8) vysokotlakova prudnica/high pressure line of flow, (9) prietokovy
navijak/flow winch, (10) prevodovka navijaku/transmission of winch, (11) privodné potrubie/admission

line, (12) rukovat’ na navijanie prietokovej hadice/winding handle on the flow tube, (13) rukovat’

na dvihanie nadrze/handle on lift tank, (14) odvzdusnovaci ventil/air eliminator

Délezitou Cast’'ou pri navrhu nadrze je napitovo-deformacna analyza modelu nadrze,
ktora bola vykonana v programe Autodesk Inventor Professional 2016 (Studentska verzia).
Model bol zat'azovany vlastnou tiazou vody, posobiacou v smere kolmom na dno nadrze
a tlakovou silou vody, pdsobiacou na bo¢né steny nadrze (Obr. 3). Vo vysledku sme sle-
dovali dve zakladné mechanické vlastnosti, konkrétne pevnost/inosnost’ (kontrola napiti)
a deformaciu (posunutie).
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Obr. 3. Zatazenie nadrze pre nadstavbu Nissan Navara
Fig. 3. Load of tank for the bodywork Nissan Navara

Na obrazku 4 st znazornené vysledné napétia zatazovanej nadrze a na obrazku 5 st
znazornené jej mozné deformacie.

Typ: Napsti Von Mises Typ: Posunutf

Jednotka: mm

13.4.2016, 14:00:25
8,457 Max,

tha: MPa
13.4.2016, 13:59:43
6,742 Max

53%

1,691

0,004 Min. oMn,

Obr. 4. Pevnostna analyza nadrze pre Nissan Obr. 5. Deformacia na nadrzi pre Nissan Navara
Navara Fig. 5. Deformation of the tank for Nissan Navara
Fig. 4. Stress analysis of the tank for Nissan
Navara

Hasic¢ska nadstavba pre automobil Land Rover Defender
Pri navrhu nadstavby sme vychadzali z rovnakych podmienok ako pri nadstavbe
na vodidlo Nissan Navara pricom podmienky pre navrh boli rozsirené o moznost’ prevozu
nadstavby na miesto lesného poziaru v podvese vrtul'nika.
Po uréeni podmienok pre navrh nadstavby na automobil Land Rover Defender a vzhla-
dom na nosnost’ tohto vozidla, bola nadstavba navrhnuta nasledovne:
e objem vody cca 6101,
e vybavenie nadstavby (vysokotlakové motorové ¢erpadlo, box s vecnymi prostriedka-
mi na hasenie lesnych poziarov vo variante typu A, prietokovy navijak vo variante
typu B),
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e princip ukotvenia nadstavby na loznu plochu automobilu ako pri nadrziach dodéava-
nych k stvorkolkam,

e ochranny ram, ktory zabezpe¢i manipulaciu z nadstavbou (prendsanie nadrze, zdviha-
nie nadrze) a prevoz nadstavby v mieste lesného poziaru v podvese vrtul'nika.

Navrh koncepcie nadstavby varianta A

Nadstavba typu A pre Land Rover Defender je Specidlne upravena na hasenie lesnych
poziarov. Tento typ nadstavby je navrhnuty s boxom, v ktorom budu ulozené vecné pro-
striedky na hasenie lesnych poziarov a s kovovym ochrannym radmom, ktory umozni jej
prevoz v podvese vrtulnika, kde musi odolavat’ dynamickému namahaniu a narazom pri
ukladani vrtul'nikom na zem (Obr. 6). Dany typ nadstavby je rieSeny tak, Ze automobil sa
dostane na najvyssie mozné miesto, ¢o najblizsie k poziaru a nasledne sa od automobilu
tahaju hasiace linky alebo sa automobil zapoji do jazierkového systému.

1M— N\ y 8

=
| —
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Obr. 6. Hasi¢ska nadstavba na Land Rover Defender (varianta A)
Fig. 6. Fire bodywork for Land Rover Defender (variant A)
(1) ochranny ram nadstavby/protective frame of bodywork, (2) nadrz nadstavby/the tank of bodywork,
(3) nadstavba na hasiace naradie/bodywork for firefighting tools, (4) dvierka nadstavby/door
of bodywork, (5) piest na otvaranie dvierok nadstavby/piston door opening of bodywork, (6) zavesny
systém dvierok nadstavby/hinge join door of bodywork, (7) rukovat’ dvierok nadstavby/hand grip door
of bodywork, (8) napustacie a nasavacie potrubie/admission and intake line, (9) gul'ové ventily/spherical
valves, (10) nadrz na benzin/gas tank, (11) ukotvenie + ochranny ram na nadrz s benzinom/anchoring +
protective frame for the gas tank, (12) ¢erpadlo/pump, (13) ukotvenie nadstavby/anchoring of bodywork,
(14) kotviace oko pre uchytenie nadstavby do podvesu/anchoring eye for fixing the bodywork
to underslung, (15) odvzdusiovaci ventil/air eliminator, (16) skrutky na uchytenie vrchu ochranného
ramu na konstrukciu ochranného ramu/screw for fixing of the top protective frame on construction
of protective frame

Navrh koncepcie nadstavby varianta B
Nadstavba typu B pre Land Rover Defender je rovnakého konstrukéného riesenia ako

nadstavba typu A. Hlavny rozdiel je v umiestneni prietokového navijaka namiesto boxu
pre vecné prostriedky, ¢im by sa zabezpecilo priame hasenie poziarov (Obr. 7).
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Obr. 7. Hasi¢ska nadstavba na Land Rover Defender (varianta B)
Fig. 7. Fire bodywork for Land Rover Defender (variant B)

(1) nasavacie a napustacie potrubie/admission and intake line, (2) gul'ové ventily/spherical valves, (3)
odvzdusnovaci ventil/air eliminator, (4) ochranny ram/protective frame, (5) nadrz nadstavby/the tank
of bodywork, (6) ochranny ram benzinovej nadrze + ukotvenie nadrze/anchoring + protective frame for
the gas tank, (7) benzinova nadrz/gas tank, (8) prietokovy navijak/flow winch, (9) prevodovka navijania
prietokového navijaku/transmission of winch, (10) rukovat’ na navijanie prietokového navijaku/winding
handle on the flow tube, (11) kotviace body na uchytenie nadstavby do podvesu vrtul'nika/anchoring
points for fixing the bodywork to underslung, (12) ukotvenie nadstavby/anchoring of bodywork, (13)
privodné potrubie/admission line

Nadrz nadstavby je rovnaka pre variant A aj variant B, konkrétne z materialu sklo-
laminat hribky 5 mm. Tvar nadrze sa prispdsobil loznej ploche automobilu a vybaveniu
automobilu, kde sa muselo prihliadat’ na rozmery loznej plochy, umiestnenie blatnikov
v loznej ploche a umiestnenie rezervnej pneumatiky, ktora sa nachadza na loznej ploche
a na umiestnenie motorového cerpadla.

Rovnako ako pre model nadrze Nissana Navara sme vykonali pevnostnt analyzu mo-
delu nadrze pre Land Rover Defender (Obr.8 a Obr. 9).

Typ: Nap&t Von Mises

Jednotka: MPa

13.4.2016, 13:3851
11,96 Max.

0Mn.

n}’n_

7

Obr. 8. Pevnostna analyza nadrZe pre Land Rover Defender
Fig. 8. Stress analysis of the tank for Land Rover Defender
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Typ: Posunuti

otka: mm
13.4.2016, 13:40:22
19,27 Max.

Obr. 9. Deformécia na nadrzi pre Land Rover Defender
Fig. 9. Deformation of the tank for Land Rover Defender

DISKUSIA

Z pevnostnych vysledkov nadrze pre Nissan Navara sme zistili, ze kontrola napéti
a deformécie dosahovali malé hodnoty. Minimélne napitie 6, ma takmer nulovii hodnotu
a maximalne napitie o, _je 6,74217 MPa. Pri nadrzi pre Land Rover Defender bolo mini-
mélne napitie 6 takmer nulové a maximalne napitie o, _je 11,9584 MPa.

Pri vyhodnoteni pevnostnej analyzy sme vychadzali z technickych vlastnosti pouzité-
ho sklolaminatového materialu. Hodnota dovolenej pevnosti v ohybe o, pre vybrany typ
materidlu je 120 MPa. Nakol’ko plati podmienka o, <o, , méZeme povedat’, Ze navrhnuty
materidl a hrubka materialu vyhovuju pre dant prevadzku.

Z vysledkov, je preto mozné tvrdit, Ze navrhnuta nadrz pre nadstavbu Nissana Navara,
z hladiska napédtovo-deformacnej analyzy, bude vyhovovat’ danej prevadzke. Z dovodu
mensich rozmerov nadrze a nizkych hodnét vyslednej deformacie nebudeme pre dant
nadrz navrhovat’ ochranny ram.

Pri nadrzi pre nadstavbu Land Roveru Defender pozorujeme, Ze najvacsie deformacie
vznikaju na dne nadrze. Z tohto dévodu sme, kvoli ich minimalizacii, volili pri navrhu
ochranného ramu dve priecne speviiovacie pasoviny.

Hlavnou napliou a cielom tejto prace je navrh nadstavby na l'ahky terénny osobny
automobil pouzivany v HaZZ SR a v pddohospodarstve, resp. v Lesoch SR. Navrhované
nadstavby st rieSené tak, aby svojim vybavenim a vyhotovenim nepresahovali uzitocnti
nosnost’ zvolenych automobilov. Tento ciel prace sme splnili a navrhnuté nadstavby ne-
presahuju uzito¢nu nosnost’ vozidiel.

Dal$ou pracovnou hypotézou bol predpoklad, Ze pri vyuziti uzito¢nej nosnosti danych
automobilov, umiestnime do nadstavby minimalne 4001 vody. Stanovena pracovna hypo-
téza sa ndm potvrdila. Vzhl'adom na uzitoént nosnost’ automobilov sme schopni do na-
vrhovanych nadstavieb umiestnit’ miniméalne mnoZstvo vody o objeme 4001. Dalej sa
nam potvrdila skuto¢nost’, ze mnozstvo vody v nadstavbe je zavislé na uzito¢nej nosnosti
automobilu a na samotnom vybaveni navrhovanej nadstavby:.
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Vychadzajiac z uvedenych predpokladov, konstrukénych rieSeni a odozvy odbornej
verejnosti, navrhované nadstavby by mali byt prinosom tym, Ze rozsiria vyuzitenost
automobilov aj pre hasenie lesnych poziarov v nepristupnom teréne, na monitorovaciu
¢innost’ poziariska a na monitorovanie lesnych porastov v ¢ase zvySeného nebezpecenstva
vzniku poziarov.

ZAVER

Vzhl'adom k tomu, ze v sucasnej dobe HaZZ SR a Lesy SR disponuji uvedenymi typ-
mi automobilov, ale nedisponuje typom nadstavieb spracovanych a navrhnutych v tomto
prispevku, bolo by vhodné spracovat’ navrh, na zaklade ktoré¢ho by sa do vozového parku
zapracoval aj takyto typ uvedenych automobilov s podobnymi nadstavbami, alebo sa za-
¢alo s vyrobou uvadzanych typov nadstavieb. Navrhovanymi nadstavbami sa zvysi vyu-
ziteI'nost’ uvedenych automobilov pre hasenie lesnych poziarov. Spracovand myslienka
konstrukénych rieSeni méze byt uzito¢na pre firmy, ktoré sa zaoberaju navrhom hasic-
skych nadstavieb.
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ABSTRACT: The goal of this paper is to introduce and analyze Conservation Agriculture by three
parameters of the sustainability. Unsustainable use of land resources and improper agricultural ma-
nagement lead to the land degradation. There is need to use an innovative approach, which ma-
ximizes the production in an environmental friendly manner at the same time without increasing
the production cost. The paper presents descriptive, qualitative and quantitative data. Based on the
analysis of Conservation Agriculture by environmental, economic and social indicators, this techno-
logy is considered as a proper management system, which meet today’s agricultural challenges by
demonstrating potential to secure sustained productivity and livelihoods improvements for millions
of climate-dependent farmers.

Key words: technology, conservation, agriculture, sustainable, management
INTRODUCTION

In 21st century, new technology and innovation in the different sectors of economy are
supported by international organizations, states, research institutes, NGOs and investors
in order to make our life much easier and more comfortable. Moreover, it is highly paid
attention to the sustainability of new inventions, i.e. each technology should include three
features: economic, social and environmental values.

Nowadays, land degradation costs an estimated US$40 billion annually worldwide,
without taking into account the hidden costs of increased fertilizer use, loss of biodiversity
and loss of unique landscapes (FAO, 2016). One of the solutions to the following problem
is to implement new approaches for growing plants — Conservational Agriculture (CA).

Conservation Agriculture (CA) is an approach to managing agro-ecosystems for im-
proved and sustained productivity, increased profits and food security while preserving
and enhancing the resource base and the environment (FAO, 2016). There is inequality
between agricultural productivity and world population growth. For this reason, there is
need to use an approach, which maximizes the production in an environmental friendly
manner at the same time without increasing the production cost. Conservation agriculture,
which is more integrated approach, is seen as being able to reduce land degradation and
increased food security in a more sustainable way.
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Based on FAO explanation CA has main three principles: minimum soil disturbance,
permanent soil cover: crop residue or live mulch as well as crop rotation and/or inter-
cropping. It is a way to combine profitable agricultural production with environmental
concerns and sustainability and it has been proven to work in a variety of agro-ecological
zones and farming systems (FAO, 2016).

1.1  Minimum soil disturbance

Minimum soil disturbance involves zero tillage, direct seeding or planting. The dis-
turbed area must be less than 15cm wide or less than 25% of the cropped area (FAO,
2016). There are several advantages of this principle: the protection of the soil against
erosion, the improvement of infiltration, the conservation of soil moisture, in the long term
the reduction of fertilizer amount as well as cost savings (fuel, time and labor). Moreover,
it improves soil organic matter.

1.2 Permanent soil cover

Area with less than 30% cover is not considered as CA (FAO, 2016). Firstly, soil cover
protects the soil from erosion by water and wind. Secondly, it conserves water and keep
the soil temperature even. Thirdly, provide the soil with nutrients. Fourthly, it inhibits
weed germination and growth. Fifthly, it improves organic matter accumulation and car-
bon sequestration.

1.3 Crop rotation and mixing

Rotation/association should involve at least 3 different crops (FAO, 2016). This prin-
ciple is the reason of pest and disease reduction, as different crops are susceptible to dif-
ferent diseases and pest agents. Therefore, it will decrease the incidence of diseases and
pests at no cost. Moreover, it improves fertility and production because of different root-
ing patterns, which take up nutrients at different soil depth. Rotation helps to utilize soil
nutrients more efficiently.

In order to take full advantage of the conservation agriculture, the main three princi-
ples should be not omitted. Land preparation activities is also time-consuming, they can
involve to the process agricultural machinery, animal traction or manual work. Actually,
manual work is typical for small garden. There are commonly used tractors or animal trac-
tions in big farms.

Image 1: Conservation Agriculture Equipment

L% o s

% S B AT o AR A ” e T LY &
Manual Animal traction Tractors: two and four-wheel
system

To facilitate farmers’ work for direct seeding or planting, there is equipment special-
ized for Conservation Agriculture. It can be run manually, animal or tractor powered (Im-
age 1).
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MATERIAL AND METHODS

“The word 'sustainability’ is a recent invention, first recorded in 1907 in reference
to a legal objection. It entered the folklife discourse with Alan Lomax’s (1972) Appeal
for Cultural Equity and the 1983 report on The Conservation of Culture, coordinated by
Ormond Loomis for the American Folklife Center. The term gained popularity within de-
velopmental economics and policy planning following the 1987 publication of the United
Nation” Brundtland Commission Report on sustainable development Our Common Fu-
ture” (Sykes, 2013). There is no unique meaning of the term “sustainability”, but in com-
monly used definitions “sustainability” includes itself environmental, economic and social
values. Analyzing Conservation Agriculture by three parameters of the sustainability, it
can be found several advantages of this farming technology:

1.1 Environmental benefits

Firstly, the main reasons that causes the loss of soil moisture are evaporation and run-
off. Technically, 60%-70% rainfall is evaporated, 10%-20% loses as runoff and only 10%-
20% water that filters into the soil is useful for agriculture (Li Hongwen & Li Wenying,
2012). With maintaining residue on the surface of the land, CA reduces soil erosion as
well as provide higher infiltration. Secondly, CA is regarded as carbon sequestration, it
has been calculated that the total potential for soil carbon sequestration by agriculture
could offset about 40% of the estimated annual increase in CO2 emissions (Robins, 2004).
Therefore, the implementation of this technology to the practice can lead to the reduction
of carbon emission and slow down the process of climate change.

1.2 Economic benefits

As the one of economic advantages of CA is time saving, which attracts the most of farm-
ers. Comparing CA with conventional tillage for mechanized operations (Table 1), it can be
seen that for 1 ha there is need 6.17 hours under conventional tillage and 3.78 hours in CA.
It shows that farmers can save 39% of their mechanized operations by implementing CA.

Table 1: Mechanized operations and time required (hours/ha) for each of them under different bean
production systems in Brazil

Operation Conservation agriculture Conventional tillage

Kanife roller 0.89 -

Direct seeding 0.76 -

Spraying 1.2 0.6
Harvest 0.93 0.93
Ploughing/ disking - 1.37
Levelling - 1.38
Conventional planting - 0.89
Ridging - 1

Total 3.78 6.17

Source: Economic aspects of Conservation Agriculture, FAO 2015

http://www.fao.org/ag/ca/5.html
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Table 2: The time requirements for land preparation activities under conventional tillage and
conservation agriculture

Comparing the time requirements for land preparation activities under conventional tillage with
CA (Table 2), in conventional tillage for 1 ha farmers spend 2.9 hours by tractor and 33 hours with
animal traction, as far CA there are need only 1.2 hours by tractor and 4.5 hours with animal traction.

Conventional tillage Conservation agriculture
Operation Time required Operation Time required (hours/ha)
(hours/ha)

Tractor Tractor
Ploughing 1.5 Knife roller 0.9
Harrowing

1.4 Spraying 0.3
(2x)
Total 2.9 Total 1.2
Animal Traction Animal Traction
Ploughing 25 Knife roller 3
Harrowing

5 Spraying 1.5

(2x)
Furrowing 3
Total 33 Total 4.5

Source: Economic aspects of Conservation Agriculture, FAO 2015
http://www.fao.org/ag/ca/5.html

Such as big difference in time appears due to the practices of ploughing, harrowing and
furrowing under conventional tillage, which is not implemented in CA technology.

1.3 Social benefit

189 Member States of United Nations agreed to set up 8 Millennium Development
Goals (MDGs) in 2000 and one of which was to ensure environmental sustainability
planned to achieve by 2015. Nowadays the land degradation remains acute and has its
reflection in 17 Sustainable Development Goals, which are tried to achieve by 2030. Pro-
moting CA globally along with FAO, the European Conservation Agriculture Federation
(ECAF), which was established in 1999 as a non-profit making international association,
held the first World Congress on Conservation Agriculture in 2001 in Madrid, initiating
a series of such congresses: 2003 Brazil, 2005 Kenya, 2009 India, 2011 Australia, 2014
Canada (Friedrich, et al. 2014).
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Table 3: Different networks, assosiations and other groups focusing on Conservation Agriculture

INTERNATIONAL

AFRICA

FAO Conservation Agriculture Community of Practice
Agroécologie (CA program at CIRAD)

Conservation Agriculture - FAO's Agriculture and
Consumer Protection Department

Ecoport: Conservation Agriculture
CIMMYT Conservation Agriculture Program

CIMMYT Blog - Often covers CA related activities at
CIMMYT

No- Tillage, Sustainable Agriculture in the New
Millenium

International Center for Agricultural Research in the
Dry Areas (ICARDA)

African Conservation Tillage Network

African Wildlife Foundation: Conservation Agriculture
CA2Africa: Conservation Agriculture in Africa
Conservation Farming Unit

Growing Nations: Transformation through Sustainable
Agriculture

Namibia Conservation Agriculture Program (NCAP)
No-Till Club of Kwa-Zulu Natal

World Agroforestry Center: Conservation Agriculture
with Trees (CAWT)

ASIA /AUSTRALIA LATIN AMERICA
Professional Alliance for Conservation Agroterra: Foro de Siembra Directa
Agriculture (PACA)

Conservation Agriculture Network in South-East
Asia (CANSEA)

Conservation Agriculture and No-till Farming
Association (CANFA)

Conservation Agriculture Alliance of Australia and
New Zealand (CAAANZ)

Conservation Agriculture for Food Security

The Western Australian No Tillage Farmers
Association (WANTFA)

South Asian Conservation Agriculture
Network (SACAN)

The South Australian No-Till Farmers
Association (SANTFA)

Victorian No Till Farmers Association (VNTFA)

Asociacion Argentina de Productores en Siembra
Directa (AAPRESID) ARGENTINA

Asociacion Uruguaya Pro Siembra Directa (AUSID)

Federacao Brasileira de Plantio Direto e Irrigacao
BRAZIL

Jovem Agricultor em Rede- Grupo de agricultura de
concervacao PORTUGAL

Plataforma Direto (EMBRAPA) BRAZIL

MasAgro: Modernizacion Sustentable de la Agricultura
Tradicional

Revista Plantio Direto BRAZIL

CANADA and USA

EUROPE

Alberta Reduced Tillage Linkages

Pacific Northwest Conservation Tillage Information
Source

Alberta Reduced Tillage LINKAGES

Manitoba - North Dakota Zero Tillage Farmer's
Association

Manitoba Zero Tillage Research Association
(MZTRA)

California Conservation Tillage Workgroup

Conservation Agriculture for Food Security

European Conservation Agriculture Federation (ECAF)

UK Soil Management Initiative (SMI) UNITED
KINGDOM

Asociacion Espaiiola de Agricultura de Conservacion.
Suelos Vivos (AEAC.SV) SPAIN

Zdruzenie pre Rozvoj Bezorbovych Technologii v
Rastlinnej Vyrobe - Slovak No Till Club (SNTC)
SLOVAK REPUBLIC

National Foundation for Development of Conservation
Agriculture (NFDCA) RUSSIA

Associag¢ao Portuguesa de Mobiliza¢do de Conservagao
do Solo (APOSOLO) PORTUGAL
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Colorado Conservation Tillage Association

Colorado State University: Conservation Tillage
Demonstration and Outreach Project

Conservation Agriculture Systems Alliance

Conservation Agriculture Systems Institute (Univ. of
California)

Conservation Agriculture Blog - University of
California, Department of Agriculture and Natural
Resources

Conservation Cropping Systems Initiative
Conservation Technology Information Center (CTIC)
Georgia Conservation Tillage Alliance

Kansas City No-till- Organotill

Midwest Cover Crops Council

Michigan Cover Crops

National Soil Tilth Laboratory (USDA Agricultural
Research Service)

No-Till on the Plains
No-Till Gardening

No-Till Vegetables: Harnessing the Power of Cover
Crops

No-Tillville
Panhandle No-Till Partnership
Ohio No-Till Council

Oklahoma State Department of Plant and Soil
Sciences: No-Till

Panhandle No-Till Partnership

Pacific Northwest Direct Seed Association
Pennsylvania No-Till Alliance

Saskatchewan Soil Conservation Association
Soil Conservation Council of Canada

Soil and Water Conservation Society: Conservation
News Briefs

South Dakota No-Till Association
Stewardship Alliance for Conservation Agriculture
USDA Conservation Systems Research

Virginia No-Till Alliance

Associazione Italiana per la Gestione Agronomica e
Conservativa del Suolo (A.I.G.A.Co.S.) ITALY

Conservation Agriculture Ireland (CAIR)

Talajkimélo Mezogazdaskoz Magyarorszagi
Egyesiilete (TMME) (Hungarian CT Association)

Etatpeio IIpodbnong Asipopikdv Kodlepyntiov
Yvomudrov (EITAKY) Hellenic Association for
promotion of Conservation Agriculture (HACA)
GREECE

Gesellschaft fiir Konservierende
Bodenbearbeitung (GKB) GERMANY

Gesellschaft fiir Konservierende Bodenbearbeitung
Direktsaat in Sachsen e.V. (KBD) GERMANY

Landwirschaft: Konservierende
Bodenbearbeitung GERMANY

Association pour la Promotion d'une Agriculture
Durable (APAD) FRANCE

Fondation Nationale pour une Agriculture de
Conservation des Sols FRANCE

Agroécologie (FRANCE)

Biodiversite, Agriculture, Sol &
Environnement (BASE) FRANCE

Projet scientifique sur les TCS associant les
agriculteurs, I'Administration et la recherche
(BELGIUM)

Finnish Conservation Agriculture (FINCA)

Foreningen for reduceret jordbearbejdning i
Danmark (FRDK) DENMARK

Belgian Association in Research Application on
Conservation Agriculture (BARACA) BELGIUM

Swiss No-till (in German and French only)

Wageningen University- Conservation Agriculture
(NETHERLANDS)

Source: Cornell University, College of Agriculture and Life Sciences, Conservation Agriculture: Glob-
al Research and Resources, http://mulch.mannlib.cornell.edu/pages/resources/networksgroups.html
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The large number of different networks, assosiations and groups concerning on CA
practice is shown that there is prospective future for developing this technology in the
world. In order to popularize it worldwidely, there is need more international, regional
and national support. Government policy, the trainings of extension service agencies and
NGOs play an important role for adopting and disseminating it.

RESULTS

By implementing this technology farmers save 39% of working hours for mechanized
operations and 59% working hours for land preparation activities with tractors as well as it
can lead to the reduction of carbon emission and slow down the process of climate change.

CA in both Europe and Africa represent small portions accounting for 1% of world
total CA area (Diagram 1). Therefore, they are regarded as the developing continents of
implementing the technology.

Area (1000000 ha)
54% - 1;1%

1; 1%

4; 3%

® South America ® North America
1 Australia and New Zealand B Asia

M Russia and Ukraine ™ Europe

W Africa

Diagram 1. Area under CA by continent

Source: Friedrich, T., Derpsch, R., & Kassam, A. (2012). Overview of the global spread of
conservation agriculture

With 3% of arable area under CA (more than 4 Mha) in Asia is reaching to Russia and
Ukraine (both countries together about 5 Mha). The top three continents, which is inten-
sively use this technology, are South America (44%), North America (32%) and Australia
including New Zealand (14%).

The large number of different networks, assosiations and groups concerning on CA
practice is shown that there is prospective future for developing this technology in the
world. In order to popularize it worldwidely, there is need more international, regional and
national support.
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DISSCUSION

One of the major challenges is to change farmers’ mind set from the conventional
tillage to conservation agriculture. It should also be noted that while implementing CA
technology, there are other significant factors, which need keeping under a careful control
such as residue, pest and weed managements.

CONCLUSION

CA technology is a climate resilient technology and management system that has dem-
onstrated potential to secure sustained productivity and livelihoods improvements for mil-
lions of climate-dependent farmers. This technology is win-win situation, as it encourages
sustainable agricultural development including itself environmental, economic and social
values.
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ABSTRACT: Most transporting and harvesting machines in forestry use at the traction drive hyd-
rostatic — mechanical power transmission from the engine to the travel wheels. This energy transfer
is also used by Forwarder LVS 720. This article deals with analysis of traction forces and travel
rresistances, which were calculated from the data measured during the forwarder LVS 720 driving
tests at the polygon Josefov.

Key words: hydrostatic-mechanical power transmission, travel resistances, wheel slip

ABSTRAKT: Vo vécsine dopravnych a tazobnych strojov v lesnom hospodarstve sa pri pohone
pojazdu stroja pouziva hydrostaticko — mechanicky prenos energie z motora na pojazdové kolesa.
Tento spOsob prenosu energie je pouzity aj u forwardera LVS 720. Prispevok sa zaobera rozborom
trakénych sil a jazdnych odporov, ktoré boli vypocitané z udajov, nameranych pocas jazdnych sku-
Sok forwardéra LVS 720 na polygéne Josefov.

Kracové slova: hydrostaticko-mechanicky prenos energie, jazdné odpory, preklz kolies
UVOD

Viacsina vyrobcov lesnych strojov sa vydala cestou hydrostaticko-mechanického pre-
nosu hnacej sily. K jeho hlavnym vyhodam patri moznost’ plynulej zmeny prevodového
pomeru bez prerusenia dodavky kratiaceho momentu na hnacie kolesa, dodavka vel'kého
krutiaceho momentu pri nizkych otackach, priestorovo usporné rieSenia zastavby agre-
gatov a tiez pomerne jednoducha regulacia pretazenia hydrostatického obvodu (Neruda,
2013). Ciel'om prispevku je popri analyze udajov, nameranych pocas skusok forwardera
LVS 720 poukazat’ na problémové miesta pri prenose hnacej sily a navrhnut’ opatrenia
na zlepSenie.
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MATERIAL A METODY

Meranie technickych parametrov forwardera LVS 720

V priebehu roku 2014 bolo v ramci projektu TIP FR —TI 4/139 (Vyvoj a vyroba les-
nickych tazobno — dopravnych strojov malej triedy zameranych na ekolégiu) uskuto¢ne-
né testovanie prototypu vyvazacieho traktora LVS 720, f. Strojirna Novotny s.r.o.. Pocas
skusok pojazdu stroja bola v ramci testovacich jazd vykonana séria merani, ktorymi boli
ziskané hodnoty otacok, kratiacich momentov, tlakov v hydraulickom systéme, teplot
a d’alich parametrov.

V ramci testovania boli na stroji namontované snimace, zaznamenavajice nasledovné
hodnoty (Pajkos, 2014):

— tlaky oleja v dvoch vysokotlakovych vetvach hydraulického okruhu pojazdu medzi

Cerpadlom a hydromotorom prednej a zadnej napravy,

— otacky kl'ukového hriadel’a motora,

— krutiaci moment na spojovacom kardane medzi motorom a sustavou cerpadiel,
— teplota oleja v hydraulickej sustave,

— teplota vody v chladiacej ststave,

Okrem hodn6t, zaznamenanych snima¢mi bolo mozné z materialov, vzniknutych po-
Cas testovania ziskat’ eSte d’alSie udaje:

— doba jazdy — z grafu priebehu nameranych hodnét a z videozaznamu,
— dizka a sklon trasy jazdy — boli zmerané pred jazdou.

V prispevku st pouzité udaje, zaznamenané pocas testovania jazdy forwardera s na-
kladom, ktoré prebiehalo na terénnom polygone v Josefove, kde podklad tvorila spevnena
lesna cesta. Trasa jazdy bola rozdelena podrla jej sklonu do 17-tich tisekov a pri kazdom
tiseku boli zmerané ich dizka a sklon (Pajkos, 2014). Zakresleny vyskovy profil s dizkou
usekov je zobrazeny na obr. 1.

BODC. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

255 26 14 11 175 25 135 23 32 16 215 75 30 32 56.5 55| )
%) (1.2°) (56°) (4°) (8:8°) 720) (1.2°) (447 @) (96°) (10.3°) (4.8°) (8°) (7.8°) (5.2°) (587
10.5
(10.4%)

409

Obr. 1: Pozdizny profil terénneho polygonu Josefov
Fig. 1: Longitunal profile of terrain profile Josefov

Jazda forwardera pocas merania na trase bola preruSovana — forwarder sa na zaciatku
kazdého tseku rozbehol, ¢ast’ tseku presiel stalou rychlostou a na konci useku sa zasta-
vil. Useky boli oznageného farebnou znackou s poradovym &islom podla obr. 1. Meranie
parametrov bolo zapnuté kontinualne, pricom jednotlivé Gseky trasy bolo mozné odlisit’
podl'a zdznamu merania ota¢ok motora, kde vol'nobezné otacky znamenali zastavku. Stroj
sa pocas jazdy pohyboval smerom dopredu, do kopca a bol plne nalozeny. Ukazky zazna-
mov z merania jazdy na useku 10—11 s zndzornené na obr. 2 a 3.
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Obr.2: Zaznam merania otac¢ok a krutiaceho momentu na tiseku 10-11
Fig. 2: Record of measuring speed and torque at section 10—11
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Obr. 3: Zaznam merania tlakov v okruhoch prednej a zadnej napravy na useku 10-11
Fig. 3: Record of measuring pressure in the front and rear axles at section 10—11

V prispevku st spracované namerané hodnoty z usekov:
— tsek 10-11, dizka 21,5m, sklon 10,3°,

— tsek 11-12, dizka 10,5m, sklon 10,4°,

— usek 12-13, dizka 7,5 m, sklon 4,8°,

Struény popis pohonu pojazdu forwardéra LVS 720

Forwarder LVS 720 s max. nosnostou 7t patri do kategorie strednych forwarderov
(nosnost’ 7—-14 t). Usporiadanie hlavnych casti stroja a jeho zakladné rozmery su na obr.
2. Pojazd stroja tvoria dve tandemové bogie napravy s integrovanym napravovym dife-
rencidlom. Na vstupnej prirube rozvodovky prednej a zadnej napravy je namontovany
hydromotor. Pohon pojazdu stroja je hydrostaticko — mechanicky: motor pohana pomocou
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kardanového hriadel’a dvojicu regula¢nych hydraulickych ¢erpadiel, z ktorych kazdé tvori
uzavrety hydrostaticky obvod s hydromotorom prednej a zadnej napravy. Hydromotory su
dvojrychlostné s prepinanim rezimu pojazdu korytnacka — zajac.

=
i =
H | =t
‘ j
5 .n Gv
\j Rv+Rs+Rb (PNFa ) {,;35 Y _,ﬁ? F
=18 FHZN s | RviRs+Rb|@zn)
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Obr. 4: Forwarder LVS 720 — zakladné rozmery
Fig. 4: Forwarder LVS 720 — basic dimensions

Tabul'ka 1. Parametre LVS 720, pouzité v vypoctoch
Table 1. LVS 720 Parameters used in calculations

Zatazenie vozidla G, 154 017 N
Zat'azenie prednej napravy (PN) G, 38504 N
Zatazenie zadnej napravy (ZN) G, 115513 N
Motor Cummins QSB3.3
Vykon motora P, 82 kW/2600
Max. krutiaci moment M, 415 Nm/1600
Prevodovy pomer ndhonu cerpadiel i 1:1
Prevodovy pomer tandemovej napravy iy 1:37,2
Hydrogenerator PN Sauer—-Danfoss SO0R055
Hydromotor PN Sauer—-Danfoss HIB110
Hydrogenerator ZN Sauer—Danfoss SO90R075
Hydromotor ZN Sauer—Danfoss HIB160
Pneumatiky Alliance 500/60-22.5
Priemer D 1,17m
Staticky polomer r 0,54m
Sirka b 0,5m
Moment zotrvacnosti I, 20kg
Tlak hustenia p 440 kPa

Metodika stanovenia hnacej sily a jazdnych odporov

Prispevok vyuziva hodnoty, namerané pocas skusok forwardéra. Metodika vypoctu

parametrov stroja bude pozostavat’ z nasledovnych krokov:

— Rozdelenie usekov na 4 casti podl'a rovnovahy hnacej sily a jazdnych odporov — sto-
jace vozidlo, rozjazd, jazda konstantnou rychlostou, dojazd,

— Stanovenie hnacej sily a rychlosti pre predna a zadnti napravu,

— Stanovenie statickych jazdnych odporov pre prednt a zadnu napravu,

— Stanovenie zrychlenia podl'a dynamického odporu pri rozjazde,

— Vypocet preklzu pneumatik.
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Rozdelenie usekov podla rovnovahy hnacej sily a jazdnych odporov
Pre stanovenie parametrov pohybu vozidla plati zakladna pohybova rovnica:

F,=R,+R,+R,+R,[N] (1) (Tlarionov, 1964)

.. hnacia sila [N],

.. valivy odpor pneumatik [N],

.. odpor zo stupania [N],

.. odpor vzduchu [N],

.. dynamicky odpor pri rozjazde [N].

= = =V VeS|

AL RS A

Odpor vzduchu sa prejavi az pri vyssich rychlostiach vozidla. Forwarder sa pri testo-
vacej jazde pohyboval rychlostou max. 6 km/h, takze odpor vzduchu mézeme zanedbat’.
Pohybova rovnica ma potom tvar:

F,=R,+R +R,[N] 2)

KedZe na pohon pojazdu stroja slizia dva uzavreté hydrostatické okruhy z ktorych st
k dispozicii namerané udaje tlaku, trak¢na sila, rychlost’ a jazdné odpory budi vypocitané
nezavisle pre prednt (PN) a zadnti (ZN) napravu.

Pri prejazde vozidla jednotlivymi tsekmi sa tieto delia podl'a priebehu rychlosti na 4

Casti:

— 0-1-stojace vozidlo. Motor pracuje na vol'nobeznych otackach. Na vozidlo pdsobia
statické jazdné odpory (R, + R,) a brzdnd sila F,.

— 1 -2 —rozjazd vozidla. Na vozidlo pdsobia statické jazdné odpory (R, + Ry), dyna-
micky odpor pri rozjazde R, a hnacia sila /.. Zrychlenie vozidla postupne klesa az
do bodu 2, ked’ dosiahne nulova hodnotu.

— 2 -3 —jazda konstantnou rychlost'ou. Motor pracuje s max. vykonom, ktory pri danej
rychlosti vyvinie hnaciu silu /. Tato sa celd spotrebuje na prekonanie statickych od-
porov (R, + R,) a neexistuje rezerva vykonu na d’alSie zrychlenie.

— 3 —4—dojazd vozidla. Motor pracuje na vol'nobeznych otackach. Na vozidlo pdsobia
statick¢ jazdné odpory (R, + R,) a brzdn4 sila F,. Rychlost’ sa postupne znizuje az
do zastavenia vozidla.

v=konst.

0 1 2 3 4 t

Obr. 5: Rozdelenie tiseku podl’a priebehu rychlosti (v — rychlost’, t — cas)
Fig. 5: Division of the section according to the speed (v — speed, t — time)

ACTA FACULTATIS TECHNICAE, XXI, 2016 (2): 37-47 41



Stanovenie hnacej sily a rychlosti

Hydrogeneratory, pohanané od motora kardanovym hriadel'om, dodavaju do hydrosta-
tického obvodu prietokové mnozstvo pracovnej kvapaliny podl'a vztahu:

0,0 = Vo - M6 ijmin] 3) (Baroska, 2011)

1000
kde Vi geometricky objem hydrogeneratora [cm?],
n,.... otacky hydrogeneratora [min'],
n,-.. objemova ucinnost’ [].

Objemova ucinnost’ sa vyjadruje pomerom skuto¢ne dodaného a teoretického prieto-
kového mnozstva pracovnej kvapaliny. Straty dodavky (inik) pracovnej kvapaliny vply-
vom netesnosti v ¢erpadle st dané jeho konstrukciou a su konstantné. So zvySujicim sa
prietokom v Cerpadle sa znizuje podiel tychto strat na prietoku a tym sa aj zvySuje obje-
mova ucinnost’. Vplyv velkosti tlaku je opaény — objemova ucinnost’ so zvysSujucim sa
tlakom klesa (Casey, 2011).

Mechanicko-hydraulicka (momentova) tucinnost’ vyjadruje straty, ktoré vznikaja
trenim mechanickych Casti ¢erpadla a pracovnej kvapaliny pri jej prietoku ¢erpadlom.

Vyrobcovia ¢erpadiel a hydromotorov ¢asto uvadzaja komplexny diagram z ktorého
sa daju vycitat’ vzajomné zavislosti prietoku, tlaku, otacok, vykonu a celkovej G¢innosti.
Utinnosti, pouzité vo vypoétoch boli ziskané z materialov f. Sauer—Danfoss.

Pre stanovenie hnacej sily a rychlosti vozidla je potrebné poznat’ hodnoty krutiaceho
momentu a otacok, vychadzajucich z hydromotora. Pre ich vypocet platia vztahy:

Kratiaci moment:
M, = Vens = BP- M 1) (4)  (Baroska, 2011)
20 .7

kde Vs geometricky objem hydromotora [cm?],
M, -- mechanicko-hydraulicka (momentova) t¢innost’ [-].

Otacky:
O, -1000. 7, .
My = HGV— [min'] Q)
gHM

K vypocitanym parametrom hydromotora je potrebné este zohl'adnit’ parametre napra-
vy a kolies. Vysledné vzt'ahy pre celé vozidlo budi potom:

Hnacia sila:
M

KHM
F, =

Sy,
,

[N] (6)

kde i ... prevodovy pomer v naprave [],
- mechanickd t€¢innost’ prevodov v naprave [—],
r.... staticky polomer kolesa [m].
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Rychlost
0 .ny, .60
i, .1000

kde O... obvod kolesa [m].

[km.h"] (7

Stanovenie statickych jazdnych odporov

Statické jazdné odpory prekonava vozidlo pri jazde konstantnou rychlost'ou. Skladaji
sa z valivého odporu pneumatik a odporu zo stlipania.

Valivy odpor pneumatiky

Pri odval'ovani pneumatiky pocas jazdy v teréne dochadza popri deformacii pneumati-
ky aj k deformovaniu podlozia. Celkovy valivy odpor pneumatiky je potom:

R,=R +R [N] (8) (Pacas, 1983)

kde R,... deformacia podloZia [N],
R... deformacia pneumatiky [N].

Pre vypocet R, bude pouzity rozloZeny vztah (Omeljanov), kde plati:

Deformécia podlozia R, =C, .Gk.i/ZD [N] )
€.
kde C, ... konStanta, odporaca sa C =0,35 az 0,5
G,... zataZenie kolesa [N],
p... tlak hustenia pneumatiky [Pa],
D... priemer kolesa [m],
€... koeficient pretvorenia podlozia [N.m™],

4
Deformacia pneumatiky R,=C,.} Gg = [N] (10)
\} p-

kde C, ... konStanta, odporaca sa C,=0,65.

Odpor zo stipania

Odpor zo stiipania zavisi od uhla svahu, po ktorom sa vozidlo pohybuje a od zataZenia
vozidla:

R,=G,.cosa [N] (11)

kde G,... zataZenie vozidla [N],
a... uhol stipania (sklonu svahu) [°].
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Zat'azenie vozidla bude pocitané na prednu a zadnu napravu, Pri pohybe vo svahu sa
zmeni kolmy priemet razvoru a polohy taziska, ¢o ovplyvni zatazenie naprav. Upravené
zat'azenie prednej napravy potom bude:

o G, .(x; .cosa+ z .sinc) IN] (12)

Pz

L .cosa

kde x,... poloha t'aZiska od osi PN [m],
z... vySka taziska [m].

Potom odpor zo stipania pre zadn napravu bude:

R, =F’, . cosa [N] (13)

57

Odpor zo stipania pre predni napravu bude:

R,=G,—R [N] (14)

SP Vv SZ

Stanovenie dynamického odporu a zrychlenia

Pri stanoveni velkosti dynamického odporu pri rozjazde sa vychadza z vypoctu pre
zotrvacnu silu od hmotnosti vozidla a rotujtcich kolies. Pri ndvrhu vykonu hnacieho agre-
gatu pre stavebné a lesné stroje sa vécsinou pocita s dynamickym odporom, vypocitanym
na zaklade odhadnutého zrychlenia, pripadne zrychlenia, pri ktorom sa draha rozjazdu sta-
novi podla legislativnych poziadaviek na brzdnt drahu. Ked’ze podl’a nameranych udajov
je mozné vypocitat’ hnaciu silu a statické jazdné odpory, vel'kost” dynamického odporu sa
urc¢i z pohybovej rovnice (2).

R,=F,—R,—R; [N] (15)
Pre vel'kost dynamického odporu plati aj vztah:

5
Ry=m.a+k . .I,— [N] (16)  (Pacas, 1983)

s

kde m ... hmotnost vozidla [kg],

. zrychlenie [m.s],

. pocet kolies [-],

. moment zotrvaénosti kolesa [kg.m?],
. uhlové zrychlenie [s7?],

.. staticky polomer [m].

a..

k..

1.

€.

r..
s

Upravou a dosadenim za € = a / r dostaneme vzt'ah pre vypocet zrychlenia:

_ R, o
a= [m.s?] (17)
k.1,
m—+ 3

K
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Vypocet preklzu kolies

Preklz kolies zavisi od vel'kosti hnacej sily, zatazenia vozidla a adhéznych vlastnos-
tiach podlozky Pre jeho vypocet pri odvalovanie elastickej pneumatiky hnacieho kolesa
po tuhej a poddajnej podlozke plati nasledovny vzt'ah:

F
0 =1—J1—(—2—)* (29) (Mikleg, 2012)
G, .
kde p... koeficient zaberu kolesa s podlozkou [—], (pre poI'nu cestu pu=0,6).

VYSLEDKY

Vypocitané hodnoty taznej sily, jazdnych odporov, rychlosti, zrychlenia a preklzu ko-
lies s prezentované graficky.

Z priebehu krivky hnacej sily a jazdnych odporov je mozno zistit’ rezervu hnacej sily
na zrychlenie vozidla — je to cast’ krivky hnacej sily nad priamkou jazdnych odporov. Naj-
vicSia rezerva hnacej sily je v oblasti rozjazdu vozidla a s narastom rychlosti sa postupne
znizuje.

Na tsekoch 1011 a 11-12, ktoré maji najvyssie stiipanie dochadza pri jazde stalou
rychlostou k vyrovnaniu taznej sily s jazdnymi odpormi, motor pracuje s maximalnym
vykonom a prevodovy pomer medzi ¢erpadlami a hydromotormi neumoznuje d’alsi narast
rychlosti. Podobne sa prejavoval aj priebeh jazdy na useku 12—13 s niz§im stipanim.

V oblasti dojazdu a zastavenia dochadza po zabrzdeni k poklesu hnacej sily. Neskorsi
narast hnacej sily nie je skuto¢ny, je vypocitany z narastu tlaku, spdsobenom jazdnymi
odpormi pri spomaleni vozidla.
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Obr. 6: Graf priebehu vypocitanych hodnot pre usek 10-11
Fig. 6: Graph over the calculated values for the section 10—11
DTractive force,driving resistances, ?Time, *Speed, ¥ Acceleration, ¥Wheel slip
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Obr. 7: Graf priebehu vypocitanych hodnot pre tsek 11-12
Fig. 7: Graph over the calculated values for the section 11-12
DTractive force,driving resistances, ?Time, YSpeed, ¥Acceleration, YWheel slip
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Obr. 8: Graf priebehu vypocitanych hodnét pre usek 12—13
Fig. 8: Graph over the calculated values for the section 12—13
DTractive force,driving resistances, ?Time, ¥Speed, Y Acceleration, *Wheel slip

DISKUSIA A ZAVER

Pouzity postup vypoctu je zjednoduseny a nepopisuje napr. zmenu zatazenia naprav
a s tym stvisiacich jazdnych odporov pri rozjazde a brzdeni. Prevodovy pomer medzi Cer-
padlami a hydromotormi prednej a zadnej napravy nie je rovnaky. Pre stanovenie rychlosti
a zrychlenia vozidla je urujica viac zat'azena zadnd naprava. Priebeh t'aznej sily prednej
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napravy v oblasti stalej rychlosti vozidla naznacuje, ze vplyvom rozdielneho prevodového

pomeru dochadza k mareniu vykonu — hnacia sila prednej napravy sa okrem prekonania

jazdnych odporov snazi prevziat’ aj ¢ast’ zat'azenia zadnej napravy. Tento narast taznej sily
prednej napravy sposobuje zvyseny preklz kolies, viditelny okrem oblasti zrychlenia aj

v oblasti jazdy so stalou rychlostou. Existuje nickol'’ko moznosti na zleps$enie sti¢asného

hydrostatického pohonu:

1. Obmedzit’ maximalny objem hydromotora HIB160 na 150 ¢cm?. Pri tomto objeme
bude pomer objemov hydromotorov a ¢erpadiel rovnaky a stroj dosiahne pri predne;j
a zadnej naprave rovnaku rychlost’.

2. Doplnit’ do systému nezavislé proporcionalne ovladanie objemu hydromotorov
HI1B110 a HIB160, aby pri prestavovani objemu bol vzdy zachovany rovnaky pomer
vzajomnych objemov.

3. Pre rychlosti nad 5 km.h™' (reZim zajac) by bolo vhodné spojit’ okruhy predne;j
a zadnej napravy navzajom, aby fungoval hydraulicky diferencial.

Postup vypoctu, pouzity v tomto prispevku poskytuje po vyhodnoteni a spracovani
nameranych tdajov zakladné informacie o jazdnych vlastnostiach vozidla a upozornuje
na mozné nedostatky v pohone pojazdu.
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ABSTRACT: The article deals with the results of experimental researches of the medium pressure
impact on the products output and the duration of wood thermal decomposition process. It was
revealed that for the purposes of intensification of deep wood pyrolysis it is viable to regulate the
pressure in the apparatus during the process itself: an initial stage of thermal decomposition that
needs admission of great amount of thermal energy to the material from the outside is necessary to
conduct under the high medium pressure, at a later stage, in order to remove heavy fractions it is
helpful to reduce the pressure.

Key words: charcoal; raw material; desiccation of wood; pyrolysis; pressure regulation.

INTRODUCTION

In present state of techniques and technologies more than a quarter of all converted wood

becomes wastes. That is why efficient use of wood raw material waste of timber harves-

ting, sawmilling and wood working process is one of the most urgent issues of timber
complex that still needs a solution.

One of the optimal kinds of wood waste recycling is pyrolysis. Simplicity of mechani-

zation, diversification of resulting products, easy regulation of system parameters make

this method more attractive. Moreover, in the process of wood waste pyrolysis one can
obtains:

» charcoal that being an essential raw material for various manufactures and in steady
demand both in Russia and abroad finds its application in household use, chemical,
metal, medical and other industries;

* pyroligneous liquor — a product of condensing a steam gas mixture that in the process
of further recycling makes it possible to receive veterinary and smoke flavoring prepa-
rations , resin oil , as well as wood tar creosote oils having antiseptic properties and
used for processing of unhaired leather at tan yards instead of toxic oxydiphenil;
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* non-condensable gases that can be used both for the pyrolysis itself and for the cheap
energy obtained in the process of burning.

However, in most of existing installations pyroligneous liquor and non-condensable
gases are not caught and simply get thrown in the atmosphere that leads to the loss of
essential products. That is why it is currently important to develop up-to-date equipment
with the possibility to regulate end products of decomposition and reduce duration of the
process.

In the perspective of objective understanding of the wood pyrolysis process we will
examine its main stages: pre-heating, desiccation, pyrolysis itself and cooling.

In the process of desiccation of wood one can mark two stages: the first one carries
in desiccators; the second one, final raw material drying, takes place directly during the
process of pyrolysis. Wood desiccation stage ends approximately at the temperature of
120°C, at that, wood runs out of moisture, wood chemical composition undergoes only
insignificant changes, and volatile products do not appear.

Next stage is the stage of wood decomposition. This period can be characterized by
decomposition of less heat-stable wood components with emission of reaction water, car-
bon dioxide and some other products and by change of chemical and elementary composi-
tion. Cellulose mass reduction can be particularly noticed at the temperature up to 270°C.

At the temperature from 270 to 275°C one can see rapid wood decomposition accom-
panied by heat emission (exothermal process) and formation of basic mass of decomposi-
tion products.

Coal baking stage, that runs in dependence with apparatus type and pyrolysis method
at the temperature of 380 — 500 °C, forwards emission of great amount of gases and small
amount of liquid products.

After the end of pyrolysis process it is important to stabilize the charcoal; that is to
divest it of the possibility to self-ignite. For this purpose it is necessary to cool the charcoal
up to the temperature of 50 — 80°C.

MATERIALS AND METHODS

For the research of pressure impact on the process of pyrolysis it was created an ex-
perimental installation that allows to regulate absolute pressure in the working chamber
in the interval from 0,6 to 3 atm. The plan and the layout of the installation are presented
on the fig. 1.

The installation consists of the pyrolysis chamber 1, which through the nipple with
a valve 2 is connected with the pressure regulating system including a snake-like con-
denser 3, a shell-type condenser 4 with a condensate receiver, a vacuum pump 6 and flu-
idic ejectors 7. The temperature in the pyrolysis chamber 1 is maintained at a setting value
through the use of a heat regulator 8, heating elements 9, a thermocouple element 10 and
an instrumental board 11. The pressure in the pyrolysis chamber 1 is fixed with a differen-
tial manometer 12. The sample 13 mass alteration in the process of pyrolysis is registered
with a strain-gauge detector 14, the signal of which goes through an analogue-to digital
converter 15 and enters a personal computer 16. The sample mass alteration registered by
the detector is saved in the database and is processed in real time mode. As the result of
data processing, pyrolysis duration is assessed.
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Experimental researches are conducted in the following manner. The sample 13,
weighed in advance, is placed on the special cup 17, the pressure of which is transmitted
to the strain-gauge detector 14 by means of a stock 18. Thereafter, the pyrolysis chamber
1 is made airtight with a cover 19.
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Fig. 1. Experimental stand for the research of wood samples thermal decomposition
under regular medium pressure.

According to the plan of experiment pyrolysis temperature is defined with a heat regu-
lator 8; pressure in the chamber 1 at a setting value is maintained by means of a valve 2
and a pressure regulating system. At that, in the case of conducting the experiment in the
rare medium ejectors 7 and a vacuum receiver 5 come into operation. During experiments
in the context of overpressure, the valve 2 was shut off until necessary pressure was at-
tained due to the emission of volatile components and temperature effect following which
pressure is gradually relieved through valves 2 and 20.

The experiment ends when the sample mass is stabilized that indicates termination of
volatile substances emission. Thereafter, the installation shits off and charcoal gets cool
naturally.

As a model material for experiments of the pyrolysis process one used birch wood
samples that are used in the manufacture of charcoal of A grade. Only absolutely dry sam-
ples were put to use in experiments.

RESULTS

Experimental researches of pyrolysis kinetics in the context of medium pressure regu-
lation were conducted at the temperature of 600 °C. As the result of received data process-
ing we determined dependencies of wood thermal decomposition process duration and
charcoal output on pressure in the pyrolysis chamber.
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Figure 2 shows that when the pressure in the apparatus rises the process of pyrolysis
flows more intensively that can be explained by formation of more stable compounds
of decomposition products accompanied by emission of a large amount of heat energy
that, in its turn, leads to decomposition process activation. In contrast, medium pressure
decrease results into involuntary volatile substances extraction, and, consequently, into
temperature decrease in the reaction zone.

At the same time, an analysis of charcoal output dependency on total pressure in the
chamber (fig. 3) shows that pressure increase does not favor reaction of dissociation (de-
composition) of charcoal formation products, but it encourages an intensive temperature
increase and prevents steam gas mixture emission that, it its turn, promotes greater char-
coal recombination and growth of its output. Rarefaction in the chamber forwards the raise
of liquid products output as a result of their rapid extraction from the reaction zone, and
does not come into reaction with charcoal which is a strong catalyst of chemical reactions.
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Fig. 2. Duration of wood samples pyrolysis depending on pressure in the chamber.
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Fig. 3. Charcoal output depending on pressure in the pyrolysis chamber.

52 ACTA FACULTATIS TECHNICAE, XXI, 2016 (2): 49-54



For the research of steam gas mixture impact on different stages of charcoal formation
we obtained kinetic curves of samples mass alteration during the process in the context of
different parameters of general pressure (fig. 4). Taking into account inclination of curves
relative to the axis of abscissa it is possible to estimate intensity of the wood thermal de-
composition process. Presented curves show that in the initial period the most intensive
decrease of samples mass takes place under excessive pressures. The residual period of
thermal decomposition corresponds to emission of the heaviest fractions of forest-chem-
ical products, that is why their extraction proceeds more intensively than under lower
pressures in the apparatus.
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Fig. 4. Kinetic curves showing sample mass alteration under different medium pressures.

Thus, for the purposes of wood pyrolysis deep intensification it is viable to regulate
the pressure in the apparatus during the process itself: an initial stage of thermal decom-
position that needs admission of great amount of thermal energy to the material from the
outside is necessary to conduct under the high medium pressure, at a later stage, in order
to remove heavy fractions it is helpful to reduce the pressure.

CONCLUSION

A developed experimental installation and a series of conducted experiments show
the possibility of using suggested wood pyrolysis method in the process of medium pres-
sure regulation under production-line conditions. Implementation of new wood pyrolysis
apparatuses, that are able to work under different pressures, will make it possible to get
necessary products in the process of strong intensification.

ACTA FACULTATIS TECHNICAE, XXI, 2016 (2): 49-54 53



ACKNOWLEDGEMENT

The work was carried out within the grant of President of Russian Federation for sup-
port of young Russian scientists — doctors of Sciences (MD-5596.2016.8).

REFERENCES

Patent RF Ne 2400671. Installation for thermal recycling of solid waste /Timerbaev N. F., Ziatdinova
D. F., Safin R. R., Sadrtdinov A. R., Safin R. G., Kuzmin I. A., Razumov E. Y., Mindubaev R.
R. 2009

SAFIN R.R., VALEEV L.A., SAFIN R.G. Mathematical modeling of wood pyrolysis in the process
of medium pressure regulation / Vestnik of Moscow State Wood University. 2005. Ne 2. pp.
168-173.

SAFIN R.R., VALEEV LA., SAFIN R.G. Experimental research of pressure impact in the process
of wood pyrolysis / Vestnik of Kazan Technological University. 2004. Ne 1. pp. 256-260.
SAFIN R.R., RAZUMOV E.Y., VORONIN A.E., ZIATDINOV A.R., SABIROV A.T. Installation
for recycling of wood waste production / Issues of modern science and practice. University

n. after Vernadsky. 2009. Ne 5. pp. 82-87.

Contact address
Prof. Ing. Ruslan Rusanovi¢ Safin, DrSc., Kazan National Research Technological University,
Kazan, Russian Federation, tel.: +7 904 476 350 89, email: cfaby@mail.ru

54 ACTA FACULTATIS TECHNICAE, XXI, 2016 (2): 49-54



