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360pHUK Npefasansa ogpxaHux y nepuogy 2011-2015.

Termohidrauli€ke analize
prelaznih procesa u energetskim
postrojenjima

Vladimir Stevanovi¢
dopisni ¢lan AINS
Masinski fakultet Univerziteta u Beogradu

Uvod

* Prelazni procesi = nestacionarni rezimi
» Znacaj prelaznih procesa:
— Sigurnost postrojenja i bezbednost okoline
— Upravljanje procesom — pouzdanost i ekonomiénost rada
*+ Fenomeni:
— Dinamicke sile
Hidrauli¢ki udar
Kriza razmene toplote
Akumulacija radiolitickog gasa
Prelazni rezimi toplovoda
* Primeri:
— Parovodi termoelektrana
Sistem napojne vode
Nuklearni generator pare
Parovod sigurnosnog sistema nuklearne elektrane
Toplovodna mreza
» Zakljuéak
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» Dinamicke sile u parovodima termoelektrana
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Dinamicka
opterecenja u
parovodu
medupregrejane
pare na
termoelektrani

X Yy

duzina (m)/ unutragnji preénik (m)
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Brzina i pritisak ispred pregradnog ventila pri
ispadu turbine
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Ulazni podatak za projektovanje parovoda
Stevanovi¢, V. i dr., Numericka simulacija dinamickih opterec¢enja parovoda
termoelektrane “Nikola Tesla B”, Termotehnika, 1-3 (2003) 51-55.
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Lom parovoda sveze pare
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Stevanovic, V., et al., Simulation and Analysis of a Main Steam Line Transient with Isolation Valves
Closure and subsequent Pipe Break, Int. J. Numerical Methods for Heat & Fluid Flow, 4 (1994) 387-398.
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Hidrauliéki udar u jednofaznom sistemu

Jednodimenziono nestacionarno strujanje
kompresibilnog fluida

Procena promene pritiska sa brzinom
Ap = pcAu
«gde je brzina u (m/s), gustina p (kg/m3), brzina zvuka c (m/s) i pritisak p (Pa)
Za strujanje vode
Ap =10° (kg/m*)-10° (m/s)-2(m/s) =2 MPa

Za strujanje pregrejane pare na 5 MPa i 540 °C

Ap =14(kg/m3)-SOO(m/S)-SO(m/s) =0.35MPa
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o Dirzinicicz silz 1 parovodimz iarmozlziiriz

Hidrauli¢ki udar u dvofaznim sistemima

o Azl radiolificicog gzsz

o FZasusanjs” nulkleirnog generiiori Oirs

C

Pralzaznl procss t ioplovodnof mrsZi

o Dinzinlsz rada sscumulzaiors ozrs
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Posledice hidraulickog udara u dvofaznim
sistemima (1/2)

Manhattan, New York jula 2007.
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Posledice hidraulickog udara u dvofaznim
sistemima (2/2)

Jedan radnik je poginuo i dvoje je
zadobilo ozbiljne opekotine radec¢i u
ventilskom Sahtu u okviru sistema
parnog daljinskog grejanja usled
pucanja parovoda pecnika 600 mm.
Na ulici je jedan prolaznik preminuo
od sréanog udara, a nekoliko ih je
lakSe ozledeno.

Manhattan, New York jula 2007.
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Polomljen pregradni ventil na parovodu kotla u
fabrici Secera usled hidrauli¢kog udara

UHI®
1
i
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Polomljen ventil u sistemu daljinskog grejanja
vojne baze Fort Wainwright na Aljasci usled
hidraulickog udara
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Hidrauli¢ki udari u dvofaznim sistemima su
se desavali u:

* Termoelektranama

» Kotlarnicama

* Nuklearnim elektranama

+ Sistemima daljinskog grejanja

* Rashladnim postrojenjima sa amonijakom

18 maj 2011. Akademija inzenjerskih nauka Srbije 14
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360pHUK Npefasansa ogpxaHux y nepuogy 2011-2015.

18 maj 2011. Akademija inzenjerskih nauka Srbije

Industrijski
parni kotao

Parovod od parnog
kotla do razdelnika

kotao je pusten u
pogon nakon duzeg
zastoja,

na deonici 5 pre¢nika
DN 150 se nalazi merna
blenda sa srediSnjim
otvorom 90 mm

Nastajanje i udar vodenog ¢epa

18 maj 2011. Akademija inzenjerskih nauka Srbije
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360pHUK Npefasansa ogpxaHux y nepuogy 2011-2015.

Formiranje vodenog éepa u liniji kondenzata

*Brzina pare je zna€ajno veéa od brzine kondenzata
*Para stvara talase koji mogu da pregrade ceo protocni presek

*Stvoreni ¢ep udara o koleno ili ventil

18 maj 2011. Akademija inzenjerskih nauka Srbije 17

Udar vodenog cepa
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360pHKK NpenaBaka ogpxaHux y nepuogy 2011-2015.

Lom pregradnog ventila na izlazu iz kotla

18 maj 2011. Akademija inzenjerskih nauka Srbije 19

Mere zastite od udara ¢epa tecnosti

U cilju spre¢avanja udesa neophodne su mere koje
dovode do potpune drenaze parovoda. U tu svrhu
potrebno je:

+ obezbediti nagib svih horizontalnih deonica u pravcu strujanja
pare od 1:100 do 1:200,

» obezbediti drenazu ispred kolena kojima se parovod usmerava
navise, ispred pregradnih ventila, na niskim tackama parovoda,
na kraju parovoda i duz parovoda na medusobnim rastojanjima
rastojanjima od 25 m do 150 m (zavisno od konfiguracije,
izolacije, pre€nika...)

* po moguéstvu merne blende postaviti na vertikalnim, a ne na
horizonatlnim deonicama.

18 maj 2011. Akademija inzenjerskih nauka Srbije 20
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360pHUK Npefasansa ogpxaHux y nepuogy 2011-2015.

Izdvajanje kondenzata iz parovoda

DN1 . _ DNP

L > 250 mm
h=75mm

DN, 50 65 80 100 125 150 200 250 300 350 400 450 500

DN, 50 65 80 80 80 100 150 150 200 200 200 250 250

DN, 20 20 20 20 20 20 20 20 20 20 20 20 20

DN, 20 25 25 40 40 40 40 50 50 50 50 50 50
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Drenaza i zaobilazni vod na mestu pregradnog
ventila

18 maj 2011. Akademija inZzenjerskih nauka Srbije 22
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360pHKK NpenaBaka ogpxaHux y nepuogy 2011-2015.

Zaobilazni vod

—
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Vraéanje kondenzata iz parnog zagrejaca u
liniju kondenzata

pogresno ispravno
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Pogresno prikljuc¢enje na kolektor
kondenzata
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Ispravno prikljuéenje na kolektor
kondenzata
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Odnos specificnih zapremina parne i tecne faze
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Hidraulicki udar izazvan intenzivnom
kondenzacijom pare (1/2)
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Hidraulicki udar izazvan intenzivhom
kondenzacijom pare (2/2)
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Stevanovic, V., Jovanovic, M., Prica, S., Masl ic, M., C 1 water in thermal plants, Proceedings of the
11th Inter i Cor on Flow in Industrial Plants, Palermo, Italy, September 7-10, 2008, pp. 783-790.
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Hidrauli¢ki udar izazvan kondenzacijom pare u
termoelektrani
Para iz 10
turbine - 94
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& 34
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360pHKK NpenaBaka ogpxaHux y nepuogy 2011-2015.

Brzina napojne vode u usisnom cevovodu pumpe

Half length of the

-1

-2

Velocity (m/s)

-4

/feedwater pump suction

Inlet of the feedwater
pump suction pipe

-5
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Razlicite mere zasStite u sistemu napoje vode (1/3)

Mapa u3
TypouHe

Kougenszar

== Koupensar

Pesepsoap
HaIlOjHE BOfle

Ka KOThny

Bycrep mymna

['nasna
HanojHa TMyMIa

18 maj 2011.

Ventiliranje napojne pumpe kroz rasteretni
parovod ka napojnom rezervoaru

Akademija inzenjerskih nauka Srbije

34
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360pHKK NpenaBaka ogpxaHux y nepuogy 2011-2015.

Razli¢ite mere zaStite u sistemu napoje vode (2/3)

TTapa u3
TypOHHE

‘— Konpgenzar

Kongenzar

PesepBoap

HAMOjHE BOfE
TTomohna

nymmna °

Ka KOTIy

Bycrep mymmna

[nasna
HalojHa TyMIIa

Pomocna pumpa obezbeduje hladenje usisnog

cevovoda i pumpe
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Razli¢ite mere zastite u sistemu napoje vode (3/3)

ITapa u3

3AYCTABJ/BEHA
TypOuHe

3AYCTABIEH 5
Konpensat == Kongensar %‘ ~—
£ h N
; N —
i
PesepBoap s )
HANQJHE: BONE 3AYCTABJLEH

TOK Ka KOTIIy

Armoctepekn
EKCITAHfIep

Bycrep nymna
3AYCTAB/BEHA

Inasna
HAMOjHA MyMmna

3AYCTAB/BEHA

Isticanje vode iz potisne linijje pumpe ka atmosferskom ekspanderu,
primenjeno na TE “Nikola Tesla B” (M.Jovanovic, 1994)
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Uticaj nove sigurnosne mere
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« Akumulacija radiolitickog gasa
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Hydrogen incidents

Hydrogen accumulation and
explosion in the reactor
vessel head spray line of the
Brunsbuettel NPP on
December 14,2001 \

AN

R
()

Hydrogen accumulation and
explosion in the Residual
Heat Removal System of the
Hamaoka NPP on
November 7,2001

AVHC 20 Operbene MalMHCKNX Hayka
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Radiolytic gases accumulation and
explosion at the Brunsbuettel NPP

A spontaneous radiolysis gas reaction (ignition of
a hydrogen-oxygen mixture) occurred while the
plant was operating at full power, causing
destruction of the vessel head spray line.

Configuration of the
Spray system

flonge

- 5 -
P
——— 7/
/ /
> 7/
/
> /
failed by overpressure /

/ |
/ / drainsystem

4 /
TC035204 4/' ,‘/ TC035205
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The root of intensive radiolytic gases
accumulation at Brunsbuettel NPP

Check valve
St eam Steam
1 H Accumulation of
condensation in the e
subcooled water Sainreted
pool led to an watet
intensive radiolytic }
gases accumulation “
|
/& ‘
Cold water Satsutrea;;dawnzter,
003 TCo3 radiolysis gases
S204 5205 ¥
Separation of radiolysis gases
TCO3 : | 5833 V. Stevanovic, RADIOLYTIC GASES ACCUMULATION IN
402 i NON-VENTED PIPELINES OF LIGHT

WATER REACTOR SYSTEMS, TU Munich, 2006.
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Explosion model

Ignition
Products of combustion:
\g Hot steam ghee:k valve
Ignition ﬁgi
¢ Saturated Frljr:?e
Radiolyzed 8 water

gas Deflagration

Steam

Immediately before
detonation

- . Flame
Products of Detonation front
combustion:

Hot steam End of

detonatio  Detonatio

Pressure increased
to approximately 150 bar
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Consequences of the incident at Brunsbuettel
NPP

chek valve

«— break position 1

break position 4 break position 3 6 fingers
4 fi

1 finger ingers
i «— break position 2
II I 5 fingers

valve

valve
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Radiolytic gases accumulation and
explosion at the Hamaoka NPP

The incident occurred in the Residual Heat Removal System. The reaction was initiated during
the surveillance test when high pressure steam flowed into the pipeline with accumulated non-
condensable gases.

Steam MNon-condensable I—_I-V’E)c_ku-p_R}_—IEE Ge 7% Gas
e gas mixing ine A | — sampling

line

1 Non-condensable
| ges mixipg ne B

o

:87m B 4 tower
1

Full size mock-up -}Ii—g SR 3 = S PR >

—pn.
pipeline of the Quick open velve I Pressure
RHR Steam %Zg:ﬁ?:;t:m disturbance
. generator l;l valve

e 0,
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Kondenzacija u prisustvu nekondenzujuceg
gasa (1/2)
Hydrogen mass Oxygen mass . Temperature/°C
fraction fraction
| ]
00940 0.5304 260
00712 04778 238
-]
1 00483 0.3252 215
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00025 0.0200 170
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05
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0 0.015 o
RADIUS i m Time = 1st hour
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Kondenzacija u prisustvu nekondenzujuceg
gasa (1/2)

time = 3rd h T/°C
H 2 P 276
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Time =

B 23401
213158
I 182108

= 171.053
150
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o Dinzunices sile U parovodimz tarmozlacirrn
o rlidranlicsd udar U dyvofaznin sisizminz
o Ascurmnulzcljz radioliticog gasz
» “Zasusenje” nuklearnog generatora pare
> Prelaznl oroces U toolovodno] riraZ

o Dinziniz racda zcirmlaiors pars

18 maj 2011. Akademija inzenjerskih nauka Srbije 50

25 Operberte MalMHCKNX HaykKa



ANHC

360pHUK Npefasansa ogpxaHux y nepuogy 2011-2015.

HSG LAYOUT AND DISCRETIZATION

18 maj 2011.

Akademija inzenjerskih nauka Srbije

Horizontal Steam Generator of the WWER 440

51

HSG LAYOUT AND DISCRETIZATION (2/2)

Cold side

Hot side Peripheral
3k N tube bundles
F Central
2.5¢F tube bundles
2F
’g1 5 =
>
1k S HSG shell
05 b Feedwater
F B, injection
Ob_ — !
0 1 2 3
X(m)

T
10+
8,
E 6f
N [
Inlet header-
4,
: W
2f
ol
01 2 3
X(m)

Numerical grid with 21x21x11 control volumes

18 maj 2011.

Akademija inzenjerskih nauka Srbije

I Outlet header

Feedwater
injection pipe

52
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MODELLING APPROACH

» Transient, three-dimensional, two-fluid, porous media
based model.

» Application and development of closure laws.

* Numerical solution with the SIMPLE type numerical
method.
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Scenario of the loss-of-feedwater transient (1/2)
Specification of the transient’s scenario
Event Time

(O]

Start of the steady-state simulation 0

Valves at the feedwater line start to close 201

Feedwater inflow is terminated 250

Main circulation pump is disconnected 302

Reactor coolant reverse flow begins 324

Pressure on the shell side reaches the minimum 436

value

End of the transient simulation 900
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Scenario of the loss-of-feedwater transient (2/2)

Inlet primary coolant temperature

1.2 7 / |

1 ;
0.8 \ i N Pressure

0.6 ‘
0.4
/ Feed water flow rate
: |

Relative value
o
N
|

0 ‘ T ‘ ‘ ‘
-0.2 Primary coolant flow rate ~
-0.4 — / \
-0.6 - ‘
0 100 200 300 400 500 600 700 800 900
Time(s)

Forcing functions for the loss-of-feed water transient
simulation
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Water mass fluxes

ing, ICONE-10,

on Nuclear

Stevanovic, V., Stosic, Z., Kiera, M., Stoll, U., Numerical Simulation and
Analyses of the Loss-of-Feedwater Transient at the Unit 4 of Kola NPP,

Washington, D.C., USA, April 14-18, 2002

Proceedings of the 10th Int. C

(o))
(o2}
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Void distribution

Proceedings of the 10th Int. Conference on Nuclear Engineering, ICONE-10,

Stevanovic, V., Stosic, Z., Kiera, M., Stoll, U., Numerical Simulation and
Washington, D.C., USA, April 14-18, 2002

Analyses of the Loss-of-Feedwater Transient at the Unit 4 of Kola NPP,

Void distribution at several time instances during the loss-of-feedwater

transient in vertical plane near the hot header (z=3.7m)
18 maj 2011. Akademija inzenjerskih nauka Srbije 57

Steam mass flow rate at the outlet

. 128 1 = = 'Measured
' —
g 110 1 Calculated
2 90
< ,
s 70
g 50 N [ —
c% 30 i b *
= 10 e

-10 -

0 100 200 300 400 500 600 700 800 900
Time(s)
Measured and calculated outlet steam mass flow rates
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Water mass inventory on the shell side

40000
35000 +

30000 1
25000 1
20000 1

15000
10000 -
5000

Water mass (kg)

0 200 400 600 800 1000

Time (s)

Water mass inventory on the shell side of the HSG
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Position of collapsed level gauges based on
Ap measurements

RP 182 RP 188

Q Inlet header
Q— O Outlet header J:l:l

RP 208
4} RP 194

Position of collapsed level gauges based on Ap measurements.
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Swell and collapsed levels

2600
2400 v\\ = = 'Collapsed level,
N measured
— 2200 X Collapsed level,
E 2000 \ _e_calculated
5 a0 S Sl v
& 1600 - \
—
1400 1
1200 5 -
1000 * ‘ !

0 100 200 300 400 500 600 700 800 900
Time(s)

Swell and collapsed levels at the measuring location RP 188
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3D swell level position (1/3)

ol (/;,1 D) Swell level at 200 s (initial state of the loss-of-
feedwater transient) at the HSG of the Kola NPP
18 maj 2011. Akademija inZenjerskih nauka Srbije 62
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3D swell level position (2/3)

Swell level at 500 s during the loss-of-
feedwater transient at the HSG of the Kola

2
Hioy NPP
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o Dinzunices sile U parovodimz tarmozlacirrn
o rlidranlicid udar v dvotaznim sistzmine
o Axumulacijz radioliticicod gasa
- asusanje” nuddearnog gensraior ozre
* Prelazni proces u toplovodnoj mrezi

o Dinzuniscl racz ancimlziiora pzre
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SISTEM DALJINSKOG GREJANJA:
MAGISTRALA 3 TOPLANE "ZEMUN*

»Snaga toplane je 65 MW.

>Magistrala 3 ima preko 50 podstanica.
PSA

>veca stambena zgrada,

>potrosac toplote za grejanje,
»rastojanje do toplane 729 m.

PSB (5
”Partizan® =
sct

PSB

»sportski centar,

>potrosac toplote za grejanje i potrosne tople vode,
»rastojanje do toplane 1615 m.

PSC

>veca stambena zgrada,

L >potrosac toplote za grejanje i potrosne tople vode,
LEEMS »rastojanje do toplane 1718 m.
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Prostiranje temperaturskog talasa pri porastu
snage izvora

Toplana, izmereno
— —PS A, simulacija

= = PS B, simulacija
45 — - 'PS C, simulacija

o PS Aizmereno

o PS B, izmereno
40 A PSC i;mereno

0 20 40 60 80 100
Vreme (min)

IS

70 \\ 3

) = N S

65 [.\Jj qpxnﬂﬁha A%é«m; g

of ir BYEN ~ S

5 // of [ 2

C 60 i : ;

o r/'-’ D;Q/AA 9|

8 55 2, :
O

g S 2 3

|

g

N

<

3§

Stevanovic, V., Zivkovic, B., Prica, S., Maslovaric, B., Karamarkovic,
V., Trkulja, V., Prediction of thermal transients in district heating

systems, Ener:

Prostiranje temepraturskog talasa od toplane do potrosaca - poredenje
numerickih i izmerenih vrednosti. Prelazni rezim sa porastom snage toplane.
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Prostiranje temperaturskog talasa pri
smanjenju snage izvora

70
65 1
S —
60 - e iaﬂ‘ A
£a

55 v Y - £ 3
\o \ o a0
50 - \o m o Ay
o MNE 7o
45 \O o, o
A ANPN #OOOOO:;MA méDCD: %&3’ o

40 - Toplana, izmereno
— — PS A, simulacija
= = PS B, simulacija
35 - — - :PS C, simulacija

O PS Aizmereno
O PS B, izmereno

A PS Cizmereno
30 T

in district heating

Temperatura (C)

of thermal tr
systems, Energy Conversion and Management, 50 (2009) 2167-2173.

40 60 80 100 120 140 160
Vreme (min)

Stevanovic, V., Zivkovic, B., Prica, S., Maslovaric, B., Karamarkovic,

V., Trkulja, V., Predicti

Prostiranje temepraturskog talasa od toplane do potrosaca - poredenje
numerickih i izmerenih vrednosti. Prelazni rezim sa smanjenjem snage toplane.
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* Dinamika rada akumulatora pare
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Akumulator pare

. Steam charging Steam discharging .

M2 — T ] — M2 out

hain - ’iIXI: ha,out
Isolated

pressure vessel

Liquid water

hy; dischargin
i Liquid water ! ang

charging ] v
m1,out
h1,out
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Punjenje akumulatora pare

4.5 50
. 4.0 48
235 [~ 46 —
<30 | © 44
Jo) . Qo
£20 el
g 20 2 38 —r
=15+ 8 3 |
210 oy — Calculated
= 0.5 1 32 * Measured
0.0 ; ; ; ‘ ‘ ; 30 ‘ ‘ ‘ ; ; ; |
0 100 200 300 400 500 600 700 0 100 200 300 400 500 600 700
Time (s) Time (s)
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2159X7.1

. DN 150, NP160

DN 150, NP160
DN 150, NP160

2159X7.1

2267X7,1 284,85m/@267X7,1

DN 250, NPALM DN 250, NP40

R2

28,35m/3159X4,5
DN 150, NP40

28,35m/@159X7,1

Snabdevanje susare uglja
parom

18 maj 2011.
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DN 150, NP160

2
N

DN 150, NP100

DN 150, NP100

NFT00

DN 150, NP100 %?
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Snabdevanje susare uglja suvozasicenom

parom
10
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(el —_
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s A TN [\ [\ T\ o 24
Y A A W W 23\/\/\/\/\/
E 37 \/ \/\ \ gzz
2 f: \ 211
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Snabdevanje susare uglja pregrejanom parom
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E-mail: vstevanovic@mas.bg.ac.rs
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AKADEMIJA INZENJERSKIH NAUKA SRBIJE
Beograd, Maj, 2012.

RAZVOJ PROIZVODA | POSTULATI
TEHNICKO-TEHNOLOSKOG
NAPRETKA

Prof. dr Milosav OGNJANOVIC
Masinski fakultet
Univerziteta u Beogradu

SADRZAJ:

-Pojam novog proizvoda

-Istorijski procesi i postulati tehnoloskog razvoja
-Aktuelno stanje i predvidjanja

-Zakljucak

AVHC 38 Operbewe MalLMHCKNX HayKa



360pHUK Npefasansa ogpxaHux y nepuogy 2011-2015.

Pojam novog proizvoda

- Na nasim prostorima NE POSTOJI tradicija razvoja novih
proizvoda.

- Na globalnom nivou, a pogotovu kod nas postoji konfuzija u
pogledu znacenja ovog pojma.

- Ekonomski razvoj i socijalno stanje u drustvu je u direktnoj
korelaciji sa novim proizvodima koji su krajnji rezultat

tehnoloskog razvoja.

Politika
|

Sociologija
I

Ekonomija
|

Nauka—Tehnitke nauke—| [nZenjerski —PrO'ZVOd?efProizvodnja
dizajn tehnologije

Industrijski
dizajn

Umetnicki
dizajn

Ume‘tnost
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Stepen inovativnosti

18%

Pet nivoa inovativnosti

4% 1%

45%

Odnos broja inovacija odredjenog tipa

Adunka 04.07.174

® Individualno proglaseno
konvencionalno resenje (nivo 1)

@ Trivijalni pronalazak u okviru
postojecih reSenja (nivo 2)

O Pronalazak zamene u okviru
postojece tehnologije (nivo 3)

U Pronalazak izvan postojece
tehnologije (nivo4)

B Otkri¢e (nivo 5)

5
izvor: Terninko, Zusman, Zlotin
Nivoi inovativnosti
4. nivo
Aspekti problema 1. nivo 2. nivo 3. nivo Sinteza novog 5. nivo
Racionalizacija | Modernizacija Novi princip rSenja - Otkrice
pronalazak
Za zadatke Za skup ——
.- - Mnogi ¢inioci su . R
i . Za konkretne definisane sa neuskladjenih nepoznati, bez Primarni cilj je
Polazni uslovi Jadatke i nekoliko zadataka strukturalhih i nepoznat i nema
(podsticaji) parametre parametara i pl’lmenjL!quI samo funkcionalnin ar'\aloglge s“a
strukturalnom funkcionalnu analogiia drugim reSenjima
analogijom analogiju 9!

Res'urs_i za Resursi su Resursi nisu Resursi se mogu | Resursi iz razligitih Resursi su
resenje | otigledni i dostupni ocigledni ali izdvojiti iz drugih podru¢ja znanja, nepoznati
osoblje koje 9 : P postoje u sistemu sistema uz asocijativno i >poznat,

uz profesionalni . - N motivacija nije
problem - uz tradicionalnu razvojno kreativne -
pripremu N S . stereotipna
regava pripremu razmi$ljanje sposobnosti
Nivo slozenosti |  Z2datakbez Uobicajeni Neuobicajeni . . g
cewr . konflikta " X Ekstremni problemi Naro¢it problem
i teSkocéa (kontradikcija) problemi problemi
Nivo L . .
transformacije o Regenje Resenjc_a dof;_:ueno Propalazak_n_:lobuen o o
znania u Optimizacija Zasnovano na kombinacijom integracijom Naugni i tehnicki
_j, postojeceg reSenja tinicnoi analogiii inovativnih potrebnih tehnickih pronalazak
teh'n'c!‘o picnoj 9l metododa efekata
reSenje
Inicijalna promena Sustinska promena
. u strukturi i funkciji i Sustinska promena baznih efekata
Nivo Mala promena u Promena principa P . R
inovativnosti parametrima bez promene u rada - Novi princip postojecih sistema koja vodi
funkcionalnom - Pronalazak civilizacijséim
principu promenama

40
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Otkrice Pronalazak
Do sada nepoznati bazni Materijalni objekt ili njegovo
princip, cilj, svojstvo ili objekt u svojstvo koje do tada nije
materijalnom svetu postojalo u svetu ili je bilo
nepoznato

(Primer: elektromagnetni talasi)

(Primeri: radio, radiometrija,
televizija, internet, mobilna
telefoniija, .. )

Varijantno
resenje

Novi princip

Stanje

- Na globalnom nivou nedostaju naucna otkri¢a koja bi bila osnov
za razvoj novih proizvoda visokog stepena inovativnosti.
Zahvaljujuci tehnoloSkom nivou jos uvek se eksploatiSu naucna
otkri¢a iz 19. veka.

- Na nivou naseg okruzenja nedostaju trziste i kapital. Otvoreno
trziSte su zauzeli jaki i brendirani proizvodjaci koje je nemoguce
potisnuti. Treba prona¢i NOVE POTREBE i nove PROIZVODE
sa kojima bi se otvorila nova trzista.

- Svetska metalska industrija egzistira pretezno na proizvodniji
automobila. Dali tako moze dalje posto je trziSte prezasiceno
ovim proizvodima. Ako bi se pojavili novi izvori energije (nova
otkri¢a) bili bi stvoreni i novi principi i novi proizvodi.
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Istorijski procesi i
postulati tehnoloskog razvoja

Postulati
1. Nauc€na otkriéa i pronalasci
2. Novi izvori energije

3. Nove metode i alati za razvoj proizvoda

9

Istorijski trend u razvoju proizvoda
Pocetak 21-og
Nivo veka
proizvoda
)
Pocetak 20-og
veka ©
* o ° Ocekivani prelom
P
m
Anticko Renesansa
doba
* Vreme
10
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Anticko doba

Pythagoras, 580 — 500 BC

Socrates, 470 — 399 BC

Platon, 427 — 347 BC

Archytas of Tarent, 435 — 355 BC (~)
Aristoteles, 384 — 322 BC

Ktesibios, Alexandria, 285 — 212 BC
Archimedes, 287 — 212 BC

Heron, Alexandria, 20 — 62 AD

Marcus Vitruvius Pollio, 15t century, Rome

Doba Rimske imperije nije ostavilo tragove u
oblasti nauénog i tehni¢kog razvoja tj. odrzan je
tehnoloski nivo Anti¢ke Grcke. "

Socrates, 470 — 399 BC Aristoteles, 384 — 322 BC

Sokrat je bio prvi uditelj Aristotel je pokusao da
kreativnosti. Navodio je uCenike da  teorijski objasni potrebu za
stvaraju harmoniju izmedju principa eksperimentima i drugim
i koristi koje ljude €ine zadovoljnim, tehniCkim aktivnostima za

a da znanje sti€u (uce) na bazi sticanje znanja.
sopstvenog iskustva. Kompletno
znanje se ne moze dobiti samo iz
spoljnjeg sveta. 19
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Renesansa 1500-1600

- Novo rodjenje matematike, fizike,
mehanike i eksperimentalnog rada. §

- Nauka se oslobodila teoloskih
ogranicenja i zapocCela slobodni
razvoj.

- Eksperimenti su postali osnova
nauke i tehnike umesto metafizickih
principa. Leonardo DavincCi
prednjaci u oblasti razvoja tehnickih &
reSenja.

Leonardo da Vinci, 1452 — 1519 AD
13

Vek prosvetljenja 1700-1800

Christian Huygens (1629 — 1695) Talasna teorija svetlosti

Robert Hooke (1635 — 1703) Zakoni elasticnosti

Isaac Newton (1643 — 1727) Teorija emisije svetlosti

Leonhard Euler (1707 — 1783), Proracun varijacija

Karl-Friedrich GauB (1777 -1855) , Teorija gresaka

14
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Pronalazak parne masine krajem 18. veka

Devetnaesti vek — ek industrijalizacije, otkri¢a
i pronalazaka

Brewster 1814 birefringence effects in uniaxial crystals

Neumann 1841 relation birefringence / velocity of light

Doppler 1842 Doppler-effect

Wheatstone 1843 Wheatstone-bridge

Lord Kelvin 1850, 1856 effect of thermo-elasticity, relation resistance/strain
Maxwell 1852 mathem. formulation of stress birefringence relation
Tyndall 1870 scattering of light, very small particles

Lord Rayleigh 1874 1st description of Moiré-effects, scattering gratings
Michelson 1887 interferometer

A. Righi 1887 Moiré-effect, measurem. of relative displacements
Mach/Zehnder 1891 interferometer

Fabry-Perot 1897 interferometer

16
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Pocetak Dvadesetog veka

- PoCetak dvadesetog veka po industrijskom razvoju,
pronalazcima i otkricima predstavlja nastavak devetnaestog
veka. Plank, Kiri, Anstajn i dr. su produZili niz znacajnih otkrica
iz 19 veka. Nikola tesla, Braca Rajt i drugi poCetkom 20-tog
veka svojim pronalascima snazno su povecali gradijent
povecavanja broja pronalazaka iz 19-og veka.

- Povecanje obima industrijske proizvodnje primenom Tejlorove
teorije i uvodjenjem masovne proizvodnje primenom Fordovog
sistema, pojaCana je trziSna konkurencija i povecana potreba
za stalnim uvodjenjem novih proizvoda na trziSte. Sredina 20-
og veka otvara trku u uvodjenju novih proizvoda radi opstanka u
trziSnoj konkurenciji.

17

Sredina Dvadesetog veka

- Ubrzani industrijski razvoj u prvoj polovini 20-og veka nije
mogao da se oslanja na inspiraciju izuzetno nadarenih
pojedinaca oCekujuci nova tehni¢ka reSenja koja ¢e obezbediti
konkurentnost na trZistu. Krenulo se u razvoj metoda za
“Traganje” za idejama i reSenjima. Pocelo je 1920 godine sa
Metodom fokalnih objekata, Breinstorming (1940), Sinektika,
MorfoloSka analiza, Lateralno razmisljanje, Neuro-lingvisticko
programiranje i dr.

- Sedamdesetih godina 20-tog veka procedura razvoja proizvoda
i inZenjerskog dizajna je standardizovana (propisana) VDI
normama i definisana kao sistematski pristup. Tu se razvoj ovih
metoda ne zavrSava. Do sada razvijene metode za traganje za
idejama i reSenjima mogu se grupisati kao sto sledi.

18
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|Metode za pronalazenje reéenja|
" PP . . Inovacione Izbor i

konvencionalne intuitivne diskurzivne . o

tehnike rangiranje

« Istrazivanje * Brainstorming « Obi¢ne Seme * WOIS * ABC-Analiza
literature » Metoda 635 » Morfolo$ka * Scenario- * Tehno-

« Analiza « Delphi-Metoda matrica tehnike ekonomska
poznatih i * Sinektika « Katalozi *TRIZ analiza
prirodnih » Galery-Metoda » Ekolo$ka anal.
sistema ... » Ergnomska anal.

* Merenja, « Estetska analiza
Eksperimenti

Vrednosna
analiza
| Resenja
19

Kraj Dvadesetog veka

- Poslednju Cetvrtinu 20-tog veka odlikuje ekspanzija
kompjuterskih alata koji su izuzetno ubrzali inZenjerski i druge
oblasti dizajna.

- Pojavile su se ideje da se inZenjerski dizajn ili neke njegove
celine automatizuju. Ubrzo je uo€eno da to sputava kreativnost,
pa su pristupi kao $to su “Ekspertni sistemi” ubrzo napusteni
kao pravac daljeg razvoja.

- Predlozen je vedi broj metoda i pristupa koje obezbedjuju
skracivanje perioda razvoja i podizanje nivoa kvaliteta razvijenih
sistema (Virtuelni, Aksiomatski i drugi pristupi)

- Rezultat u vidu povecanog broja novih tehnickih reSenja nije
pratio porast broja predlozenih metoda. Kraj 20-tog veka
obelezila su varijante postojecih reSenja sa viSim nivoom
kvaliteta rada koji se ogleda u fleksibilnosti i inteligentnosti
zasnovani na ekspanziji informacionih tehnologija. -
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. | Anticko | Renesan Pocetak | Kraj 20.
Postulati 19. vek
doba sa 20.veka veka
novo
. - nastavak |nema
. pocetak rodjenje . .. .
Nauéna . - - brojna serije novih
Co baznih prirodnih o A S
otkricai L. . otkricai otkri¢a i otkri¢a i
. | otkriéa u nauka i .
pronalasci . . pronalasci | pronalaza | pronalaza
nauci eksperimen
ka ka
ata
shaga nema
o _|snaga shaga . .
Novi izvori robovai |ljudi i pare i SUS uel. |novih
energije | U | L0 L parne motor izvora
zivotinja |zivotinja .- -
masine energije
, . kreativnos | kreativno | €kspanzija
Nove pocetak kreativnost |, . . metoda i
tode i razvoja je tie stje i
e c e individual |individual | kompjuter
alati za teorije individualn skih alata
j kreativnos | o svojstvo no no ;
razvoj . L svojstvo | svojstvo | Za razvoj
proizvoda |ti pojedinca S S .
pojedinca | pojedinca | proizvnda

Aktuelno stanje

Aktuelno stanje (poCetak 21.veka) odlikuju integrisani i
multidisciplinarni pristupi, od kojih se o¢ekuje da budu podsticaj
nastanku ideja, potreba i reSenja.

Multidisciplinarnim i integrisanim pristupima nastoji se da se
uveca nivo kreativnosti pojedinaca i tima. Timski rad na
lokalnom i globalnom nivou usmeren je ka uvecanju kreativnosti
i efikasnosti u razvoju novih proizvoda.

Nastavlja se proces podizanja nivoa kvaliteta inteligentnosti
razvijenih (postojecih) tehnickih reSenja.

UsavrSavaju se vec razvijene metode u razvoju proizvoda i

dizajna.

Efekti i dalje nisu zadovoljavajuéi. Nije sasvim jasno dali su

efekti slabi zbog loSe ekonomske situacije, ili obrnuto.

22
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Vertikalno integrisanje Simultano (konkurentno)

inZenjerstvo

fompienest

Konstruisanje
(inZenjerski dizajn)
P ,
— Proizvodnja —

Vreme

Virtuelno (inZenjerstvo)
Kompleksnost dizajn

]
—
—
—

Oo

[ 1
Konstruisanje
(InZenjerski dizajn)

¥ 1

Proizvodnja O

t =

Vreme 23

Horizontalno integrisanje

Software

Robust
design

Biomimetric

Electronic

Horizontal
integration
of product

Aesthetic
design

Ergonomic
design

24
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Mreza za integrisani razvoj proizvoda

TimA
Metodologija inZenjerskog dizajna

Comp.-A

y Tim B
Tim B
Lty Comp.-C  yehanika fluida

Automatsko upravljanje

Comp.-B

Tim D

Comp-'D Tehnologija polimera in

Comp"E Proizvodni sistemi

N TimF Tim G
Comp' F Tehnologija primene Comp.-G Analize materijala

25

ROBUSTNI PRISTUP

Robust

pored ostalog znadi “izdrzljiv”, “neosetljiv”

Razvoj proizvoda se ostvaruje za definisane grani¢ne uslove
(prinude — constraints) koje se u toku eksploatacije mogu
menjati. Termin “robust” u ovom smislu znaci da se ove
promene ne uslovljavaju promenu svojstava proizvoda.
Proizvod je neosetljiv na promenu uslova u okruzenju.

Robustni dizajn je u neposrednoj vezi sa Aksiomatskim
dizajnom koji podrazumeva transformaciju potrebe funkcije i
ograni¢enja u konstrukcijske parametre pod odredjenim

uslovima 26
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VIRTUERNI PRISTUP

TRIZ

Skracéenica TRIZ potic¢e od Ruskog jezika i znadi Teorija Razre$enija Izobratiteljskih Zada¢ (Teorija
reSavanja konstrukcijskih zadataka). Postala je poznata po specifi¢nim stavovima u pogledu
traganja za konstrukcijskim i drugim resenjima

TRIZ inicira efektivna reSenja problema i sluzi kao podrska za probijanje
misaonih barijera u traganju za idejama.

* Provera inovativnosti

* Funkciona struktura prema TRIZ-u

* Analiza kontradikcija

* Pristup 39 tehnickih principa

* Pristup 40 inovativnih principa

* Tabela kontradikcija

* I[dealni konacni rezultat

» Substituciona analiza prema TRIZ-u

* ARIZ (Algoritam za reSavanje inovativnih
problema)

* Pravila za razvoj proizvoda

« 76 standardnih reSenja prema Altschuller-u 28
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Predvidjanja, kratkoroc¢na i dugoroc¢na

Osnove za predvidjanje

-Istorijski tokovi i zakonitosti
-Postulati formirani na osnovu istorijskih procesa
-Ocena uslova za otvaranje novih trendova

-Ocena karaktera novih tehnickih resenja

29

Trend u razvoju nauke i tehnologije

-Naucna otkrica koja su snazno pokrenula tehnoloki
razvoj dogodila su se na prelazu 19. i 20. veka. Posle toga nije
bilo velikog iskoraka u osnovnim naukama, produbljivana su
otkri¢ sa pocCetka 20. veka.

- Znanja o procesima u materijalima, o procesima u
bioloskim organizmima, u ljudskom telu posebno u mentalnoj
sveri, su veoma oskudna. Ova znanja bi jako pomogla i ubrzala
razvoj tehnickih sistema — novih proizvoda.

-Tehnologije su u svom razvoju ostvarile znagajan
napredak ali su zasnovane na postoje¢im nau¢nim otkri¢ima i
energijama. Mobilni telefon kao znacajno novo tehni¢ko reSenje
je zasnovano na elektromagnetnim talasima koji su otkriveni
krajem 19. veka. 30
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ZASICENOST

- Postoji na globalnom nivou konsensus o tome da je doslo do
opSteg zastoja u razvoju novih proizvoda i tehnologija i da je to
jedan od uzroka ekonomske stagnacije ili krize u svetu. Pokusaji
da se ovaj problem resi bez znacajnijeg tehnoloskog iskoraka,
teSko Ce biti efikasni.

-Prisutan je osecaj da su iscrpljeni resursi postojecih osnovnih
znanja. Potrebna su otkri¢a nepoznatih prirodnih procesa koja bi
donela nova znanja na koja bi se nadovezale nove tehnologije.
Nepoznatih podrucja u prirodnim i bioloSkim

- Na bazi sada postojecih znanja tesko je oCekivati vece
tehnoloSke iskorake. Oseca se prisustvo velike zasiéenosti u
pogledu iskoriS¢enja postojeéih znanja i postojecih izvora
energije

31

OCEKIVANJA

-Nanotehnologije su podrucje od kojeg se mnogo ocekuje. Do
sada su se tehnologije razvijale na bazi nauc¢nih otkrica. OCekuje
se da nanotehnologije omoguce prodor u nano svet i dovedu do
otkri¢a novih nau¢nih fundamenata prisutnih u materijalima,
bioloskim sistemima, novim izvorima energije, komunikacijama i
dr.

-Fuziona energija je buduci resurs od kojeg se oCekuje da
dovede do tehnoloske revolucije. O¢ekuje se da bude u
neograni¢enom obimu i u obliku koji ¢e odgovarati potroSacu.
Ukazace se potreba za novim tehnickim reSenjima koja su
zasnovana na novom principu stvaranja energije i novim
principima njene transformacije.

32

AVHC 53 Operberte MalMHCKNX HaykKa



360pHKK NpenaBaka ogpxaHux y nepuogy 2011-2015.

EVOLUCIJA ILI REVOLUCIJA

- Evolucija je proces kontinualnog i postepenog razvoja nauke i
tehnologije sa kojim se postepeno uvecava ili varira i ekonomski
potencijal. Proces tehnoloske i nau¢ne evolucije vec dugo traje.
Trenutno je ve¢ duze prisutan trend ekonomske stagnacije koji
Sto je verovatno posledica iscrpljenih moguénosti za razvoj novih
proizvoda na bazi postojec¢ih nauc¢nih znanja i tehnologija.

- Revolucija podrazumeva naglu ekspanziju tehnickih reSenja
kada potencijali toliko narastu da se postepeni prelaz ne moze
obezbediti ili se otme kontroli. Otkri¢e novih izvora energije,
novih prirodnih zakona i tehnologija, novih metoda i reSenja, kao
i potreba za ekonomskim iskorakom, mogu u kratkom vremenu
dovesti do tehnoloSkog prevrata (revolucije) tj. do otvaranja
novih tehnoloskih podrucja i trendova u razvoju novih proizvoda.
Svaka revolucija pa i ova pre nego dovede do prosperiteta
stvara izuzetno bolne ekonomske i druge posledice. 33

llustracija tehnoloske revolucije

PRODUCT
DEVELOPMENT
RESORSES
INCREASE

PRODUCT
BARRIER

Posledice

-Eliminacija postojecih tehnickih reSenja i zamena novim
-Ekonomsko previranje medju vlasnicima kapitala
-Transformacija znanja i vestina korisnika tehniCkih sistema sa
ekonomskim posledicama u odnosu na pojedince i populaciju.
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Zakljucak

1) U naSem okruzeniju je potrebno stvoriti oseéaj o potrebi za
razvoj novih proizvoda jer je to imperativ ekonomskog i
drustvenog napretka.

2) Razvijene efikasne metode i alati za razvoj proizvoda ostali
su bez znacajnih tehnickih reSenja koja bi time bila stvorena.
Potrebno je da budu zadovoljena i druga dva postulata za tu
svrhu.

3) Ovo stanje moze promeniti otkrice novih izvora energije i
novih znanja u materijalnom i bioloSkom nano-svetu.

4) OCekuje se transfer bioloskih principa u tehniCke sisteme
koji Ce potisnuti vecinu postojecih mehanickih sistema. Ako
je 20. vek bio vek fizike ocekuje se da 21. vek bude vek

biologije. .
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TEXHUYKO - TEXHOJIOLLKE
KAPAKTEPUCTUKE BOOHOI
CAOBPARAJA HA HALLEM OENY
AOYHABCKE MJIOBHE MPEXE

[Npogh. Op Brnadema Yonuh, duns. uHx.

pedosHu rpogecop CaobpahajHoz hakynmema
YHueepsumema y beoepady, y neH3uju

dornucHu 4naH Akademuje UHXeH-epcKux Hayka Cpbuje

Mpepasawe Ha CemnHapy Akagemuje 13.06.2012. r.

TEXHNYKO — TEXHOJIOLWKE
KAPAKTEPUCTUKE BOOHOIr CAOBPARAJA HA
HALLEM AOENTY OYHABCKE MJIOBHE MPEXE

* Y OKBMPY TEXHUYKO — TEXHOSMOLLKMX KapakTepucTuka
BOAHoOr caobpahaja Ha Hawwem geny [lyHaBcke NnoBHe
Mpexe (MNoBHWM NyTEBU KOjU Npunajajy LpHOMOPCKOM
cnuBy) 6uhe peumn o nnosHoj mpexu y Cpbuju, nykama u
rnpucmaHuwmumMa Ha TOj MPEeXU Kao 1 0 HaluMm
8pcmama niio8HUX cpedcmasa Koja nNnoBe TOM MPEXOM

N OMCIYXYjy NyKe U NpucTaHuwTa Ha NOMEHYTO] MIOBHO]
MPEXMU.

* Ha kpajy he ce patu eeHepanHa SWOT aHanu3a Hawea
peyHoz caobpahaja ca OCHOBHUM yusbesuMma U
npuHyunuma dasbe2 passoja.
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|. MIJTOBHA NMPEBO3HA CPEAOCTBA —
EPOOOBU YHYTPALLUHE MJNTOBUABE

Y okBMpy OBOr nanarawa buhe peun o cnegehem:

1.PEYHU NMYTHUYKN BPOOOBU

2.PEYHN TEPETHW BPOOOBU
— 2.1.MOTOPHU TEPETHALIN
— 2.2.TEPETH:AUM BE3 COIMNMCTBEHOTI NMOIroOHA

3.PEYHN MOTOPHU TEINTBAYUA (,PEMOPKEPI")

4 PEYHU MOTOPHWM NMOTUCKMNBAYN

5.6POJHO CTAHE PEYHE NPUBPEOHE ®JIOTE
CPBWJE Y 2010. rOONHN

6.0CHOBHUW TEXHOJOWKWN CUCTEMU NMPEBOXEHA
Y CABPEMEHOM PEYHOM CAOBPATRAJY

1. PEHHW INMYTHNYKN BPOOOBIA

> A -

T — o S
W e A
-_'F..-. PEREER

LyHaecku nymHu4Yku mypucmu4ku 6pod — 6pod ,xomen*
(kpy3ep)
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1. PEHHW NMYTHNYKN BPOOOBIA

Xuppobyc ,HerotuH* (L, = 26,80 m; B, = 5,52 m; T, = 1,05 m6poj nyTHUYKNX
mecTa 150; v = do 25 km/h; N, ., = 2x85 KS = 125 kW )

1. PEHHU NMYTHNYKN BPOOOBIA

MyTHWMYkM 6pog ,KoBnH" L =2,4 m; B = 5,6 m; T =1,30 m)
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2. PEYHW TEPETHW BPOOOBW
MoTopHM TepeTHaLm 3a NpeBo3 CyBOr TepeTa

T 1 1 P g Y S S A
— 1 e E

HaupT camoxogHor MOTOpHOr TepeTH-aka ca ABa BaHOpoacKa
,lloten-nponynsopa“ (L, = 79,80 m; B, = 9,80 m; T,,, = 2,80
m; Q, = 1580,0 t; v = od 13-15 km/h; N, = 2x331 kW )

inst

2. PEMHU TEPETHW BPOLOBW
Bpoaosu 3a NpeB0O3 TEYHOr TepeTa (TaHKepn)

[yHasckn moTopHu TaHkep (L,
2,62m; Q,=1140,0t; N

00m;B,=8,20m; T, =
0 )

=8
= 960 KS = 706,56 k

=

inst
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2. PEMHU TEPETHW BPOOOBW
bpoaoBu 3a npeBo3 nocebHnx TepeTa
KoHTejHepckn bpoaosu

'
TINA Whardun

-}J,y'H BKKHTejHeCKI/I_ 6poa (hLa=-95,0 m; Bf 11,40 m;
Tm= 2,50 m; Q= 1785,0 t; kanauutet 192 TEU;
N o= 2x615 KS = 2x452,64 kW)

2. PEYHN TEPETHW BPOLOOBW
Bpoposu 3a npeBo3 nocedbHux Tepeta Ro-
Ro-Ro 6pogosu

(L,= 114,0 m; B,= 22,80 m; T,,,= 1,65 m; T,,= 1,00 m; H,= 3,30 m;
H,,= 6,80 m; V= 3130,0 m3; Q= 1530,0 t; N, = 2x793,0 kW)
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2. PEHHUW TEPETHW BPOOOBW
TepeTHauu 6e3 concTBeHOr NOroHa
TerroeHu TepeThaum (TerrbeHuue)

o\F

[lyHaBCKu TermeHu TepeThak (TerreeHnua), Ly, = 72,20 m;
Byv= 10,0 m; T,,= 2,10 m; H, = 2,50 m; Q,= 1000,0 t

2. PEHHUW TEPETHW BPOOOBW
TepeThauun 6e3 concTBeHor NoroHa

[MoTuckmMBaHn TepeTaum (NOTUCHMLE)

th_‘ T P (G P P S S el R
W e i
=

F:F.%—L_E‘_'}g ............ '.‘ = e "“-—_—.:‘.-:.‘_‘;-_; .....

|

e

®

1 S S B s

[ ] 14} o

[lyHaBCKM HECMMETPUYHM NOTUCKMBAHW TepeTHaK
(notnchHuua), L,=67,0 m; B,=10,2m; T,,= 2,30 m; H, =
2,60 m; Q= 1200,0t
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3. PEYHU MOTOPHMW TEMTbAUM
(,PEMOPKEPU")

[yHaBcku Terrbay ca Asa nponenepa, L,= 55,05 m;
B,=8,31 m; T,,= 1,60 m; H, = 2,65 m; N, = 2x780 kW

4. PEHHU MOTOPHU NMOTUCKNBAYN

MoTopHu noTuckmead ,BuHogon®,
(L,=30,0 m; B,=9,22 m; T,,= 1,70 m; N, ;= 2x380 kW)
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5. BPOJHO CTAWE PEYHE NMPUBPEOHE
OJIOTE CPBUJE Y 2010. TrOOQNHN
Bpcra 6pona - Ioroncka | Hocuocr Bpoj
poJ cHara (kW) (t) MY THUKA

1.IlyTHMYKH 3 922 / 104
OponoBu

2. Moropin 24 27506 / /
NOTHCKHBAYH

3. Moroprn 17 7049 / /
Tersbaun

4. Moropu 39 14058 38594 /
TepeTHhanu

5. TersbeHuIe 46 / 37266 /

6. loTucHuIe 186 / 237687 /

b2 312+3 |48613+922 | 313547 104

6. OCHOBHWN TEXHONOWKWN CUCTEMU
NPEBO>XEHA 'Y CABPEMEHOM
PEYHOM CAOBPARAJY

Cucrem npeBoXXewa TerfbEHNM CaCtaBnMa
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6. OCHOBHWN TEXHONOWKWN CUCTEMU
NMPEBO>XEHA 'Y CABPEMEHOM

PEYHOM CAOBPARAJY
CucteM nNpeBoXeha NOTUCKMBaHNM cacTaBnMa

6. OCHOBHW TEXHOJTIOWKWM CUCTEMU
MPEBOXXEHA Y CABPEMEHOM PEYHOM
CAOBPATRAJY
CucTtem npeBoXeHha MOTOPHMM TepeTHaunma

MoTopHu TepeThak ,Jenurpan”“ Ha [yHasy (L,= 95,06 m;

B,= 11,05 m; T,,= 2,70 m; D, = 2489,91 t; Q, = 1891,59 t;
Ninst= 2x868 KS = 2x636 kW )
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6. OCHOBHW TEXHOJTOWKWM CUCTEMU
MPEBOXXEHA Y CABPEMEHOM PEYHOM
CAOBPATRAJY
CucTtem npeBoXXeHa MOTOPHMM TepeTHaunma

ij‘__,ﬁ:' S . e tmj
| R I ) W e M N ==
‘ \ R —
rug? x - * = aiH 6] o —. R [ #i>s
{m] o/ SCAERBTES LSRR JL § ;L: L —_—t =T — .___‘:. 5
_H i ; . . A._gu'_'_ e ) —. o

Cknon MOTOpHOT TepeThaka u notucHuue (tTun ,EBpona®)
MOTOpPHU TepeTwak: L,=84,8 m;B,=11,0m; T,,=2,4m; H, =2,8m
Dm =2489,91 t; Q, = 1891,59 t; Ninst= 1012 kW; v = 14 km/h.
notuncHuua: L,=76,5m; B,=11,4m; T, =24 m; H, =2,8m

11.MIOOYHABCKU MioBUOBEHN CUCTEM
OYHABCKA MJIOBHA MPEXXA

Y okBupy oBOr n3narawa 6uhe peun o cnegehem:

1.0CHOBHE KAPAKTEPUCTUKE
2.PEKA IYHAB

3.PEKA CABA

4. PEKA TUCA

5.MNOBWABEHN CUCTEM YHAB-TUCA-
AYHAB (ATL)
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1. OCHOBHE KAPAKTEPUCTUKE

A

Mpexa yHyTpallukux nnoBHux nytesa Cpbuje

1. OCHOBHE KAPAKTEPUCTUKE

an/IKa3 OYX1HEe NIOBHUX NMyTeBa Yy 3aBMCHOCTU O HOCMBOCTU niioBuna

VYkymnHa HyxuHa BomoToka (km) moromHa 3a mioBUaOy
Iy>KHUHA IUIoBMIIa ciieiehix HOCHBOCTH

Bonorox s oy | 20150t [10400¢ [20650¢ [0 1500 [>1500
JyHas 588 588 588 588 588 588
Casa 207 207 207 207 207 -
Tuca 164 164 164 164 164 -
Tamu 3 3 3 3 3 -
XC (ATH) 600 342 321 321 321 -
Vkymao(km) 1562 1304 1283 1283 1283 588

AVHC 66 Operbewe MalLMHCKNX HayKa



360pHUK Npefasansa ogpxaHux y nepuogy 2011-2015.

1. OCHOBHE KAPAKTEPUCTWUKE

lMnoBHU NyTEBM MefyHapOAHOr 3Ha4aja y yHyTpallhum Bogama
Cpbuje cy yHyTpaLlkK NOBHY NyTEBM Ha KojuMa Baxu MehyHapoaHa
nnosuaba nnu nnosuaba Hajmame jegHe cTpaHe apxase. Kog Hac
TakKaB CTaTyC Mmajy TPpWU NIrIOBHE peke:

— Peka [JyHas, Ha uenom cBom TOKy Kpo3 Cpbujy og
cpncko — mahapcke rpaHuue, km 1433 go ywha
Tumoka, km 845,5;

— Peka Tuca, og mahapcke rpanuue, km 164 go ywha'y
OyHas, km 0,00;

— Peka Caesa oa xpBaTCKO — cpncke rpaHuue, km 207
0o ywha y lyHas, km 0,00 (kog Beorpaga).

Hawa HajsaxHuja mehyHapoaHa peka je [lyHaB Ha KOMe ce TOKOM
roguHe octBapu 80 — 90% yKynHOr peyHor npomMeTa y Hac.

2. PEKA IYHAB

Paoland
Germany

Zzech Republic
Regenburg

Slovakia

Ukraine

Romania

P

Danube Research 1998
www.danube-researc h.com)|

[Mpukas Toka [lyHaBa kpo3 10 eBporckux semarba
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360pHUK Npefasansa ogpxaHux y nepuogy 2011-2015.

3. PEKA CABA

«[ly>xnHa Case nsHocu 950 km. noBHa je y
ayxuHm og 587 km (Cucak) go ywha vy
HyHas(beorpag) km 0,00. HbeHa ykynHa
nosplKnHa cnvea oa 95500 m2 Hanasu ce Ha
Teputopujn Hekagawre COPJ (CrnoseHuja,
XpBatcka, bocHa n XepuerosuHa un Cpbuja).

*Ha Teputopujun Cpbunje peka Casa nma gy>kvHy o
207 km, T1j. og ywha kog beorpaga (km 0,00) go
rpaHuue ca XpBaTcKkoM Kog mecTta [leBojayka
Kyna — JameHa (km 207,00).

4. PEKA TUCA

*Peka Tuca je kpo3 Cpbujy nnoBHa y AYy>XUHU oA
164 km (og ywha y [lyHaBs kog CrnaHkameHa ( km
[yHaBa, 1215) no cpncko — mahapcke rpaHuue).
MHaye Twuca je nnoBHa Ao mecta Tokaj y
Mahapckoj , km 532 og weHor ywha y [lyHas.

*YKynHa noBpLUMHA CANBHOT Nogpy4ja U3HOCKU OKO
158.000 km2. CnnBHO noapyyje Tuce npocTupe
ce Ha net gpxasa (YkpajuHa 8%, PymyHunja 48%,
Cnosayka 9%, Mahapcka 30% n Cpbuja 5%).

«Ca nnoBHUM KaHanom [lyHas-Tuca-[yHas (ATA)
Tuca je noBesaHa 6poaCcKkOM NPEBOAHNLOM KO
Hosor beuveja.
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360pHUK Npefasansa ogpxaHux y nepuogy 2011-2015.

5. MNOBWABEHW CUCTEM OYHAB-
TUCA-OYHAB (OTA)

*Cuctem AT 4ymHM Mpexa NpupoaHMUX BOAOTOKA
(o4 Kojux je BehnHa kaHanucaHa) n mpexa
BelUTayknx KaHana, y ykynHoj ayxuHu og 930 km,
of yera ce 600 km ogHOCK Ha MpeXy MNOBHUX
nyTesa.

*Y norneny nnosuade Ha kaHany [lyHas — Tuca —
[yHaB, a y 3aBUCHOCTU O AMMEH3Nja KaHana,
NnocToje Tpu TMna MepoLaBHUX MroBuna Yuvja je
HocmBocT: 1000 t, 500 t 1 200 t.

(aumensuje: L = 72,00;59,10;34,0 m;

B =10,0;7,20;5,80 m; T = 1,95;1,80;1,30 m)

5. NMIOBNABEHU CUCTEM
OYHAB-TUCA-OYHAB (OTH)

w B

|
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OcHoBHa kaHarncka mpexa Xugpocutema 0T/
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360pHUK Npefasansa ogpxaHux y nepuogy 2011-2015.

5. MNOBWABEHW CUCTEM OYHAB-
TUCA-OYHAB (OTA)

NPUKA3 KAHAJIA AT 3A NNoBUABY BEPOOOBA O1 1000 t

HyxwnHa kanana (km), 3a miuoBuia

Hasup kanana HocuocTd 1000 t
Beuej-borojeBo 82.20
Bpbac-be3nan 6.30

Hosu Can-Casuno Ceno 39.10
Onamu-Combop 27.90

banarcka [ananka-HoBu beuej 147.30

berej 34.80

YkynHo: 337.60

OY>KUHA KAHANA 3A MNIOBUNA HOCUBOCTW Of 500 t UIBHOCU 215,3
km, A 3A MJTIOBUIIA Of1 200 t USBHOCWK 45,8 km. YKYTIHA OY>KUHA
MIOBHNX KAHAJTA USBHOCMU 598,7 km

. TYKE N NMPUCTAHULWITA HA YHYTPALLHWM
N1oBHAM MNMYTEBUMA CPBUNJE

ASRTIN

__LEGEND
CE — MAVIGABLE RIVER ol PREVOCNICOM TE wir 2
. e s = P >

[Monoxaj nyka Ha yHyTpaLHUM MI0BHUM
nytresuma Cpbuje
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360pHKK NpenaBaka ogpxaHux y nepuogy 2011-2015.

1.Jlyka ,HAMNPEOAK®, AnatnH (km 1401, Ha
nesoj o6anu [lyHaBa) — KaHasncku Tvn Jiyke

2.Jlyka ,0YHAB" borojeso (km 1338 Ha
nesoj o6anu [lyHaBa) — OTBOPEHN TUM NyKe
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360pHKK NpenaBaka ogpxaHux y nepuogy 2011-2015.

3.Jlyka ,BAYKA TNAJIAHKA® ba4ka lNanaHka
(km 1295, Ha neBoj obanu [lyHaBa) —
GaseHCcKku TUn nyke

4.Jlyka ,HOBUW CAL" Hoeu Cag (km 1253,
Ha neBoj obanu [lyHaBa) — y kanany AT/
(CauHo cenrokm 0.4)
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360pHKK NpenaBaka ogpxaHux y nepuogy 2011-2015.

5.Jlyka ,BEOIPAL" beorpaa (km 1168, Ha
AecHoj obanu [lyHaBsa) — 6a3eHCKM TUM fyke

6./lyka ,JJYHAB* NaH4yeBo (km 1153, Ha neBoj
obanu [lyHaBa) — 6a3eHCKu Tun nyke

AVHC 73 Operberte MalMHCKNX HaykKa



360pHKK NpenaBaka ogpxaHux y nepuogy 2011-2015.

7 Jlyka ,KOBUH" KoBuH (km 1108, Ha neBoj
obanun [lyHaBa) — 6a3eHCKM TUN nyke

lMpocTop 3a nsrpagky nyke
nsHocu 60 ha. baseHckor je
TMNa ca akBaTopujom
nospwwmHe 10 ha, oybuHe
6m n 4 mecra 3a
jeaHoBpeMeHun npuees
nnosuna. Npeasuhexa
AyxuHa keja je 600 m. Jlyka
nMa y nnaHy narpagmy
2.000 m enes3Hn4Knx
Konoceka.

8.Jlyka ,CMEOEPEBO" Cmenepeso (km 1116
— cTapu geo, km 1111 — HoBM geo, Ha
aecHoj obanu [lyHaBa) — OTBOPEHU TUN NyKe
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360pHKK NpenaBaka ogpxaHux y nepuogy 2011-2015.

9.Jlyka ,[IPAXOBO" npaxoso (km 861,
aecHa obana [lyHaBa, Ha n3nasy 13 Halule
3eMrbe) — 6aseHCcKM TUM nyke

10.Jlyka JIETET" Cpemcka Mutposuua (km
133, Ha neBoj obanu CaBe) — baseHCcKu
VN NyKe
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360pHKK NpenaBaka ogpxaHux y nepuogy 2011-2015.

11.Jlyka ,lLUABAL" Wa6bay (km 98, necHe
obane CaBe) — 6a3zeHCKM TUM nyke

MpensuheHun npocTtop 3a
pa3Boj CnobogHe 30He
,=Llabay" s3acHoBaH je Ha
npupoaHom 6aseHy ca
aKBaTOPMWjOM NOBPLUNHE
4.5 ha, gybuHe 12 m n ca
4 mecTa 3a jeAHOBpEMEHU
npuees nnosuna.

- CnobopaHa 30Ha 3ay3uma
noepLuvHy oa 34 ha.
[y>XnHa XenesHn4Knx
Konoceka je 2.751 m.

12.Jlyka ,COMBOP* Combop (km 29, Benukn
Bauku kaHan OT[) — kaHancku Tun nyke
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360pHKK NpenaBaka ogpxaHux y nepuogy 2011-2015.

13.Jlyka ,[TOTUCJE" CeHTa (km 122 gecHe
obane Tuce) — OTBOPEHU TUIM NyKe

IV.'eHepanHa SWOT aHanunia Hawer peyHor
caobpahaja ca OCHOBHUM LMIbEBMMA U
NpvHUMNUMA Oarber passoja

SWOT aHanusa npeacraBrba aHanuTUyKy MeToay Kojom ce
AedUHNLLY KpUTUYHW haKTopy Koju nMajy Hajsehn yTtuuaj Ha
nocnoBake npegyseha unm Heke npuBpeaHe rpaHe Ha TPXULWTY. OHa
ce obaBrba Kpo3 MaTpuuy Kojy YnHe 4 enemeHTa:

S — Strengths (cHare),

W — Weaknesses (crnaboctu),

O — Opportunities (waHce n moryhHocTw),
T — Threats (onacHocT\ 1 NpeThe).

lMo4eTHa cnoBa oBUX enemeHaTa (Ha eHrfIeckoM je3nKy) Aajy HasvB
oBe metoge — SWOT. CHaee npeactaBrbajy No3nTuBHE, a crnabocmu

HeraTuMBHe yHyTpallhe akTope. LlaHce npeactaBrbajy No3UTUBHE, a
rpemre HeraTuBHe cnosballke akTope.
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360pHUK Npefasansa ogpxaHux y nepuogy 2011-2015.

FEHEPAJIHA SWOT AHAJIN3A - CHATA,
OHO LUTO YMHW JaHallH-e pecypce 3a
oyanhn nocmaTtpaHu pasBo;.

*[locmaTpajyhu nocrneawunx geueHnja pa3soj peyHor,
APYMCKOT 1 XXene3HWYKOr TpaHcnopTa, Y BOAHOM
npeBoxeny ce oceha Hajsehn nopact NPoAYyKTUBHOCTMW.

*Taj Hanpeak je pe3ynTaT 3Ha4yajHOr TEXHUYKOr pa3Boja
Koju je omoryheH nojaBsom cactaBa NOTUCKUBAHUX
TepeTHaka Kao M BEMUKUX CAMOXOOHUX MOTOPHMUX
TepeTHaka.

FEHEPAJIHA SWOT AHAJIN3A - CHATA,
OHO LUTO YMHW JaHallH-e pecypce 3a
oyanhn nocmaTtpaHu pasBo;.
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360pHUK Npefasansa ogpxaHux y nepuogy 2011-2015.

FEHEPAJIHA SWOT AHAJIN3A - CHATA,
OHO LUTO YMHW JaHallH-e pecypce 3a
oyanhn nocmaTtpaHu pasBo;.

_—

FEHEPAJIHA SWOT AHAJIN3A - CHATA,
OHO LUTO YMHW JaHallH-e pecypce 3a
byoyhmn nocmartpaHu pasBoj

Peunun caobpahaj y ogHocy Ha apyre BuaoBe
TpaHcnopTa UMa HajHuUXXxe mpowKose Mo MoHU
rnpeseseHe pobe, 3axmesa MaH-€ M020HCKe
eHepauje, Hajmare padHe cHaze, a makohe
u3asuea u Hajmar-e wmemHux rocreduya (byka,
3azaljusare xusomHe cpeduHe, Hecpehe).
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360pHUK Npefasansa ogpxaHux y nepuogy 2011-2015.

[EHEPAJIHA SWOT AHAJINGA -
CINIABOCTW y pasBojy BogHor caobpahaja
y Cpbujn

*3acTapenocT u Heogp)KaBaH-€ pacnonoxmsee ornoTe, HEHO CTanHo
CMatbMBakbe U HeobHaBbake HOBUM BPOLOBUMA;

*Henoctojane Ro — Ro TepMuHana Hu y jedHoj nyum Ha yHyTpalliUM NIOBHUM
nytesuma Cpbuije;

*HepocTatak manux cneuunjannm3oBaHnx NPUCTaHULLITA Ha YHYTPaLUHUM
nnoBHUM nytesnma Cpbuje, kao 1 Ha NNOBHUM KaHanuma [dyHae — Tuca —

Aywas (OTA);

*Manu 6poj caBpeMeHMX CaMOXOAHNX TePETHaKa;

*HeperynuncaHocT 3a nnoBuaby Beher gena nnoBHux kaHana OTM;
«[lenumMunyHa pa3BnjeHOCT MHPOPMALIMOHOr CUCTEMA Y TPAHCMOPTHO] U NTYYKO]
AenaTHOCTY;

*HenocTtojare opraHv3auuje Tpxxulita y BogHoMm caobpahajy (Hema 6ep3ae
TepeTa, NPeBO3HMX KanaumTeTa, kao HMp. y EBponu — ®paHuycka).

FEHEPAJIHA SWOT AHAJTN3A -
MOI'Y'RHOCTW — noteHumnjan koju Cpbuja moxe
Oa octBapu y bygyhHocTu y cmucry cBor pasBoja

*dopmmparnem BogHe caobpahajHuue og Potepaama ao
CynuHe ykynHe ayxuHe og 3.505 km, oa yera Ha Cpbujy
otnaga 588 km, cTBOpeHu cy nssaHpeaHu ycnosu 3a
peadupmaunjy BogHor caobpahaja y Halloj 3emMrbu y ckrony
cpnckor caobpahajHor cuctema u wmpe.

*N3rpagoM OBe MarncTpare Hawmm dpogosuma ce
oTBapajy nnosHu nytesn ®paHuycke, benrnje n XonaHawje,
a npeko kaHana y Hemaukoj n oo octanux nogpydja
3anagHe Epone.
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360pHUK Npefasansa ogpxaHux y nepuogy 2011-2015.

FEHEPAJIHA SWOT AHAJTN3A -
MOI'Y'RHOCTW — noteHumnjan koju Cpbuja moxe
Oa octBapu y bygyhHocTu y cmucry cBor pasBoja

GRANDES VOIES FLUVIALES
EUROPEENNES

FEHEPAJTHA SWOT AHAJIN3A - NMPETHSE koje
4YnHe moryhy npenpeky Ha nyTy oCcTBapera
MoryhHocTu pasBoja

*HeunsBecTtaH nonoxaj 6pogapckux npeayseha,
BGpogorpagunuwiTa u niyka y nepuogy npmsatmsauuje
(y EBponu nyke HMUCY NpuBaTU30BaHe);

*bpogapcka npenyseha n 6pogorpagunuwiTa ce
3atBapajy, nyke BeNMHOM MeH-ajy CBOjy HaMeHY;

*HegeduHmncaHm pobHn TokoBM y gomahem n
TpaH3nTHOM pobHOM caobpahajy.
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360pHUK Npefasansa ogpxaHux y nepuogy 2011-2015.

IV.'eHepanHa SWOT aHanunia Hawer peyHor
caobpahaja ca OCHOBHUM LMIbEBMMA U
NpvHUMNUMA Oarber passoja

OCHOBHUW LUATBEBU U NMPUHLUATA
OATBEI PASBOJA BOOHOI
CAOBPARAJA Y CPBENIU

Y npunpemamy 1 TEXHUYKOj 0Bpaaun oBor npeaaBak-a
yyecTBoBanu cy u YnaHosu Oaceka 3a BogHun caobpahaj u
TpaHcnopT CaobpahajHor dhakynTeTa YHuBep3auTeTa y
Beorpagy:

Mpod. ap 3natko XPJIE

Mpod. ap KatapuHa BYKAAMHOBUH
Mp Anekcangap PAOOHUH

Op Bnagucnas MAPALL

Mp Oanujena NJEBYEBUH

Kao n leana BYKUREBWR, cTtyneHT MacTtep ctyanja Ha
Opceky 3a BogHu caobpahaj n TpaHcnopT

XBana BamM Ha nawu!
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360pHKK NpenaBaka ogpxaHux y nepuogy 2011-2015.

AKkagemMmuja UHXeHepPCKUX

Hayka CpOuje
\RP J
Mpod. Op bowko Pawyo

MpucTtynHo npepnaBake, 6. ®ebpyap 2013.

i
oL

-PofjeH cam 28. maja 1949. roguHe y Beorpany.

-OcHOBHY U cpefby LWKONy 3aBpwmo cam y Beorpaay 1968.

-dunnomupao cam Ha MawmHckom chakyntety y Beorpaay, cmep 3a
AepokocmoTexHuKy 28. jaHyapa 1974. roa. us aepogMHaMuke BenMKUX Op3uHa,
ca TemoM: Busyanusauuje Haa3BYUYHUX CTpyjarba U NpojeKkToBama ypehaja 3a
BU3yanusauujy.

-Jow kao crypeHT, 1973. roauHe, noyeo cam pa pagum Ha MawMHCKOM
c¢akyntety y okBupy JYP-a 3a AepoTexHuKy Ha npojekty aBuoHa YTBA-75y
CBOjCTBY UCTpaXMBaya-capagHuka.

-Y 3Bambe acucTeHTa-npunpaBHMKa nsabpaH cam 1975. ron. Ha uctom dakynTery.
-Y nepuopy 1976-1977 y PajnoBuy 3aBpwuo cam LLikony pe3epBHux ocdmumpa

Ba3ayXxonnoBHO-TeXHU4YKe cTpyke (43 knaca).

-YcaBpwaBake cam HactaBuo y o6nactu BasayxonnoBctsa Ha MawumMHckom
dakynrety, rae cam maructpupao 1980. roguHe ca TeMom U3 obnacTtu
TpaHCOHMYHUX aepOoTyHena u pa3BojemM TpaHCOHUYHOr aepoTyHena MawuHckor
c¢hakynteta YHuBep3urteta y Beorpaay.

-Y 3Bame acucTteHTa, Ha MawmHckoM chakynTeTy 3a rpyny npegamera
aepoaguHaMuke, usabpaH cam 1981. roguHe.

-OokTopupao cam Ha MawuHckom chakynTteTy 1988. rog. Ha Temy YTuuaja
3UaoBa TPAaHCOHMYHMX aepoTyHena U Ta4YHOCTU U3MEPEeHUX aepPoAUHAMUYIKUX
BennYMHa Npyu aepoaMHaAMUYKUM UCMTUTUBabUMA.

- Y 3Bak-e goueHTta Ha uctom chakynreTty usabpat je 1989. roauHe, y 3Bame
BaHpeaHor npodiecopa 1995. roaute, a y 3Barme pegoBHOr npodecopa, 3a yxy

Hay4Hy obnact BasgyxonnoBctBo, 2000. roguHe.
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360pHuKK NpegaBara ogpxaHux y nepuogy 2011-2015.

Ha MawuHckom chakyntety npeaajem cneaehe npeamere:

Ha OCHOBHUM cTyAujama:
-MexaHuKy neta, u
-KoHCcTpyKUUjy 1 TeXxHONOrnjy npoussoawe netenuua, a

Ha AUNNIOMCKUM cTyaujama:
-MepcopmaHce netenuua,
-OuHamuky nera,

-OppxxaBame netenuua, u
-BuoHuky y ousajHy.

Ha AOKTOPCKUM cTyaunjama:
-MexaHuKy neTta,

-OuHamuky nera,

-U3abpaHa nornaBrba U3 aepoguHamuke,
-TexHonorujy npoussogHe netenuua u
-BasayxonnoBHoTeXHU4KO 06e36ehek-e.

OGnacTu Hay4yHOr paga U Hay4YHO-UCTPaXUBa4kKa
ocTBapema.

- Teopujcka n ekcnepumeHTanHa aepoguHammka,

- lNpojekToBame U pa3Boj aepPOTYHENCKUX eKCrepuMeHTanH1X
WHCTanauuja,

- MexaHuka nerta,

- luHamMmuka neTta,

- UHTepakuuja donymna-cTpykTypa,

- CTpyKTypanHa aHanu3a, TofepaHTHOCT Ha owTtehehewe
Ba3AyXxonnoBHUX KOHCTPYKLUMja n 6op6eHa xunaBocT,

- 3amop marepumjana,

- Komno3utHu matepujanu,

- EHepruja BeTpa u pa3Boj Eonckux eHepreTcKMx cucrtema,

- TexHonoruja npousBoAH-€ U oApxKaBawa nerenuua,

- BuoHuka...
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360pHuKK NpegaBara ogpxaHux y nepuogy 2011-2015.

UHXeHepcke peanusauuje

Haj3Ha4ajHuju npojekTn y obnactu
Ba3ayxonnoBcTBa

PeanusoBaHu npojekTu nerenuua
-
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360pHKK NpenaBaka ogpxaHux y nepuogy 2011-2015.

Peanu3oBaHu npojektu nerenuua

Peanu3oBaHu npojekTu netenuua
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360pHUK Npefasansa ogpxaHux y nepuogy 2011-2015.

MNpojextu nerenuua

Non-onpuepeaHu aBuoH “Moma-86“

-

— MpojekTn netenuua
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360pHUK Npefasansa ogpxaHux y nepuogy 2011-2015.

Moaen norsonpuspeaHor aBuoHa Moma-86 y aeporyHeny AT-Cb-1
MawwuHckor chakynteta YHuBep3uteta y beorpaay

| lpojekTn netenuua
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BecnunoTtHa nerenuua
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360pHUK Npefasansa ogpxaHux y nepuogy 2011-2015.

Yyewhe y npojekToBary, pa3Bojy U peanusauuju Tpu
XenukonTtepcke nonaruue:

1 3a rnaBHu poTop xenukontepa Gazela,

1 nonaTtuuy 3a penHu potop xenukonrtepa Mi-8, n

1 3a rnaBHu potop xenukontepa Mi-8

Peanu3oBaHu NpojeKTU XenuKonTepcKux nonartuua

FnaBHu poTop xenukonTtepa Gazela
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360pHuKK NpegaBara ogpxaHux y nepuogy 2011-2015.

PeanusoBaHu NPojeKkTU XenMKONTePCKUX nonaruua
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360pHKK NpenaBaka ogpxaHux y nepuogy 2011-2015.

PenHu poTtop
xenukonTtepa Mi-8

DedmHucarwe noTpedbHe meTogonoruje 3a npoayXxekwe pecypca
kopuwhekwa cneaehnx BazayxonnoBHUX pakeTa

1 =l u I| 11 1T
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R-60K, R-60MK
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360pHUK Npefasansa ogpxaHux y nepuogy 2011-2015.

Hepanu3oBaHu npojekat xenukonTtepa

Buanbunutu ctyaunja xenukontepa VNH-90

Hepanu3oBaHu npojekat xenukonTtepa

Buanbunutu ctyaunja xenukontepa VNH-90
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360pHuKK NpegaBara ogpxaHux y nepuogy 2011-2015.

[donpuHocu pa3Bojy ycnosa Hay4yHO-UCTpaXuBaUkor paaa:

Haj3sHauajHuja ocTBapera 1 AONPUHOCKU Pa3Bojy ycnoBa Hay4HO-
UCTpaXuBa4Kor paga cy:

MocebaH gonpuHOC cam OCTBapuO Yy pa3Bojy nabaparopumija
MawwuHckor dakynrteTa y OKBUPY kKateape 3a Ba3goyxonnoBCTBO, U TO:
-pa3Boj aepoTyHena Benukux 6psuHa AT-VB-1,
- lonpuHoOC ce cacToju y NPOojekTy, pa3Bojy U usrpagtu:
LnupeH ypehaja 3a BU3yanusauujy cTpyjata y CynepCoHUYHUM
CTPYjHUM NorbMMa,
- Apyror rpna aepoTyHena 3a KOHTPOnNy CcTpyjaka y pagHoM aeny,
- HOBe BaKyyMcCKe cTaHuue, 1
- NPOjeKTa TPaHCOHUYHOI pagHor Aena ca nepdopupaHum
3UA0BUMa, Kao u
- pa3Boj U usrpagHa cywape aepotyHena Benukux 6psuHa AT-VB-1.

AVHC 93 Operberte MalMHCKNX HaykKa



360pHUK Npefasansa ogpxaHux y nepuogy 2011-2015.

‘ I‘]Jnupé;%ﬁcre;q

N\ Xl .

Lpyro rpno aepotyHena Bakyymckor Tuna, AT-VB-1, MawmHckor dakynreta
- - - v.;n -é;‘
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360pHUK Npefasansa ogpxaHux y nepuogy 2011-2015.

CoHpa 3a
Mepere
npuTUCKa

MepcopupanHu 3ua0BM TPAHCOHUYHOT pagHor Aena

AVHC 95 Operbewe MalLMHCKNX HayKa



360pHUK Npefasansa ogpxaHux y nepuogy 2011-2015.

[onpuHocu pa3Bojy ycnosa Hay4HO-UCTpaXusBa4vkor paaa:

Takofje, akTUBHO caM y4eCTBOBao M a0 rMaBHU ONPUHOC Y
peanu3auuMju NpojeKkTa 3aBpLIeTKa U3rpagke srpage non3By4vHor
aepotyHena AT-SB-1 y okBupy koje je usrpahleHa HoBa MallMHCKa
pagMoHuUa M MogenapHuLa 3a u3paay moaena 3a aepoauHamMuyka
ucnuTuBamwa y aepotryHenuma MawwuHckor cakynreTa.

B

0

N

AMBERS

l’am-m Ae0 OKTOroHanHor npeceka

KoHTuHyanHu aepotyHen, MeTunreHwkor (MpaxHTnosor)
TMna, cpearwux 6p3uHa, AT-SB-1 MawmuHckor cakynteTta
YHusepsuteta y Beorpaay, okToroHanHor nonpeuHor
AepoBara npeceka pagHor aena, AuMeHsuja 2.8 x 2.10 m.

AVHC 96 Operbewe MalLMHCKNX HayKa



360pHuKK NpegaBara ogpxaHux y nepuogy 2011-2015.

Mopen aepotyHena AT-SB-1 MawuHckor dakynTeta

-

PagHu geo
OKTOrOHarnHor npeceka

MoroHcka rpyna
aepoTyHena

PanHu geo, nornea u3 konekropa

AVHC 97 Operberte MalMHCKNX HaykKa



360pHKK NpenaBaka ogpxaHux y nepuogy 2011-2015.

D,OﬂpMHOCVI paaBojy ycnoBa Hay4HO-UCTpPaxunBa4vkor paaa:

- ®opmMmupao cam nNOTNyHO HOBY naboparopujy 3a
XOMonorauuoHa ucnuTuBama U UCNUTUBaKA Ha
3aMop Ba3ayxonfoBHUX KOHCTPYKUUja y NnpaBoj
BENTUYUHMN.

- Y4yecTBOBaO cam y ocHuUBawy HoBor Moayna 3a

OU3AJH Y MALLUHCTBY, 2008 roguHe Ha MawiMHCKOM

c¢akyntety, YHUBep3uTeTa y beorpaay y okBupy Kora je

OCHOBaH HOBMU UCTpPaXuUBa4Ku npasal:

BUOHUKA Y U3 AJHY.

naGopartopuja 3a UCNUTUBaKba Ha 3aMOP Ba3AyXONMOBHUX KOHCTPYKLUja

Fitting Frame 1 Attach Fitting 2 Rotor Blade Model 3
/ \
Y

I e —

Cable L

U=

i

/ Hydraulic Actuator 4 Variable S
4 2 %
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360pHKK NpenaBaka ogpxaHux y nepuogy 2011-2015.

naGopartopuja 3a UCNUTUBaKba Ha 3aMOP Ba3AyXONMOBHUX KOHCTPYKLUja

Blade in Resonance

d

il Y Erame Vibratory Excitation Force

The main rotor blade in fatigue testing

CTaTyc AepPOTYHEeJICKUX ncnutuBama

AepoTyHenu "npoTtus" komnjytepa

O TauyHOCTU aepoAUHAMUYKUX
eKcnepuMMmeHara

AVHC 99 Operberte MalMHCKNX HaykKa



360pHUK Npefasansa ogpxaHux y nepuogy 2011-2015.

CraTyc aepOTyHencKkux MCnuTuBama
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Bpeme Tpajaka aepoTyHENCKUX uCnMTuBawa HOBUX aBUOHa y pa3n HUXOBOr pa3Boja

CraTyc aepOoTyHenckux MCnuTuBama

AepoTyHenu "npoTtus" komnjytepa

WIND TUNNEL COMPUTER
100% 0%
e }
1
P
o
S 50%
= )
' WIND TUNNEL AN
w N
o \\
< N
0% _/\, 1 1 1 1 1 1 100%
1903 1960 1980 2000 2020
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YOeo aepoTyHencKUxX uCNUTUBakba y NPojeKToBakby, UCTPAXUBakLY U
pa3Bojy HOBUX aBMOHA
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360pHUK Npefasansa ogpxaHux y nepuogy 2011-2015.

CraTyc aepOTyHencKkux MCnuTuBama

AepoTyHenu "npoTtus" komnjyrtepa

Pa3Boj komnjyTtepa

Pa3Boj kapakTepucTuka cynepkomrnjytepa Koju ce KopucTe y Ba3gyxonnoBCcTBY
Floating-Points Operations / s
14 [FLOPS]
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O Linpack-super . Plans 5
- i -micr <
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Parallel SX3 ‘sx4 1Kn. Aale ||
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106 ] Discipline wmp multidisciplinary
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Pa3Boj nepcdopmaHcu komnjytepa Kao U KOMMIIEKCHOCTU MHTEPAUCLUNITMHAPHMX NpopaYvyHa
Koje ce kopucTte y npojekroBaiy netenuua. (HWW: "High-performance Computing Center
for Science and Industry" (Stuttgart), .R.Z: "Leibniz Computing Center" (Munich))
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360pHUK Npefasansa ogpxaHux y nepuogy 2011-2015.

TpeHa nopacTta 6p3nHe paga cynepkomnjytepa
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Apxutektypa cynepkomnjytepa BlueGene/P

System
72 Racks, 72x32x32

Rack Cabled 8x8x16

32 Node Cards

MNpeacenHuk O6ama je Harpaguwo IBM's
Blue Gene Supercomputer HaunoHanHom
Mefarbom 3a TeXHONorujy u MHoBauuje.

Node Card

(32 chips 4x4x2)
32 compute, 0-1 10 cards

1 PFls
144 (288) TB

13.9TF/s

Compute Card 2(4)TB

1 chip, 20
DRAMs

A Chip 13.6 GF/s
processors 2.0 GB DDR2
. (4.0GB 6/30/08)
13.6 GF/s
8 MB EDRAM

The Blue Gene supercomputers

CTaTyC AepPOTYHEeJICKUX ncnutuBama

AepoTyHenu "npoTtus" komnjytepa

Pa3Boj aepoTyHena

AVHC 103 Operberte MalMHCKNX HaykKa
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CraTyc aepOTyHencKkux MCnuTuBama

—_— AU kil g —
o ] M = <

B787 - Dreamliner in Wind Tunnel

CraTyc aepOoTyHenckux MCnuTuBama

Current status of 787
Dreamliner Design
Progress

Design time on computers
800,000 h of computing
time on Cray
supercomputers VS. Hours
of wind tunnel tests

15,000 hours of wind » , 14 TSFL+ H1
tunnel tests R

Source: http://newairplane.com/default.html
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360pHKK NpenaBaka ogpxaHux y nepuogy 2011-2015.

CTaTyC AepPOTYHEeJICKUX ncnutuBama

Wind tunnel tests of thé A350 configuration

Mopeheke MHCTanNUcaHe CHare NOroOHCKUX rpyna BeNuKUX aepoTyHena
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© O _!—l
E ® CyGCOHUYHM
I ° 4 TpaHCOHUYHMN|
Q 2 CynepcoHU4Hu
\
, * |
1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000
FoauHa yBohewa y ynoTpeby
NMoBehawe pagHux nepcgopmaHcu (MHCTanucaHe cHare)
BeJIMKUX aepoTyHena
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360pHUK Npefasansa ogpxaHux y nepuogy 2011-2015.

Chord Reynolds Number

CraTyc aepOTyHencKkux MCnuTuBama

I :'ﬂ an" model at hyper-acoustic speed|
I testing in wind tunnel T-117

Mach Number
MoryhHocTu ekcnepumeHTanHe 6ase LLAMM UncTutyTa

T-109 CtaTyc aepoTyHenckux MucnutuBamwa
/

Re 3

10*

Scale 1/30

Scale 1/50

‘Eypauoaa nyTawa

Scale 1/60

Scale 1/80

UcnutuBaHe BenuuuHe
Scale 1/120 " i
*, > Mmopaena y Toky pa3Boja

Q

<>

RRZS 57

|  UcnutuBaHe KOHduMrypauuje
BypaHa y da3u nancupama

AunBenona aepotyHena LA UHcTutyTa 063mpom Ha BypaHoBYy nyTaky y noBpaTtKy

15 20 M

106 Operbene MalMHCKNX Hayka




360pHuKK NpegaBara ogpxaHux y nepuogy 2011-2015.

CTaTyc AepPOTYHEeJICKUX ncnutuBama g

Shuttle Entry ApoIIo-'Entry

LENS |

B Mach Numbers 2 \

“
704
— /
£ 60
=
® 50 ]
o
=
= 40
30 4
20 4
High Velocity Capabilities of
104 LENS X
Large Energy National Shock Tunnel (LENS 1,1,X), CALSPAN Corporation
0 T T T T T T T
0 1 2 3 4 5 6 7
V (km/s)

MoryhHocTu ekcnepumeHTanHe 6ase UctpaxuBaukor ueHTpa Calspan-University
at Buffalo Research Center (Calspan-UB Research Center - CUBRC)

| LENS X
LENS | f
Mach Nusbers Expansion Tunnel

7to18
l LENS II \

Mach Numbers
70

100

o o
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N
?
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P

AEDC Tunnel 9 CAV

AEDC H2 ARC Flight
NASA GLENE HTF (Plume Brook) Env I
NASA Langley 8” HTT 8 Ope

10+
7, AEDC Tunnel C
- AEDC APTU

0 T T | | |
0 1 2 3 4 9
V (km/s)
AnBenona USA aepoTyHena o63upom Ha nyTawe Shuttle-a 'y
noBpaTtKy u 6yayhux npojekata TSTO, cruise and acceleration
vehicles (CAV)

)
?
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CTaTyC AepPOTYHEeJICKUX ncnutuBama

AepoTyHenu "npoTtus" komnjytepa

TpaHcoHMYHa oOnacT Op3uHa

CTaTyC AepPOTYHEeJICKUX ncnutuBama

[a nu he ce rpaguTn HOBMU
aepoTtyHenu?

Oarosop je noTBpAaH U
MMaMO ra y YukeHuum aa
ce aepoTyHesnu jow yBek
rpage WMpoOM cBeTa, a
NocebHO OHU FMraHTCKMU U
cKynu, kao wrto cy NASA's
cryogenic wind tunnel at
Langley — NTF (National
Transonic Facility), USA

Aosgis of (e Natond! Trasiom: Faciey
MAEA Larghey Pescarch Centar TR0

inago # EL- P00

Pathfinder Il Mogen y NTF aepoTyHeny

Source: NASA

AVHC 108 Operberte MalMHCKNX HaykKa



ANHC

360pHuKK NpegaBara ogpxaHux y nepuogy 2011-2015.

CraTyc aepOTyHencKkux MCnuTuBama

u the European cryogenic
transonic wind tunnel - ETW,

ca LleHaMma Koje cy npematuune
nona munujapae aonapa (On
1995, nocne nywTata y pag v
kanubpauuje, ETW aepoTtyHen
je y nyHoj ynoTtpebu,
o6aBrbajyhu 6pojHa
ucnutTuBakwa u notephyjyhu
npojekrom npeasuheHe
nepcopmaHce).

PagHu geo ca sampgoBuma
ca npouenuma

Source: ETW (European Transonic Windtunnel)

CraTyc aepOoTyHenckux MCnuTuBama

140

—— NTF (N2 -250F)
— — NTF (Air 120F)
—— ETW (half models)
— — ETW (full models)
US conventional

o
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A300@ ~O-A350

_ — ~Cil410 ,738777 T==d_

_- - /\3‘}30707 OB787

~ " ELECTRA®

P
7
o DC-6 A320 @ B737
7 bc- )
De3 _ -~ 614 © FALCON

( — - -~ e
= ——————
0 - _ - .
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S
o

Chord Reynolds Number (milions), Re x 10
S

MoryhHocTu ekcnepumeHTanHe 6a3e CBETCKUX aepOTyHerna y TPaHCOHULM
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360pHUK Npefasansa ogpxaHux y nepuogy 2011-2015.

o1 CTaTyC AepPOTYHEeJNICKUX ncnutuBama
A4
E 1 NASA TM 84245 13 RAE TR 68303 /ﬁh
o 2 NACA TN 1945 14 NPL Aero Rep.1308
F 3 NACA Rep. 586 15 ARC CP-1261
o N 4 NACA TN 3361 16 ONERA Dec. 76/1157.AN
| 2 0.13 5 ASA TMX 73990 17 AGARD AR-138
N 6 NASA TM 81927 18 NACA TM 1240
1 o 7 CALSPAN RK-5070-A-3 19 ONERA
g F 8 AIAA J.Dec.1974 p 1771 20 TSWT-South.(M=0.5)
F 9 NASA TP 1100 21 VTI+FME
«© I 10-12 UTRC B-ft; var. sources éfﬁs A
012 Aepomnpoduia NACA 0012 = A
s ’
o A
F FANZN
0.11 F o
: g a®
0.10 | .
E Mach-oB 6poj
E AMES M<0.3
the rest Ms<0.3
0.09 | .3<M<0.55
F 0.55<M<0.8
g l:t?.%
0.08 | L L "
MRe
Mopehere cBUX NPUKYNILEHUX pe3ynTaTa aepoOTYHENCKUX UCNUTUBaHA
rpagujeHTa KpuBe y3roHa y coyHkumju Reynolds-oBor n Mach-oBor 6poja

CraTyc aepOoTyHenckux UCnuTuBaka

I Mreze
Izmenjivaé

toplote Ventil

Rezervoari komprimovanog
vazduha Toni
ventil
pritiska
O6nacTt MaxoBux
6pojeBa 0.2 -4

i konfuzor

P N ——2
Regulacioni Komora Fleksibilni Transoniéni
za umirenje mlaznik

Komora
za umirenje

Difuzor Izduvnik

radni deo

Z R

HUYHK aepoTyHen T

1.5x1.5 m 3-[1 pagHu geo
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CraTyc aepOTyHencKkux MCnuTuBama

MNMpuka3s gocagawnx UCTpaXXuBakwa y aepoTtyHeny T-38

Number of runs per year e 96% ykynHor
BpemMeHa -
1000 TecTupaHe paketa

o 4% yKynHor BpemeHa

- TeCTnpawe aBnoHa

Number of runs

84 85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 00 01 02 03 04 05 06 07 08 09

Year

« TectupaHo je oko 50 paznuuutux mopena nerehux
oGjekaTa
« Buwe oa 80 ucrtpaxuBara u pasBoOjHUX NpojekaTa

Onuc uHctanauuje

PagHu pgeo I
Subsonic/transonic 2D K "
(cermeHT kpuna) P
AMMEH3Nja ot
0.38 x1.5m, ca Py
KOHTpPOTOM oAcCcucaBamba N
rpaHnU4HOr cnoja ca

©004YHUX 3upoBa.

Mounting

Sections

-
-
Full Tunnel

\\1//  outine

0.38x1.5 m [1Bo-auMeH3nOHanNHu pagHu aeo
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Onuc uHctanauuje

2mm

i ijr 4n:m [> Alr Flow

T v % 37777 henm

Model Pitch Centre
Solid :
X, K
N .
3
Porous b ] 1.5m
v’ )
i
3
— o
Flexible |« 4.6m »

leomeTpuja 3naoBa pagHor aena

Onuc uHctanauuje

® KoHTpona rpaHuyHOr cnoja ca 604Hux 3ugosa y
6nu3nHn mopena obesbeheHa je oacucaBamem.

@ OpraHu3auuja oacucaBama je NpuKasaHa Ha Crnuuum:

pipe line

exhaust
S

Ak
control valve

Akma.t

I'po

I po

I T Il interchangeable Pos

| %o §| nozzle

e et . el
stagnation conditions working section diffuser silencer

OBO-AUMEH3UOHaNHU pagHun aeo
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Onuc mopgena

TeTuBa mogena cermeHTta kKpuna ca aeponpodunom NACA 0012 je 0.254 m

MepHa onpema

Some of the VTl-instrumentation -
Pressure scanning system: five S3 or D9
Scanivalves (230 pressure taps), expandable

AVHC 113 Operberte MalMHCKNX HaykKa
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360pHUK Npefasansa ogpxaHux y nepuogy 2011-2015.

HYMepVI‘-IKVI n eKCnepumMeHTannHun npuctyn

1.6

—Cp]

AUpper surface
OLower surface

-1.6
0.0

NACA 0012
M.=0.80
a=2°
C1=0.222
MRe=9.31

0.2

0.4
x/c airfoil

0.6 0.8 1.0

Pacnopena
cTaTuuikor
NPUTUCKa AyX
ropte u Aowe
CTpaHe
aeponpoduna
NACA 0012 npwm
HanagHoMm yrny oa
2.0°un Mach-oBom
O6pojy 0.8.

Cp on walls

HymequKM n eKCnepumMeHTanHun npuctyn

0.08
0.04 ]

0.00

1 A Upper wall b

M_=0.80 -
a=2° Lo
C1=0.222 -
MRe=9.31 Lo
airfoil | |

NACA 0012 !

O Lower wall

-8
x/c airfoil

U3mepeHa
pacnogena
KoeduuujeHaTa
NPUTUCKA NO ropH-eM
1 OOH:EeM 3uay
pagHor gena npu
HanagHoMm yrny oA
2.0°u Mach-oBom
Oopojy 0.8.
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360pHUK Npefasansa ogpxaHux y nepuogy 2011-2015.

HymequKM n eKCnepumMeHTanmiHun npuctyn

e r 0.012
Ao l T AM
] 'NACA 0012 i
s 1 M=0.755 oo Pemerba_sa
154 | MRe=9.13 i kopekuuje Mach-
00 7 ] o, OBOT Opoja u
s ] | [ HanapgHor yrna
E L 0.005 y ¢YHKU,VEJV|
10 ] | ! KoeduumjeHTa
| ! y3roHa 3a
h | :0.002
T8 ; cnobopaH
P I T 0.000 Basayx.

HyMmepuruku n ekcnepumeHTanHu nNpucTyn

0.26
0.24 - —1 —Prandtl-Glauert's Theory o

a —2 —Goethert's Experiment "
0221 ereraymeki

o —VTI+FME-Uncorrected A
o200 ™ —VTI+FME—Corrected i
NACA 0012 [ ] 1
018 MRe=2-35
0.16 -
0.14 -
0.12 - = H = s ¢
. —‘l = 2m
[m] o =
0.10 ’?E/ s o
0.08 1 1 1 1 1 1
0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
M
PeSynTaTVI ncnuTuBama 3aBUCHOCTU rpa.qwjeHTa KpuBe y3roHay
c¢yHKumju Mach-oBor 6poja
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360pHUK Npefasansa ogpxaHux y nepuogy 2011-2015.

Hymepuukn n ekcnepuMeHTanHu npucTyn
0.8 o VII+FME—-uncorrected
mn VII+FME—-corrected
07 3 Murman—tested A
CL a2 Murman-—corrected <
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Hymepuuku n ekcnepMMeHTanHu npucTyn
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3aBUCHOCT rpaaujeHTa y3roHa y doyHkumju Mach-oBor 6poja
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CraTyc aepOTyHencKkux MCnuTuBama

3aKrbyvak:

AepoTyHenu cBe Bulle NOCTajy CpeaAcTBO
(opyhe) 3a kanubpaumnjy cochTBepa a ceBe
Mak€e CpeACTBO 3a AUPEKTHO NPOojeKToBamke
HOBUX netenuua.

UHXxeHepcke peanusayumje

Y eHepreTuum y npojeKkroBamy, pa3Bojy U peanusauuju
Eonckux eHepreTckux cucrema:

-0 Manux cHara, og 1.5 kW (1981),

-cpentux cHara 100 kW (1986) no

-Benukux cHara 0.75 MW (2003-2006) v

2 MW (2003-2012).

Takohe, yuecTBOBaO cam y NnpojeKkroBamy, pa3Bojy u
peanusauyuju Beher 6poja nonaruua pacxnagHux Kyna
eHepreTckux cucrema (1994-1996).
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UHXeHwepcke peanusayuje

HajaHa4ajHuju npojekTn n3 obnacrtu
eHepruje BeTpa

npOjeKTOBal'be n n3rpagmka AgemMmo cuctemMma 3a
npoun3soamy erieKTtpu4iHe eHepere permoHa

AHanu3a n3Boa/bLMBOCTU U NPOjeKTOBaHEe
OeMOHCTpaUMoHOr nosrba tapme
BeTpoTypOuHa Ha noapy4jy CO Bpuway
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npOjeKTOBaH:e U usrpagka gemMmo cuctemMma 3a npoun3Boaky enekrpuiHe eHepere pervuoHa
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npOjeKTOBaH:e U usrpagka aemMmo cuctemMma 3a Nnpon3Boaky enekKrpuiHe eHepere peruoHa

KoHType BuCUHa, WWyma U Hacerba u3gBOjeHu y Knuny mMe3o mopgena
peruoHa — CO Bpuway

AVHC 119 Operberte MalMHCKNX HaykKa



360pHKK NpenaBaka ogpxaHux y nepuogy 2011-2015.

MNpojekToBae 1M n3rpaaka AeMo cucTeMa 3a NPOM3BOALY eneKTPUYHe eHepruje permoHa

580
530
480
430
380
330
280
230
180
130

80

3D Surface me3so mogen pernoHa CO Bpuay

MNpojekToBae 1 n3rpaawa AeMo cucTeMa 3a NPOM3BOALY eNeKTPUYHe eHepruje permoHa

BeTtpotyp6una tuna Direct-Drive ENERCON-70
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360pHKK NpenaBaka ogpxaHux y nepuogy 2011-2015.

npOjeKTOBal'be U usrpagka gemMmo cuctemMma 3a npoun3Boaky enekrpuiHe eHepruje pervuoHa

160mo
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£ razmah krila
80 m
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.05 3 5 13 16 2 45 5 8/10 MW instalisanja

MopacTt agMmMeH3uja u kanauuTeTa BeTPOTypOuMHa y (hyHKLMjK
roavHe bUXOBE NOYeTHE UHCTanauuje

npOjeKTOBal'be U usrpagka aemMmo cuctemMma 3a Nnpon3Boaky enekKrpuiHe eHepruje peruoHa
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view ol Close.

Moaaum namepeHuMx BenuynHa 6p3uHe M npaBua BeTpa y nepuoay on
9. mapTa 2000. oo 4. HoBem6pa 2005 y meTeoponoLIKoj cTaHMum y Bpuuy
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npOjeKTOBaH:e U usrpagka gemMmo cuctemMma 3a npoun3Boaky enekrpuiHe eHepere pervuoHa
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Pacnopepn BeTpoTyp6uHa y chapmu Ha nokaumju CO Bpuwauy,

npOjeKTOBaH:e U usrpagka aemMmo cuctemMma 3a Nnpon3Boaky enekKrpuiHe eHepere peruoHa
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Cpeama roguwikba 6p3vHa BeTpa
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OpHUK NpegaBaka ogpxaHux y nepmogy 2011-2015.

MNpojekToBae 1M n3rpaaka AeMo cucTeMa 3a NPOM3BOALY eneKTPUYHe eHepruje permoHa
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Cpeara roguwma cneuymndmryHa cHara BeTpa

MNpojekToBae 1 n3rpaawa AeMo cucTeMa 3a NPOM3BOALY eNeKTPUYHe eHepruje permoHa
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5000000
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.

Cpeara roavwtba NPon3BoaHa eNeKTpUiHe eHepruje
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npOjeKTOBal'be U usrpagka gemMmo cuctemMma 3a npoun3Boaky enekrpuiHe eHepere pervuoHa

5005000
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4395000

4330000

\
7520000 7525000 7530000 7535000 7540000

BpyTo roguwmwa npousBagwa eHepruje (Annual Energy Production
- AEP) 1 ryGuum y BpTNoOXHOM Tpary

npOjeKTOBal'be U usrpagka aemMmo cuctemMma 3a Nnpon3Boaky enekKrpuiHe eHepere peruoHa

=18l x|

wind
5 A% Wind farm 1 Wind farm sttngs | ko efects | pomer | usercorrctions |

4 ‘Turbine ste 1" Tubine ske Sector ‘Wind clmate
4 Turbine site 2' Turbine site number angle []  frequency [%] Weibul-A [m/s] Weibul-k  speed [m/s] power [Wjm3] net AEP [GWh] wake [%]
o 89 X1 1,74 9,03 007 0,704 0,0

4 "Turbine site 3 Turbine site !
& “Turbine ste 4 Turbine st 2 £ 48 85 1,98 750 499 0,291 00
& Tusbine ste S Turbine ste 3 0 78 64 2,2 564 191 0,226 5,97
& Tubine ste & Turbine ste's 4 %0 43 86 1,44 7,82 848 0,250 673
= = s 120 84 26 2,23 18,26 6428 0,941 0,06
6 150 156 245 2,19 21,67 10922 1,490 00
7 180 142 163 2,13 14,41 3297 1,669 00
Lbrary folders 8 210 77 10,7 2,20 9,45 503 0,671 2,48
5 (3) Sample Fes 9 Fles) s 240 57 10,0 2,17 8,84 746 0,458 074
- (3 Wind turbine generators (73 fles) 10 270 62 103 1,89 915 950 0,512 00
1 300 64 10,9 1,99 9,63 1048 0,565 00
12 330 10,1 11,8 2,25 10,45 1198 1,020 00
Al (13,7) (1,47) 12,35 3229 8,797 06
160 Sector: Al
U: 12,35
P: 3229 Wjm?

(%)

o ulmjs) 25,00

MpoceyvHa roguwkba Op3uHa BeTpa Ha No3uLUju BeTpoTypOuHe 1
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npOjeKTOBal'be U usrpagka gemMmo cuctemMma 3a npoun3Boaky enekrpuiHe eHepmje pervuoHa

=lsix|
=l8lx|

Settings | Ske ffects | wind [Power | user comections |

Sector Vind dimate Power

nunber | angle %] frequency %] | WeibulA [mjs] Webubk | speed(mis]  power (Wimi) | netAEP(GwWh] | wake[%]
1 o 89 10,1 1,74 9,08 1007 0,704 00

Library folders 210 7 )’ 2,20 9,4
1 (3] Sample files (9 fles) 2 i 57 10,0 217 8,84
&1 (3 Wind turbine generators (73 files) 10 270 62 0, 89 9,

AEPIMWH]

i Po.
a8

BpyTo 1 HeTO roauwkba NPOU3BOAHA €Hepruje u
ryouum y BpTNoXHOM Tpary 3a BeTpoTypOouHy 6p. 1
HanomeHa: upBeHO Cy O3Ha4eHU ryouum y BpTNoXHOM Tpary

npOjeKTOBal'be U usrpagka aemMmo cuctemMma 3a Nnpon3Boaky enekKrpuiHe eHepmje peruoHa

3aKrbyvak

+ 3a npeanoxeHy apmy Koja ce cacTtoju on
10 BeTPOTYpPOMHA YKYNHE MHCTanucaHe
cHare 20 MW, kao WwToO je NoKa3aHo,
OCTBapEeHO je NPOCEYHO YKYNHO HEeTO
roguwie oko 85,765 GWh eHepruje
npousBeneHe enekTpuyHe cTpyje, WTO No
ueHu oa oko S ueHtu no 1 kWh
Ucrnopy4yeHe enekTpuiHe eHepruje, aaje
3apagy o oko 4.3 MunMoHa eBpa
roavlle, WTO Aaje UCNNaTtuBOCT uenor
MHCTanuUcaHor objekra 3a 5 — 6 roguHa.
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OnTumusaumnja paga apmu BeTpoTypOMHa —
KOHTpOMa rpaHU4YHOr cnoja u TypoyneHuyuje y
BPTNOXHOM Tpary,
aKTUBHA KOHTpoONna obnuka u cTpyjawa

OnTumunsaumja paga apmm BeTpoTypOMHa — KOHTpONa
rpaHUYHOr cnoja u TypoyneHuuje y BpTNOXHOM Tpary,

aKTUBHa KOHTpoOMa o6nuka u cTpyjawa
Cumynaumja CAD mopgena BeTpoTypGuHa u chapme y nporpaMckom
nakety Catija noTpe6Hux 3a onTUMU3aumjy
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OnTumunsaumnja paga apmm BeTpoTypObMHa — KOHTpPONa
rpaHUYHOr cnoja u TypoéyneHuuje y BpTNOXHOM Tpary,

aKTUBHa KOHTpona o6nuka u cTpyjamwa

Mpunpemy ynasHux noaataka oporpaduje TepeHa u cumynauuja ctpyjama y
KOMepLuMjanHumM nporpamckum naketuma Catija, Fluent, utcn.

leHepucatbe MpeXe KOHa4YHUX eneMeHaTa roHAone M KOMNNETHOr PoTopa BeTporeHeparopa 1 oporpadckux o6nuka
TepeHa Koju Cy NPUNPeMIbeHun 3a CUMynauujy.

BupTtyenHu moaen kopuwheH 3a npoBepy NpopauyHcke npoueaype koja je cnposeaeHa y moayny
Advanced CFD Ansys Workbench 11.

OnTumunsaumja paga apmm BeTpoTypOMHa — KOHTpONa
rpaHUYHOr cnoja u TypoyneHuuje y BpTNOXHOM Tpary,

aKTUBHa KOHTpoONa o6nuka m CprjaH:a
Cumynauumja cTpyjarma y KomepuujanHum nporpaMckum naketuma.

WHTepakumja conyma-cTpyKkTypa Ha NnpuMepy y3roHcke NoBpLUUHE Y
n

6.3 (34, dbns imp,

'3roHCKa noBpLiuHa y Catia-ju, renepucatse 3] Mpexe u npopayyH y Fluent-y n Ansys-y.
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OnTumunsaumnja paga apmm BeTpoTypObMHa — KOHTpPONa
rpaHUYHOr cnoja u TypoéyneHuuje y BpTNOXHOM Tpary,
aKTUBHa KOHTpoONa o6nuka u cTpyjawa
OnTtumMM3auuja paga BeTpoTypOGMHa y okBUPY hapme 3a MaKCUMariHU eHepreTCKu
Y4YUHakK:

- ONTUMU3aLMje eBONYLMOHAPHMX anropuTamMa 3a pellaBaie MynTu-o6jekTHux npobnema,

- Buwekpurepujymcka onTuMMsaub}jla Koja J'(e 3acHOBaHa Ha reHeTCKMM anropuTMuma — mogenupame
BPTNOXHOr Tpara u npopa4yH [NNM n MKE, n

- BuwekpuTtepujymcka onTuMu3anmja 3acHoBaHa Ha reHeTCKUM anropMTMMUMA Y OKpYXKeky napanenHor
npouecupama, SimLab. o

2

n
mopaen
BeTpoTypGuHe

o

o =

B
W3abpanu onTumanHu Opoj renepaia
Av3ajH nonaruue, Yna

MapeTo chpoHTa HakoH 1800
reHepauuja

09 Napero hpouT

yHcumia ynrea 1

o oo 003 004 005 006 007 008

ymama nrsa 2

Tok 3a jy umrba 2, Napeto ¢poHT 3a aBe je ummsa, O BeTpoTyp6MHa, unaH Mapeto ¢ponTa

OnTumunsaumja paga apmm BeTpoTypOMHa — KOHTpONa
rpaHUYHOr cnoja u TypoyneHuuje y BpTNOXHOM Tpary,
aKTUBHa KOHTpoOMa o6nuka u cTpyjawa

CaBpemeHe aganTuBHe CTPyKType Yy chyHkumju noBehawa eHepreTckor
YYUHKa BeTporeHepaTopcKUX cucrema

8 Mopen agantueHe nonartuue
BeTpoTyp6uHe ca
BUHrneTom cHare 2 MW,
npeyYHuka potopa 82 m,
noepuwuHe 5,281 m2 n
cneuucuyHe cHare 0.380
kWm-2.
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OnTumunsaumnja paga apmm BeTpoTypObMHa — KOHTpPONa
rpaHUYHOr cnoja u TypoéyneHuuje y BpTNOXHOM Tpary,
aKTUBHa KOHTpoONa o6nuka u cTpyjawa

. OnTUMM3saLmja aeponpochuna nonaTuue BeTporeHepaTopa
2. OnTumusauvja obnuka Kpaka BeTporeHeparopa,
-/~ 3. KOHTpona oncTpyjasatsa oKo nonaTuue BeTporeHepaTopa,

2= 4. KoHTpona oncTpyjasatba reoMeTpujckom KoMneHsaunjom,
=== 5. AlanTPOHNYKN KOHLENT KOHTpOne j a, 6. dapma onrt obnuka n
7. OnTumanHa aganTpoHuuka gapma.

OnTumunsaumja paga apmm BeTpoTypOMHa — KOHTpONa
rpaHUYHOr cnoja u TypoyneHuuje y BpTNOXHOM Tpary,
aKTUBHa KOHTpoOMa o6nuka u cTpyjawa
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"Hay4Huk objawraBa oHo wto Beh nocToju
MHXeHep CTBapa, OHO LUTO Xenu aa oyae"

vonKarman

Aerospace Scientist

Theodore von Karman
(May 11, 1881 — May 7, 1963)

"The scientist explains what already exists
the engineer creates, what he wants to be"

Theodore von Karman
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Dr Aleksandar Sedmak’, red. prof.
Dr. Marko Rakin?, vanr. prof.

Mikromehani¢ka analiza zilavog loma
zavarenih spojeva celika

1) Univerzitet u Beogradu, Masinski fakultet
2) Univerzitet u Beogradu, Tehnolosko-metalurski fakultet

Mehanizmi loma metalima izlozenim dejstvu statickog opt.

Realni materijali ¢esto u poc¢etnom (neoptere¢enom) stanju sadrze mnostvo gresaka, kao
$to su mikroprsline ili Supljine.

Tokom procesa deformisanja, ove unutrasnje greSke mogu rasti i spajati se, $to je praéeno
daljim razaranjem materijala nastankom novih mikrooste¢enja na mestima koncentracije
napona (npr. oko uklju¢aka, na granicama zrna ili oko razli¢itih nehomogenosti).

Ovaj proces strukturnog slabljenja materijala, izazvan nastankom, rastom i spajanjem
mikroprslina i Supljina, se naziva oStecenje.

U zavrsnoj fazi dolazi do potpunog gubitka integriteta i nastanka makroskopske prsline.

$ 2.4 4
T
Lom cepanjem Intergranularni lom Zilav lo
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Mehanika loma

—_— Naus':na disgipl_i_na kt_)ja se ba_vi
prslinama i njihovim uticajem
I I na ponasanje materijala i struktura.

Mehanika loma

Pocetak 20. veka (Inglis, Griffith).
Pedesete godine proslog veka (Irwin) — Linearno elasti€na mehanika loma

ProSiranje na elasto-plasti€no ponasanje materijala

S

plasticna zona ispred vrha prsline

Prakti¢éna primena mehanike loma —
dvostrano tumacenje njenih parametara; oni predstavljaju:

1. optereéenje i geometriju konstrukcije, ukljucujuéi geometriju prsline

2. svojstvo materijala, odnosno njegovu otpornost prema rastu prsline

Osnovna uloga mehanike loma:

da matematicki poveze tri promenljive veli¢ine:
napon, velic¢ina greske i zilavost loma,
¢ime je omogucéeno da se na osnovu dve poznate veli¢ine izracuna treca.

DELUJUCI
NAPON

Trougao
mehanike loma

ZILAVOST
LOMA

VELICINA
PRSLINE

CILJ: umesto da se bavi samo analizom loma,
mehanika loma je vremenom postala znac¢ajno orude u
rukama inZenjera éiji je zadatak da lom sprece.
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Linearno-elasti¢na mehanika loma (LEML)

Primena LEML se zasniva na faktoru intenziteta napona, K|, koji sa jedne strane
predstavija opterecenje i geometriju konstrukcije, ukljucujuci oblik i veli¢inu
prsline, a sa druge strane, njegova kriticna vrednost, Zilavost loma pri ravnoj

deformaciji, K, predstavija svojstvo materijala

K, < K|, -integritet konstrukcije nije ugrozen,
K, > K,. - integritet konstrukcije je ugroZen jer je mogu¢ krti lom.

Tri osnovna oblika razvoja prslina: | — cepanje, Il — klizanje, Ill — smicanje
Najopasniji oblik: | - cepanje
K, -izraCunava se

-analiticki (¥ geometrijski faktor
- numericki o — nominalni (udaljeni) ‘ ‘
Y “~
Kj=Yorma a — duzina prsline .
K. — osobina Materijal K, [MPa-m'?]
e =" Uglienicni celik =50
materijala Celik za PPP =200
lzvor: C.H. Wang, <] Celik povigene &vrstoce | = 100 | i izani icanj
i — cepanje, Il — klizanje, Il — smicanje
pmseten 0 Focre [ 2034 18 a0 pari j i
Aeronautical and Al 7075 T6 =40 Kl - odgovara obliku l,
Maritime Research Ti-6Al-4V =70 K., i K, za oblike Il i lll

Laboratory (1996)

Elasto-plasticna mehanika loma (EPML)

Uzimanje u obzir plastichog ponasanja materijala:

Otvaranje vrha prsline (CTOD)

Ugao otvaranja prsline (CTOA)

J integral _
CTOD, iako bez “Cvrste” fizicke osnove, se Cesto koristi u praksi (jedan od nacina
merenja: &5 koncept — v. sliku)

Sa druge strane, J integral zahteva slozeniji postupak odredivanja, ali kao
energetski parametar zasnovan na zakonima mehanike kontinuuma je jednako
vazan za prakti¢nu primenu,

Pttt

Ry

8(r=r,)=CTOD = 4K,
moyE

i
Otvaranije prsline (COD)
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Dve definicije CTOD

Pocetna prslina

05 konc?pt — primena na spojeve materijala

rslinau i .
m[;talu Sava ‘ prslinau ZUT

merna mesta

Integral nezavisan od putanje integracije, J integral - Cherepanov i Rice.

U odnosu na proizvoljno izabranu putanju (konturu) oko vrha prsline T, J integral je
definisan:

Ou;

Oox

ds

J=[| Way-T,
T

W - gustina energije deformacije,
ds - element duzine putanje,

T;= oy, - napon zatezanja na konturi,
u; - pomeranje,

n, - jedini¢na normala na konturu.

Putanja integracije za J integral

Ovakva definicija J integrala omogucéuje njegovo odredivanje kako po putanjama u okolini
vrha prsline, tako i po putanjama udaljenim od tog mesta.

Pri tome treba imati na umu da nezavisnost od putanje podrazumeva odsustvo procesa koji
zavise od vremena, kao i zapreminskih i inercijalnih sila. 8
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Constraint i Mismatch

Nedostatak standardnih postupaka mehanike loma (klasi¢nog ili globalnog pristupa):

Parametrima mehanike loma (K, J integral, CTOD...) se ne moze uvek na odgovarajuci
nacin predvideti razvoj osStec¢enja u materijalu

Primeri: zavisnost od nivoa ograni¢enog deformisanja ispred vrha prsline i heterogenosti
materijala. Stoga, nije uvek moguce obezbediti prenosivost parametara

Mismatch — M= Oyorm)

heterogenost materijala h Oy (BM)

Undermatch (UM) Overmatch (OM)

I} Iy.
€

B

Otpornost prema lomu (/, X, CTOD)

Uticaj ograni¢ene deformacije (constraint)

Constraint — ograni¢eno \
deformisanje ispred vrha prsline

Pristupi — predvidanje nivoa ograni¢enog deformisanja

dvoparametarska
mehanika loma

jednopar ametarska
mehanika loma

TEORILJE,
MODELI

PRISTUPI
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Lokalni pristup zilavom lomu

neostecent
| materijal

Ponasanje materijala:
- Deformaciono ojacavanje
- “Slabljenje” usled Supljina — oStecenje i lom

SRt
Seeeees
ErglT

o |
oblast n kojoj je do&lo
do nastanka ostecenja
Modeli nespregnutog pristupa (Rice-Tracey, Huang)
« von Misesov krit. te€enja
* lzraCunavanje parametara oStecenja
u post-procesorskoj proceduri

Modeli spregnutog pristupa (GTN, CGM, Rousselier)
* Gursonov kriterijum tecenja, . .
* lzraCunavanje parametara oStecenja

tokom analize MKE
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Modifikovani Gursonov kriterijum te¢enja

GTN - Gurson - Tvergaard - Needleman
CGM - complete Gurson model

3S.S..

b ’]

o= +2q,f° cosh(

/

qzm _
20

[1+(q1f*)2}=0

#

Deformaciono ojacavanje
O Trenutni napon tec¢enja

ql . q2 Konstitutivni parametri
f*

Funkcija oSte¢enja

f nucleation +

f

Ny

Kriticni
Zapreminski
Udeo Supljina

137

\

“Slabljenje” usled postojanja Supljina

growth g

Funkcija oste¢enja

Zapreminski udeo Supljina - poroznost
for *_
- { <, x_
f.+K(f-f) for f>f,

f;mcleation -

oo = (A= N)EL

¥ ==
(\ A
& N
N
N C
= — bez f_ if*
saf if* B
D >

Zapr. udeo Supljina pri lomu
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Primena GTN modela

v

AD, :

0.04]
0.02] / O

0.00 L

00 05 10 15 20 25 30
AD[mm]

Epruveta

GTN model

Umesto

AD [mm]

Kompletni Gursonov model 1 W
CGM

fc - funkcija fo i naponskog stanja
odreduje se proraunom !

GTN kriterijum te€enja + kriterijum spajanja Supljina zasnovan na
GRANICNOM PLASTICNOM OPTERECENJU (Thomason)

Thomason, Ductile Fracture of Metals, 1990
Zhang et al, EFM, vol. 67, 2000
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Granic¢no plastiéno optere¢enje (Thomason)

Homogeno stanje deformacije tokom
a nastanka i spajanja Supljina

Lokalizovano stanje deformacije tokom
spajanja Supljina
Rana faza deformisanja —
Homogena d‘eformacija

(9] 4
o lokalizovana deformacija
- -
T ~
s/ N homogena
/ \ deformacija
/ T~
Localized deformation phase
_ ! \ /
i
! Thomasonovo resenje
I
Thomason, Ductile Fracture of Metals, 1990 ' J &
1

Rast plast. def. - lokalizacija

Kompletni Gursonov model - CGM

3 o O 1 B
Pocetak spajanja Supljina: —=| & =—1|+==

O  Najvedi glavni napon \

7 Odnos poluprec¢nika Supljine i rastojanja
izmedu dve susedne Supljine

i efitata
4r

81,2’3 Glavne deformacije PR e L
’e[;'z+é‘3
a=0.12+1.68n p=12 T,

f; - nije parametar materijala u CGM,
nego odgovor materijala

Zhang et al, EFM, vol. 67, 2000
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Nastanak Supljina

Za celike Rt G i :
Primarne Supljine: oko nemetalnih ukljucaka W e R R o\
Sekundarne Supljine: oko ¢estica cementita

*s

P e
S e,
2 o

f, — Pocetni zapr. udeo Supljina
Zavisi od zapreminskog udela
nemetalnih ukljucaka (f,)

Odredivanje f, - na osnovu hemijskog sastava materijala.
Franklin je predlozio slededi izraz za celike
(uzimaju se u obzir uklju¢ci MnS i Al,O,): 0.001

%Mn

1= 0.054[%8 - } +0.005%0,

Problemi: - teSko odredivanje udela kiseonika u ¢eliku.

- Supljine mogu nastati i oko ukljucaka ili ¢estica koje nisu uklju¢ene u izraz. 19

Kvantitativha mikrostrukturna analiza

- Merna polja na pripremljenim povrSinama uzoraka
- Planimetrijska procedura
- Poluautomatska analiza slike

CILJ merenja: Odredivanje
Zapreminskog udela nemetalnih ukljuCaka f, i
Srednjeg slobodnog puta izmedu njih A

Zapreminski udeo nemetalnih uklju¢aka je odreden na osnovu V. =4
jednakosti sa povrSinskim udelom [ASTM E1245]: .|

A
A,

gde su Vi A, zapreminski, odnosno povrSinski udeo uocenih ukljuCaka, A; je
povrsina uocenih ukljucaka, a A; je povr§ina mernog polja.

f, se odreduje kao srednja vrednost povrsinskog udela _ _ SV
nemetalnih uklju¢aka za sva merna polja na svim f — — =i
mernim mestima: v 4 n

gde je n broj mernih polja. 20
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Kvantitativha mikrostrukturna analiza

Konacni zapreminski udeo ukljucaka f, se odreduje kao:

Merna polja na jednom od
k — mernih mesta
21
f — L gde je k broj mernih mesta
Y k

Srednji slobodni put izmedu ukljuéaka 4

Da bi se odredio srednji slobodni put izmedu uklju¢aka

[ASTM E1245], koristi se linearna metoda. Odreduje se NL =

vrednost N, - broj preseka uklju¢aka sa mernim linijjama po

Jed|n|C| duzine merne Ilnue (u mm) gde je N, broj preseka uklju¢aka, a L stvarna
' duzina merne linije.

Al 6061 legura, ojacana Cesticama Al203:
- odvajanje Cestice od matrice;
1@,1 - lom cestice 21

Kvantitativha mikrostrukturna analiza

Srednji slobodni put 4, kao srednje rastojanje od ivice do
ivice ukljuaka, je odreden na sledeci nacdin: A=

24
A=t
k -

gde je k broj mernih mesta

NAPOMENA: konacne vrednosti zapreminskog udela uklju¢aka i srednjeg
slobodnog puta izmedu njih se dobijaju kao SREDNJE vrednosti na svim mernim
mestima.

Svako merno mesto je odredeno distribucijom obe veli€ine, predstavljenom npr.
histogramima 22
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Zavareni spojevi

OM ili UM

Pocetnaprslina

N\

MS2

Zavareni spojevi

Epruveta za savijanje u tri taCke (SENB)

bimaterijali

Zavareni spojevi se Gestd razmatraju kao

(OM or UM

.
\/

HAZ

%3

D)

R

N

osim ako jeéprslina u blizini ZUT

Efekat heterogenosti: M <1 undermatch
M = Oy wu M>1 overmatch
Oy sy M=1 evenmatch

(M or UM

142
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Zavareni spojevi

Hemijski sastav

Materijal C Si Mn P S Cr Mo Ni

BM 0.123 | 0.33 0.56 | 0.003 | 0.002 0.57 0.34 0.13

Dodatni mat. - 0.04 0.16 0.95 | 0.011 | 0.021 0.49 0.42 2.06

oM

Dodatni mat. - 0.096 | 0.58 1.24 | 0.013 0.16 0.07 0.02 0.03

UM

1400 Bm:
E  =2029GPa

© 12004 R, , =545 MPa
g 1000 Fn =648 WP Mikrostrukturni parametri

5 800. Material fy A [um]

o 600 BM 0.012164 103.1336
3 oMm: UM: UM 0.007057 126.2614
2 400 E =1838GPa £ =206.7GP
= Rop=04MPa  Rpy=483MPa oM | 0006342 | 157.4719

2001 R, =744MPa R, =590MPa
0 T T T T !
00 02 04 06 08 1.0f Krive stvarni napon—
True strain ¢ stvarna deformacija 25

Dimenzije SENB epruveta — OM i UM

H
OM S—
41— il
& BM / UM
JANERENIN L
|| I
15
65 2D ravno stanje deformacije
5
2H
— N T—,
OM6 OM®6 OoM12 OM18 UM6 UM12 UM18
a, 7.694 10.334 7.826 9.414 7.544 7.87 7.735
a/Ww  0.307 0.413 0.313 0.376 0.3017 0.3148  0.3094

Duzina pocetne prsline a; u OM i UM zavarenim spojevima razli¢ite Sirine

143
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Numericki prorac¢un

Koris¢en je programski paket Abaqus

.
pravenrannan ES PP ES

[T Analiza [T 3:'

Pre-procesiranje Post-procesiranje

Geometrija (2D RSD ili 3D, simetrija, u zavisnosti od konfiguracije spoja
i polozaja prsline)

- Mreza (profinjena u blizini fronta prsline i u ligamentu, bez
singularnih elemenata — modeliranje rasta prsline)

Materijal UMAT (user material subroutine), Z.L. Zhang

Krive stvarni napon - stvarna deformacija

Opterecenje  (kontakt sa krutim telima)

Izlazne veli€ine (stanje napona / deformacije, parametar oStecenja —
poroznost, itd.)

Odredivanje CTOD - &, koncept

oD
>

2.5+ 552

vrh prsline ligament
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Kriterijum pocetka rasta prsline — lokalni pristup !

CTOD - &, nije koriéeno kao oty ustovt
kriterijum nastanka loma! %4 T /
Optereéenje
} [ VRH

Kontakt PRSLINE

)

T
T

Simetrija
M

i

i

i
Y Y Y Y Y
L

T
il
T
i}
iy
il
i

VVF
(#vg: 75%)

%
Kontakt

Oslonac

ABAQUS +
CGM UMAT fortranski
potprogram (Z.‘L/.Zhang)

+2518e-01
+2.407e-DS.
-2.830e-0]

Kod primene CGM, NUMERICKA analiza cilindriéne glatke epruvete
nije neophodna, eksperimentalno ispitivanje je neophodno zbog
formiranja krive stvarni napon — stvarna deformacija

29

Razvoj ostec¢enja — OM spojevi

7,(OM18)=0.0201

vrednost f nije

0.022-
konstantna

\ 0,020

f,(OM6)=0.0228

f(OM12)=0.0213
0.016 T T
OM 18 mm ——a 0.06 0.07 0.08 0.09 0.10
OM 12 mm CTOD [mm]
0.104 OM 6 mm
0.05 M
0.00 T T
0.00 0.05 0.10 0.15
CTOD [mm]
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Polja ekvivalentnog von Misesovog napona — OM spojevi

S, Mises

(Avg: 75%)
+9.500e+02
+8.708e+02
+7.817e+02
+7.125e+02
+6.333e+02
+5.5428+02
+4.7508+02
+3.958e+02
+3.167e+02
+2.375e+02
+1533e+02

! OM 6 s

-

OM 18

e OM 12 e
=Rl

31

Polja ekvivalentne plastiéne deformacije — OM spojevi

PEEQ
(&vg: 75%)

+1.000e-01
+9.167e-02
+8.333e-02
+7.500e-02
+6.667e-02
+5.833e-02
+5.000e-02
+4.1672-02
+2.323e-02
+2.500e-02
+1.6672-02
+8.333e-03
+0.000e+00
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Predvidanje pocetka rasta prsline — OM spojevi

0.18 ¢ ibliz i
o o KE. redukovana It (22) Gaussova tacka najbliza vrhu prsline
0.16 1 .
v ABAQUS + CGM UMAT fortranski
0.14- v
— </ CGM, KE 0.3 mm potprogram (Z.L. Zhang)
E o012{ A CGM KEO.15mm
a 0.104 o, 1
S e & X —L=la|l—-1 +£ (1—7[1’2)
o 0087 A o r Jr
0.06- X
= 0.16
0.04+ o ) o g /\ CGM, 8-~vorni KE, redukovana int. (2x2)
0.02{ K Eksp. "< 0.144 ¥ CGM, 4-~vorni KE, puna int. (2x2)
O CGM, KE 0.075 mm 5
0.00 T T —~ 0.12-
6 12 18 | ©
2H [mm] 0.10 \V4
0.08 Q i @
eTa cT 4 0.06 x
KE1
0.04
vrh prsline GT 1 T 2 R K Eksp.
G.T.7 G.T.8 G.T.9 —_ . .
S = z s 0.024{ O CGM, 8-~vorni KE, puna int. (3xXLKE 0.3ma:
cT4 o675 GoTs 0.00 : : :
. 6 12 18
vthprsline | 671 6Y2 oTs

2H [mm]

Pracenje gubitka nosivosti u ligamentu =—p Rast prsline

OM spojevi
I
== Von Mises — bez oslobadanja
N évorova
—— Eksperiment CGM ~ rast prsline modeliran
— - CGM praéenjem razvoja ostecenja
— — von Mises ispred vrha prsline
100+
] ' - M 12 -
] 0.0 02 04 06 o] OM12_ _ -
CTOD [mm]
80 60-
oM18  _ - =
=< - O =
604 7 ) W 40+ Eksperiment
< Il - - CGM
< — — von Mises
‘401 Eksperimen 20
- - com a,=8mm
204f = = von Mises 0 i . . .
_ 0.0 0.2 0.4 0.6 0.8
0 a,= 10{1 mm ' ' CTOD [mm]
0.0 0.2 0.4 0.6 0.8 . . X
CTOD [mm] 4-¢cvorni KE, puna int. (2x2)
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OM spojevi — uticaj duzine prsline i nastanka sekundarnih prslina

Uticaj pocCetne
duzine prsline

—— Eksperiment

—— Eksperiment

— — - CGM bez sekundarnih Supljina
- - - - CGM sa sekundarnim Supljinama

01 02 03 04 05 06 07

CTOD [mm]

0.8

Rast prsline mehanizmom
zilavog loma

4-¢vorni KE, puna int. (2x2)

10 - - -CGM OM6
00 01 02 03 04 05 06 07
CTOD [mm]

Krive otpornosti prema rastu prsline

uticaj Sirine spoja — OM spojevi

OM6 - a,=8 mm
1.0+ OM12 - a,=8 mm
4 OM18-a,=9.4 mm
0.8+ OM6 OoM12
[ )
€ 1
£ 0.6
a ——OM6 CGM
O 0.4+ ——OM12CGM
= OM18 ——OM18 CGM
O v A OMBS6 failure exp.
0.2 ® OM12 failure expf. 02
v OMA18 failure exp
00 : i . . . : . 0.154
0.0 05 10 15 20 25 3.0 35 M1z
0.104 OM 6 mm
Aa [mm]
0.05
000

0.10

148

0.1
CTOD [mm]
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UM spojevi — razvoj ostecenja

0.18- £
0.16 CGM, UM
0.14+ Razlicite Siri . g
0.12. azlicite Sirine spoja s |
0.10
~ —UM®6
0.08 — UM 12 O
0.06 —UM 18
0.04- ~
0.02- s
0.00 ————————————— >
0.00 0.02 0.04 0.06 0.08 0.10 0.12 0.14
CTOD [mm]
PEEQ ;
Livg: 75 Mala razlika
i UM12 - UM18 Il Al
1R ik
+7.49E6=-02 +B.57Sa+02
+E.6B1=-D2 +6.250=+02
2826202 . . TEREE
e reeiing Dodirna povrsina znatno Iz
B manje utie na polja napona et
iEn i def nego kod UM6 ! i |
HLTRERE D ’ R | UMM8 37

Polja ekvivalentnog von Misesovog napona — OM i UM spojevi

OM 6

S, Mises
(Avg: 75%)
+9,500e+02
+2.708e+02
+7.8178+02
+7.125e+02
+6.333e+02
+5.5422+02
+4.750e+02
+3.958e+02
T +3.167e+02
1 +2.375e+02
G +1.583e+02
+7.817e+01
+0.000e+00

T

v, =1.6mm
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Isto pomeranje napadne
tacke sile —v,, =1.6 mm
Optereéenje J:L

Kontakt
U

x

basssssa
Simetrija

L

x
Kontakt

Oslonac
vece plastiéno deformisanje
UM spoja, zbog nize granice
tecenja

PEEQ
(Arg: 75%)
+1.000e-01

+8.333e-02
+7.500e-02
+6.667e-02
+5.833e-02
+5.000e-02
+4.167e-02
+3.333e-02
+2.500e-02
+1.667e-02
+2.333e-03
+0.000e+00

— Eksperiment
—-—-CGM, KE 0.15x0.15 mm
---- CGM, KE 0.3x0.3 mm

— — -CGM, KE 0.45x0.45 mm

OM i UM spojevi — poredenje plast. def.

0 T T T T T T T T
0.0 0.1 0.2 0.3 04 0.5 0.6 0.7 0.8

CTOD [mm]

ume VELICINA KE

Rast prsline

UM spojevi
CGM - rast prsline modeliran
pracenjem razvoja oStecenja
ispred vrha prslinep

0.9 1.0}

70+
60

50+

40

Eksperiment

30+

-—-CGM, KE 0.15x0.15 mm
- - CGM, KE 0.3x0.3 mm
- -CGM, KE 0.45x0.45 mm

b =.8.mm UM 18
0 = sl T T T T T
0.0 0.1 0.2 0.3 04 05 0.6 0.7 0.8 09 1.0
CTOD [mm]

80

[kN]

w 70+
60 -
50
40+
30
201
10

— Eksperiment
—-—-CGM, KE 0.15x0.15 mm
---- CGM, KE 0.3x0.3 mm

- — -CGM, KE 0.45x0.45 mm

a, =8 mm

0 T T T T T T T T T
0.0 0.1 0.2 0.3 04 0.5 0.6 0.7CO.8 0.9 1.0

TOD [mm]

150

4-¢vorni KE, puna int. (2x2)

Operberte MalMHCKNX HaykKa



ANHC

360pHKK NpenaBaka ogpxaHux y nepuogy 2011-2015.

Razvoj ostec¢enja — poredenje OM i UM spojevi

—UMG6
—UM 12
—UM 18

0.18
0.16
0.14 4
0.124
“ 0.10
0.08 4
0.06 4
0.04 4
. 020 0.02
[ 0.00
0.15+ 0.00
OM 18 mm —=
OM 12 mm
0.104 OM 6 mm
0.05
4
0.00 T T
0.00 0.05 0.10 0.15

0.02 0.04 006 008 010 012 0.14
CTOD [mm]

CRACK
P

CTOD [mm] ]

CTOD [mm]

1.6

1.4-
1.2-
1.0-
0.8
0.6
0.4
0.2

4 UMBG, otkaz eksp.
e UM12, otkaz eksp.
v UM18, otkaz eksp.

—~—UM6, CGM, KE 0.45x0.45 mm
—o—UM12, CGM, KE 0.45x0.45 mm
—v—UM18, CGM, KE 0.45x0.45 mm

uticaj Sirine spoja — UM spojevi

0.0
0.0

T T T T T OMS6 - a,=8 mm
05 10 15 20 25 30| 1o OM12- 2,78 mm
Aamm A OM18-3,=9.4 mm
[ ] 0.8 OMé OoM12
L
T 06
E 0.6
a —— OM6 CGM
8 04 —— OM12CGM
= OM18 ——OM18 CGM
[®] v A OMS failure exp.
0.2 ®  OM12 failure exp
v OM18 failure exp
T R A
oM spojevi 00 05 10 15 20 25 3.0 35

151

Aa[mm]
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Zavareni spojevi sa dva metala Sava (DM)

« Dva metala Sava, undermatch i overmatch

* Spojevi sa dva razli¢ita metala Sava se koriste :
— Kod reparaturnog zavarivanja i
— Zavarivanja niskolegiranih ¢elika povisene CvrstocCe, jer je na taj nacin
omoguceno zavarivanje bez predgrevanja, $to smanjuje troSkove proizvodnje.

Pocetna prslina
Preing \

elementa
preneta sa OM i
UM spojeva!ll
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DM spoj — TT (through-thickness)

povriina
] —OM
/ ---UM

0
..

CTOD [mm]

...
0
.
0

DM spoj

.
.
.
.
.

. .
g .
.....
. .
g .
......
. .

.
.
.
.
.
..,
.
.
0
‘e

— TT (through-thickness)

Povrsina

0.16+

0.12

0.08+

0.04+

0.00

sredina

0.0

0.2

8-¢vorni KE, puna int. (2x2x2)

06 0.8
CMOD [mm]

01

03
CTOD [mm]

0.2

0.4

z
X
0.35 =
0.30 1
\Y4
0.25- v
0.20 1 0
0.15 §% A
0.10+ 2K Eksperiment *
/A CGM, KE 0.15/0.45 mm
0.054 57 CGM, KE 0.30/0.30 mm
0.00 : .
0.86 (UM) 1.19 (OM)

153

Faktor nehomogenosti M/
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Raspodela f u ravni simetrije — TT DM spoj

SDV2

(Avg: 75%)
+1.875e-01
+1.714e-01

+1.554e-01
+1.394e-01
+1.234e-01
+ +1.073e-01
- +9.132e-02

+7.529e-02 Konacni
+5.9278-02

+4.325e-02 lom
+2.7238-02 =
+1.120e-02 -

-4.820e-03

Pocetna
prslina

ODM i UDM spojevi

Dodatno ograni¢eno def. (constraint) — prslina normalna na OM / UM
dodirnu povrsinu

a, / W - varied

o wom=wum=w/2 |5

7 (e

4 } £ =

BM

/e
IA{A
Ay

Yield loads - Kozak et al, IJPVP, vol. 86, 2009

Grani¢na optere¢enja na osnovu plasti¢nog
deformisanja ligamenta (MKE) — zavisnost od a,

L
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Granicna opterecenja - ODM spojevi

J=const
’ { :I’
/ o o)
/ — i

/
7 Gran. opt. - MKE
Plast. def. se Siri kroz ligament

1 | Mop=1.19, Mum=0.75|

o5 I .
’ 1 M\

0,95 _—M\ \
0.9 ! A\

H=W/2  =o=H=W/4
——H=W/8 H=WI16
0.8 1 —x=H=W/24

Kozak et al, IJPVP, vol. 86, 2009 0,75 ! ! !

] 0,1 0,3

/

FymlFya

0,85 T

| L

ODM spojevi

'g w
£ 0.20- ] 2 . .
= a Pocetak rasta prsline -
a I a . . v v
g 016 ,%: Bu | om /E Ut|gaj pocCetne duzine
! > prsline a,
0.12 l S
0.08- * /
i I
0.044 —A— CGM, 4-~vorni KE, puna int. (2x2) 020 : um
—— CGM, 8-~vorni KE, redukovana int. (2x2) LEM _
0.00 * Eksperiment 0.161 T ; ~3
" 01 02 03 04 05 06 : om -
3

aOIW 1 \A\A-MA

0.081 >
L 0.04 1 —— CGM, 4-~vorni KE, puna int.(2x2)
Utlcaj tlpa —— CGM, 8-~vorni KE, red. int.(2x2)

N X
elementa 0.00 Eksperiment

01 02 03 04 05 06
g
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ODM spojevi

Poredenje vrednosti CTOD, za ODM spojeve dobijenih
eksperimentalno i primenom CGM
T 012
E OM > UM
=
O 0.104 *
*
© % X %
0.08- &
% eksp., ag=11.1,L=3mm
0.06 4 % _ -
eksp., ay =10.4,L =1.5mm
X eksp., ay=11.2,L=1.75mm
0.04- % eksp., ag =12.3, L =1.05 mm
* CGM, KE 0.15 mm
0.02 T T T T
0.40 0.44 0.48 0.52
ap/Ww

UDM spojevi

« . — 0.6
Pocetak rasta prsline - E -
Uticaj pocetne duzine o 05- Hompi
prsline a, o C| —
(= . ~
=5 " 0.4+ om -
E, 0.204 , 5 P S
[=) : 2 | 0.3-
g 0.16+ é::[":]:::: um %
N / > 0.2 X
x|
0.124 ! {k:_- S —4— CGM, 4-~vorni KE, puna int. |(2x2)
h 0.14 —— CGM, 8-~vorni KE, red. int.  |(2x2)
0.08 1 *  Eksperiment
0.0 T T T T
0.044 —A— CGM, 4-~vorni KE, puna int. (2x2) 0.1 0.2 0.3 0.4
—— CGM, 8-~vorni KE, redukovana int. (2x2) aOIW
0.00 .* EksplenmentI . i i
0.1 0.2 0.3 0.4 0.5 0.6
a/w Poredenje vrednosti CTOD, za
ODM spojeve dobijenih
eksperimentalno i primenom CGM
wW(um)=13W
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0.40+
0.35+

CTOD, [mm]

0.10

0.00 T

0.30 {
0.25
0.20
0.15+

=8,L=1mm &

5 eksp.,ap=8,L=2mm % CGM, KE 0.15 mm
5 eksp.ag=7,L=1mm ¥ CGM, KE0.45mm
A eksp.,ag=6.5L=2mm

X eksp., ag=

0.26

0.28 0.30

0.32

Konacni elementi — velicina odredena
ispitivanjem OM i UM spojeva

\+/

;/

UDM i ODM spojevi

|
] -
=1

Lum

om B ~
S|

oM

90
80
70+
60+
50 1

F [kN]

30
204
10

4041
[/

—— Eksperiment
--- CGM

157

0 — T T T T T "~ T " T " T T T T T
0.0 02 04 06 08 1.0 1.2 14 16 1.8 2.0
CTOD [mm]

ag raste

ag raste

UM - OM
—ao=6.5, L=1.8mm

a0=7,L=1mm
ap=8,L=2

OM - UM
ag=104,L=1.5mm

ag = 11.2,L=1.75mm
——ag= 12.3,L=1mm
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ODM i UDM spojevi — krive otpornosti prema rastu prsline

T 2.0
£ ODM (OM —» UM)
E‘ a0=10.4,L=1.5mm
9 1.6-7l7a0=11.2,L=1.75mm
O (kona~ni lom dve epruvete)
129 5 =123,L=1mm
0.8
0.4
e 20
0.0 £
0 1 2 3 4 5 8
Aa[mm = ]
[mm] 515
1.0
UDM (UM > OM)

0.5 ay=6.5L=18mm
ag= 7,L=1mm
ag=8,L=2

0.0 T T T T T

0 1 2 3 4 5 [¢
Aa [mm]

Spojevi sa prslinom u metalu Sava i zoni uticaja toplote (ZUT)

Prslina u M$§ Prslina u ZUT
b 6 0
Hi HAZ R‘J HAZ
) -
= BM BM = BM J BM =
/4 /A 2 ) 2
15, B 1 8
8 2 2 5 B= 1
S= 4 S=4

+ Spoj se sastoji od 4 zone: BM, ZUT (GZ ZUT, FZ ZUT) i MS.

» Osnovni metal BM — niskolegirani €elik povisene ¢vrstoce Niomol 490K
* PrslinauMS ili na granici GZ ZUT i FZ ZUT.

* K — spoj omogucuje formiranje pocetne prsline u ZUT.

* CGM Kkoris¢en za analizu loma zavarenih epruveta
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Materijali

Hemijski sastav, mas.%

Materijal C Si Mn P S Mo Cr Ni
NIOMOL 490K 0.123 0.33 0.56 0.003 | 0.002 0.34 0.57 | 0.13
VAC 60 0.096 0.58 1.24 0.013 | 0.160 0.02 0.07 | 0.03

Parameteri CGM

Materijal f, A (um) N £y

ZUT 0.0096 487 0.01475
MS 0.0194 202 0.01068

!
w

Odredivanje mehanic¢kih osobina zona spoja: eksp.-num. postupak

' i
WM V HAZ BM

Deformacije tokom ispitivanja su ol P
pracene ARAMIS stereometrijskim Do moa

mernim sistemom na delu povrsine : EM
uzorka koji uklju€uje sve zone “ A_l_/\/-’"

Strain [%]

1B5 kN
zavarenog spoja 2 M
- | 175 kN

1
2 4 6 8 1012 14 16 18 20 22 24 26
250 Distance [rnm]

N

=1

=]
n

o
=]
n

Iy

Tty

<]
S
n

Force [kN]

<]
=]
n

Strain

o

0 2 4 6 8 10 12 14 16 18
Displacement, AL [mm]
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Odredivanje mehani¢kih osobina zona spoja: eksp.-num. postupak

 Eksperimentalni rezultati (sila i
deformacija za sve zone spoja) &
Hollomonov zakon

+ 3D modeli KE plo¢aste epruvete
za zatezanje formiran od 8-Evornih
elemenata kontinuuma.

/,/l
/’/

7

)
7
7

W
I

i
i

7
i

//,
/i
i

/|
7
4

* Numeri¢ki odredene deformacije
su poredene sa eksperimentalnim
podacima za razli€ite zone spoja. &

. . . . ] \i = |
Iterativni postupak je uraden \ -—%L 1

S

variranjem napona tec¢enja i
eksponenta deformacionog \ .
ojaéavanja n u numerickom '
modelu, do dobijanja kombinacije ) . e

koja rezultira dobrim slaganjem 4 s I
deformacija odredenih numericki i :
eksperientalno.

ARAMIS Measured Strain

Odredivanje mehanic¢kih osobina zona spoja: eksp.-num. postupak

; 7 12
UHAZ! BM | TATExe wm | HAZ | BM [ —e—Exp.
' ' —e—Num 10 ' ! —A—Num
. 1000{ s ; ; :
5 _ ; ' 8 ' 1 200KkN assd
£ a0 [N : : = ' ' s
@ £ i i = 6 ' Ve oy
§ 600 g . : : 185 kN . £ ; e e
» — B | | o EEAY :
g ' D sesseertiti i { '
El — ey P S — paadiiiis ; !
— FGHAZ |aaliiacessyy ] 2 : :
2004 — W o : : '
2 4 6 8 10 12 14 16 18 20 22 24 26 0
o ) 2 4 6 6 10 12 14 16 18 20 22 24 26
00 02 04 06 08 10 Distance [mm] _
Distance [mm]
True plastic strai H
e plstistran Iteracija 2
1400 12 — 12
' ' —A—Exp. !
1200 10 wm thaz ! B | T, | 10 !
= I 1
T 1000
o 84 1 i ] |
= s00 _ -8 |
] £ b S '
g 600 — BM c 9] = 61 Lo
& £ H £
® 400 —— CGHAZ £ b LU A
£ L0 FGHAZ DA e I 1 1
— WM X
2222054 ] | 1
0 Z'M 2 WM 1 HAZ | BM
00 02 04 06 08 10 N ] . 0 \ L
True strain 2 4 6 8 10 12 14 16 18 20 22 24 26 2 4 6 8101214161820222426
Distance [mm] Distance [mm]
Poslednja iteracija
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Mehanicke osobine zona spoja

1400

Krive stv. napon — stv. deformacija

12004
= 1000
£ goo]
2
L 600 — BM
% 400] —— CGHAZ
K —— FGHAZ
= 2004 — WM

0

00 02 04 06 08 10

True strain

Mehanicke osobine zona spoja

Material E [GPa] oy, [MPa] n
BM 203 520 0.219

CGHAZ 203 550 0.170

FGHAZ 195 500 0.231
WM 200 530

Numericka analiza

ABAQUS + CGM korisni¢ki potprogram (autor Z.L. Zhang)
2D RSD, 8-¢vorni KE

Prslinau M§ Dim.KE=~J (0.2x0.2mm)

B
&

BM  FGHAZ CGHAZ BM

CGHAZ crack WM FGHAZ

161
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Numericka analiza

Dim.KE ~ A, dimenzije KE (0.5 x 0.5 mm)

Prslina u ZUT
Lo
W omaz
BM BM =
=
8 S
2] B 1
S=4 opterecenje: zadato pomeranje

F

Crack CGHAZ WM FGHAZ A
2y

Predvidanje pocetka rasta prsline

—HAZ
0.08- —wM
® Crack initiation
0.06-
—— HAZ (Exp.) 0.041
—— WM (Exp.) ]
—— HAZ (CGM) 0.02
—— WM (CGM) 0.00
T3 3 4 % ¢ 7 T 50 100 150 200
CMOD [mm] J IN/mm]
Poredenje krivih F-CMOD Vrednost parametra ostecenja
dobijenih eksperimentalno i ﬁ pracena ispred vrha prsline
primenom CGM

Kriti€ne vrednosti J integrala koje odgovaraju pocetku rasta

Materijal J; [Nfmm] (num.) JozeL IN/mm] (eksp.)
ZUT 84 104
58 65
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Critical values of J integral (according to ESIS P2-92)

° Jo 2 — used for
determination of J;,
in ASTM E 1820 Standard

J
JO.Z/BL —_— : | i
JO 2 X Podaci za J/-Ag krivu a ‘
. SR 5
©  Podaci za sirinu zone razvlacenja 31 T
Jl J;»---‘ """" kSt @
! Aa
bommnnnns —Hoo
R = e -
- :7 777777777 >.1 o o
' I
Aag = Aay Aa
o Ndszy Aa
/
;7 0.2mm
/

SZW can be determined using a scanning electron microscope
(examination of the fracture surface)

Other critical fracture mechanics parameters can also be determined this way, ‘:& :
e.g. CTOD, CTOD,, and CTOD,, 2

Predvidanje rasta prsline

Otkaz KE kada f dostigne f; —p Rast prsline, f; =0.15+f,

AW
X Crack growth

Raspodela zapreminskog udela $upljina u MS i ZUT

1000. 1000:
i e 2
800. 8004 —— CGM, [=0.25 mm
—>—CGM, /=0.5 mm
600. Exp. 6004 N

——CGM, /=0.2mm

—4— CGM, IC= 0.5 mm|

400 400+

J [N/mm]
J [N/mm]
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Oblici prslina na konstrukcijama

Model cevi sa povrsinskom prslinom

¢ ( >
7 T W/ y u uzduznom pravcu
| Pocetna ' s
Zarez i(:amorna] / =
7 rslina
| AT S i %
""" — T T Ay _lia 5
LR | Pl
. | H
| L
H ]
-
| <3
Front Front Front

aa 7| prsline rsline prsline
l 74 »'/"7% T m V22
' s P 72 I
T LN z@x I3
) P T
b, | |

2

a) prolazna b) povrSinska c) skrivena
Delimiéno prolazne

(Cesce u praksi)

Eksp. ispitivanje cevi sa
povrsinskom prslinom

Cvor A - pracenje vrednosti CMOD

Front prsline
Tacka A

E 10 ‘

2 - - - Jfintegral, domen 1 ’

T — !2:2312{ domeni 24 /7 ) RRRRSS

5 ' ’ - \ AR

£° )T \\\\WQ\ AN

£ \ ARRARE \\

- / 11 T TR
0 —

[ 50 100 150 200 250
p[MPa] 80 /

Ne treba razmatrati kona¢ne elemente €
na samom vrhu prsline (domen 1), %
zbog toga Sto koncentracija napona u Q

. . s o o 40
toj oblasti ima veliki uticaj

. . . . 20

Udaljavanjem od vrha prsline, rezultati /
konvergiraju i gotovo se poklapaju za o
domene 2-4 0 5 10 15 20 25

p [MPa]
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Integritet cevovoda sa simuliranim korozionim oste¢enjima

« Simulirana koroziona oste¢enja — Zlebovi izradeni masinskom obradom
(primer geometrije sa koncentratorom napona koji nije tipa prsline
* Resenja iz literature:
» analiticki/eksperimentalno zasnovana resenja (ASME B31G, itd.) ili
» elasto-plastitha MKE analiza
» Napon u ligamentu
 Kriterijum zavisi od oblika oStecenja
« Ostecenje se ne uzima u obzir

Ekvivalentni
von Misesov
napon

__ Ligament

O,;=1 Oyrs Ekvivalentna
plasti¢na
n u granicama od 0.8 do 1.0 deformacija

Integritet cevovoda sa simuliranim korozionim osteéenjima

AVHC 165 Operbewe MalLMHCKNX HayKa



360pHKK NpenaBaka ogpxaHux y nepuogy 2011-2015.

Integritet oste¢enih cevovoda — mikromehanicki pristup

Ekv. plast. def. Poroznost

wr

Lokalizovanje plast. def. > OSTECENJE
Lokalni pristup (CGM) — Raspodela parametra oStecenja

Kriti¢ni nivo oste¢enja — Procena nosivosti na osnovu pracenja
razvoja oste¢enja u ligamentu!

Primenom lokalnog pristupa zilavom lomu analizirana je otpornost prema lomu zavarenih
spojeva.

Uspostavljena je veza izmedu tri aspekta prouc¢avanja zilavog loma metalnih materijala -
ispitivanja mehanike loma, mikrostrukturne analize i proracuna primenom MKE i
mikromehanickih modela.

Nastanak prsline — odreden pracenjem porasta nivoa ostecenja ispred vrha prsline;
Rast prsline — modeliran pracenjem gubitka nosivosti po kona¢nim elementima.

Uticaj Sirine OM spoja je predviden primenom CGM, uz odredena odstupanja na F-CTOD
dijagramu u slu€aju spoja najvece Sirine. Takode, lokalnim pristupom je uspesno
predviden i uticaj duzine pocetne prsline na otpornost prema lomu.

Kod UM spojeva, uo€eno je da povecéanije Sirine spoja iznad 12 mm ne dovodi do znatne
promene u otpornosti prema lomu, $to je uspe$no predvideno primenom CGM.

Istrazena je razlika u ponasanju heterogenog zavarenog spoja u zavisnosti od geometrije i
polozaja prsline u odnosu na grani¢nu povrsinu izmedu overmatch i undermatch dela u
metalu Sava. Postignuta je prenosivost parametara - po¢etnog zapreminskog udela
Supljina i veli¢ine kona¢nog elementa u ligamentu ispred vrha prsline.

Kod TT DM spojeva - uspesno je predviden uticaj heterogenosti duz fronta prsline
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Na spojevima sa dva metala Sava i prslinom u jednom od njih razmatran je pocetak rasta i
stabilan rast prsline, i uradena je parametarska studija uticaja duzine prsline i udaljenosti
vrha prsline od dodirne povrSine dva metala $ava na predvidanje pocetka njenog rasta.
CGM moze da opi$e uticaj nehomogenosti materijala, s tim Sto je u slu¢aju UDM spojeva
predvidena nesto veca nosivost i otpornost prema lomu u poredenju sa eksp. podacima.

Kombinovani eksperimentalno-numericki postupak je uspesno primenjen za odredivanje
mehanickih osobina veoma uskih i heterogenih zona zavarenog spoja - GZ ZUT i FZ ZUT.

Dobijena je veéa otpornost prema lomu ZUT u odnosu na MS, §to se moze smatrati
povoljnim, imajuéi u vidu €estu pojavu greSaka i sklonost ka nestabilnom lomu zone utigaja
toplote. Takode, dobijena je velika razlika izmedu odgovarajuéih veli¢ina KE izmedu MS i
ZUT.

Na osnovu dobijenih rezultata, moze se zakljuciti da primenjeni model lokalnog pristupa
(kompletni Gursonov model - CGM) moze na odgovarajuéi nacin da opi$e razvoj oSte¢enja
u ispitivanim strukturama.

Oy /O'Y ié 1 /=0, von Misesov kriterijum

o) lokalizovani oblik
— deformisanja
o | - =
V4 S o . .
/ « homogeni oblik|
1 / N\ d_eformisanja

/ - <

! =

N

reSenje po Thomasonu
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Modeliranje rasta prsline

Pracenje gubitka nosivosti u ligamentu ispred vrha prsline

Rast prsline — poroznost
u svim GT u KE dostize f-

Ligament

85 - Kriva otpornosti
prema rastu
prsline

OM zavareni spojevi — kritiéni zapreminski udeo Supljina

——OM 6 mm
—oOom12
—— OM 18 mn

AD

|
0.1 0.15 0.20
\CTOD [mm]
e

CGM, f_ nije konstantno !!

I
I
()
|
|

GTN | f, preneto sa
glatke epr.

168
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0.04

0.024 II —— omis

= OM 6 mm oM12
0.0231 —oMm 12 mm I pyis
0.0224 —OM 18 mm 0.03
0.021] (OMB)=0.0228 | '

=~ 00201 £(OM12)=0.0213
0.0191 Il 002{ fome=00173
#(OM18)=0.0201 :  (OM)=0. _
0.018 I >
0.0174 I
0.016 . i . 0.01 . . . i
0.06 0.07 0.08 0.09 o.10! | 0.06 0.08 0.10 0.12 0.14
CTOD [mm] I CTOD [mm]
76
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Integritet cevovoda sa simuliranim korozionim oste¢enjima

« Simulirana koroziona oste¢enja — Zlebovi izradeni masinskom obradom
(primer geometrije sa koncentratorom napona koji nije tipa prsline
* Resenja iz literature:
» analiticki/eksperimentalno zasnovana resenja (ASME B31G, itd.) ili
» elasto-plastitha MKE analiza
» Napon u ligamentu
« Kiriterijum zavisi od oblika oStecenja
« Ostecenje se ne uzima u obzir

Ekvivalentni
von Misesov

Ekvivalentna
plasti¢na
deformacija
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Prof. Dr Aleksandar Gajic, red. ¢lan AINS

Univerzitet u Beogradu, Masinski fakultet, Kraljice Marije 16,
Beograd, Srbija,

agajic@mas.bg.ac.rs

agajicprof@gmail.com

BIT’s 2" Annual Internatmnal Sy m DSINM of

Clean Coal Technology

Changes from Black to Green

Time: September 26-28, 2013 Venue: Xi'an Qujiang Intemational Conference Center, China E
ECO\IOMIC FORUM

Prof. dr Aleksandar Gaji¢
University of Belgrade,
Faculty of Mechanical Engineering,
11000 Belgrade, Kraljice Marije 16, Serbia
E-mail: agajic@mas.bg.ac.rs
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-

”'i':mK-HYDRo.cbm

November 13-15, 2013

Pumped and Hydro Storage Reduce
Electricity Costs, Clean Environment

> New energy policy is caused by narrow
range of operation of Thermal Power
Plants, potential risks of Nuclear Power
Plants, limited resources of oil, gas and

coal, and new trends in ecology. Taking
into account that renewable energy, solar
and wind powers particularly are very
dependant of the climate, Hydro Power
takes a new role in energy systems.
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> Because of that

> Main requirements in reconstruction of
units

Germany’s Energy Supply Transformation A :.oiicrec s
Has Already Failed R Lt s umd

*

LI

Mai mum= 19.734 MW am 27.11.2011, 13:45 Unr
Mevember 2011

Lastverlauf aller deutschen Windlraftanlagen inviertelstindlicher Aufidsung
Einspeisung= 2.893.4 GWh

minimale Leistung = 1486 MW am 13.11.2021; 13:30 Unr

Mittelwert = 4,018 55 MW

November 2011: Load curve depicting all of Germany’s wind generators every 15
minutes (source: wilfriedheck.de)-
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Conventional power generation and wind power during
November 2011. ,

green bars = wind power

Movemberwind 2011
wih mEonenhonsls Eﬂ{ll,lgl,.f'rj aWindrad
o Dastenqualie EEY
1400

A

FFFFFFFFFFFFFFFFFFFFFFFFFFFFFF

B R R B I I I O I B T I B B T B N S S (N N B T B B |
MM P ! [ [ b tqF ¥
. B A T . O T T T O I O T T T T I B B T B T . B T I B I
a B M oo @ R B R D AN My AW R R RO A N A @ @ R R R D
O 0 0 Q0 20000 @ o e e e e e e E I O . O T B I

REZULTAT JE

» Porast snage iz vetroelektrana u 2013. g.
> U Nemackoj 3238 MW
» U V. Britaniji 1883 MW

» U Poljskoj 894 MW
» U Rumuniji 695 MW

\;
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Wind is a clean and renewable energy source, it is one
of the most rapidly growing sources of electricity.

when no energy is being produced.

Oil and gas fired generators require 15 to 20 minutes to
start if they are off-line.

Nuclear clean
coal dirty / in

dangerous /

-

r r r

v

v v v v v

Input of nuclear |and coal

e ———

energy same whrtever is
wind electricity su

pplement

Wind

Generators

Energy dissipated
nto environment

Nuclear and coa

Generators

50
Wind generators (MW)

174

100

Nuclear and wind
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200
g Wind electrici}y suplemented Gas and Wind
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Few comments about Wind energy

Assertions based on analysis of long term measured
data of wind Power analyses in the in
2008 to 2010 include:

Average output from wind was 24 — 27%

At the four highest peak demand periods wind output
was low, at respectively 4.7%, 5.5%, 2.6% and 2.5% of
capacity

Capacity below 20% occurred more than half the time
Capacity below 2.5% occurred for one day in twelve.

[Williams E., Dinorwig, the Electric Mountain, Public Relations, The
National Grid Company plc, National Grid Hiuse, London SEI 9JU)]

Analysis of wind in shows similar characteristics
[Zandt D.V., Freeman L., Zhi G., Piwko R., Jordan G., Miller N.,
Brower M., Ontario Wind Integration Study, Ontario Power
Authority (OPA), Independent Electricity System, Operator (IESO),
Canadian Wind Energy Association (CanWEA), Final Report, EB-
2007-0707, Exhibit D-5-1, Attachment 2]

Availability of wind days per year
Ontario, Canada and GB

100% - installed capacity i
Lo

enetation-below 1.2

orethan 120/days generation below|10%
ore\thaT 183\dayﬁ generation below|20%
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Projected installed and available capacities

in 2010 and in 2030 in Ontario [IESO http://www.ieso.ca]

[ Installed Capacity 35,138 MW J I Installed Capacity 40,900 MW l

——— = Nuclear,

11446, - 12000,
, 3257%
: 2010 2030 .
i Installed Icnas(alled
Capac pacity
pacity .
o

Mw
%

Wind,
1657,
4.72%

Available Capacity 33,481 MW |
m Coal,

201
Avaliable Avaliable
Capacity 0, Capacity
MW
%

Hydropower Plants

Blackouts and Troubles

> Pumped-storage and Hydropower plants can
provide grid stability during contingencies and
prevent blackouts. The cost of the North America
2003

Financing
Analyses indicate that there is a strong economic
reason for pumped-storage installations.

(including Switzerland, Germany,
Austria and China)
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Analysis based on the US market price data shows that

with average revenue.
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Price for hydroelectric plant Million $/MW

For the sake of
better utilization of
water power
potential,

in 1982,

PSPP “Bajina Basta”
has 2 units, 307 MW
each, 610m turbine
head.

In that time they
were
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PUMPED STORAGE
POWER PLANT
+BATINA RASTA®

ovteutr P 315 Mw
DISCHARGEQ 61.1

hean
SPEED

179

TURBINE

H S8l m
n 428 6 vpm

H=610/628 m
P=310 MW
n=628 min 1

ns= 27!
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The largest pumped storage plant
in Western Europe

» *Commissioned in 1983
*Total plant capacity 1,728 MW
*6 reversible pump/turbines:
~each generating up to 288 MW and pumping at 275 MW
~capable of achieving full load from stand still in < 2 minutes
~capable of
*Cycle Efficiency 74-75%
*Total water storage capacity ~9 GWh

*Connection to the National Grid via six 18/400kV 340 MVA
transformers

*Two 3.3kV 2 MW diesel generators provide ‘black start’
capability

Dinorwig
Plant design profile

Top Headgates  Low pressure tunnel

Su
b Sy

Stee! | Station |Tadrace | Top
lined  complex tunnels water
tunngls lovel

wm

Lower
T@SErvonr

\‘ﬁw

Low — i Low
water High High Low watar
level > pressure pressure pressune level
600m Al Headworks shaft systam system | Tailgates 22= ADC
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Dinorwig—inside the mountain

Dinorwig
Section of plant

MACHINE HALL TRANSFORMER HALL
BUSBAR GALLERY /2 W

MAIN INLET
VALVE GALLERY

‘NYEHIOR VIEW OF STATION
KING ON UNIT 1 END)

\FT TUBE
VALVE GALLERY
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e Skoda for Esher Wyss
A s 1930

P = 280000 kW
" S G = 24000 kg

P Ew

Lerg kw

G Kg

WWW. roworld.com

Indonesia seeks hydraulic metal works for 1,040-MW Upper Cisokan pumped-storage

06/06/2014 Indonesia utility PT PLN Persero invites applications for pre-qualification to supply hydraulic metal works for construction of the 1,040-MW Upper Cisokan pumped-storage

hydroelectric project in Indonesia,

Scottish Renewables calls for UK pumped-storage development

06104/2014 European trade organization Scottish Renewables has announced a callfor a new body intended to examine the potential of pumped-storage hydroelectric power withn the
nited Kingdor

Study shows potential for pumped-storage hydropower project in Queensland

05/29/2014 A study released this week by Leyshon Resources Ltd. shows potential for an up to 40 MW pumped-storage hydroelectric plant at Mount Leyshon in Queensland.

Philippines could get 1,200 MW of new hydroelectric power capacity

05/21/2014 Four new hydropower projects could give the Philippines more than 1,200 MW of additional capacity.

NYPA recognized for efforts in controlling greenhouse gases

05/13/2014 The New York Power Authoriy has boen recognized by the U.S. Environmental Protection Agency with a Ciimate Change Aviard fo s effots to control and monitor

greenhouse gas.

SMUD awards owner's engineer contracts for lowa Hill pumped-storage project

06/07/2014 The Sacramento Municipal Utity Disrict has selected a number of companies to provide owner's engincers srvioes for its proposed 400-MIW lowa Hill pumped-storage

hydroelectric plan

U.S. seeks firms to replace generator-motor stators at 600-MW Carters Dam

04/17/2014 The U.S. Army Corps of Engineers seeks information on firms able to manufacture replacement stator components at Carters Pumped-Storage facilty, part of the 600-MW

Carters Dam hydroelectric project in Georgia.

NYPA releases annual report

04/16/2014 The 2013 Annual Report eleased by the New York Power Authoriy earler this week reveals that the ity is in a strong financal position and a leading providar of low-cost

electricity.

New York Power Authority to relicense 1,160-MW pumped-storage hydro facility

04/11/2014 The New York Power Authority filed with the Federal Energy Regulatory Commission on April 10 a notice of a plan to seek a new license for the 1,160-MW Blenheim-Gilboa

Pumped Storage Project.

Canadian developer eyes Alberta pumped-storage hydropower projects

04/07/2014 Canadian company Turning Point Generation has announced its plan to develop an 80 MW to 150 MW pumped-storage hydropower project in Alberta.

German utiity seeks to upgrade pump-turbines, equipment at 1,050-MW Markersbach pumped-storage

03/27/2014 Vattenfall Europe Generation AG seeks bids for upgrade and repair of pump-turbines and other equipment of the 1,050-MW Markersbach pumped-storage project on

Germany's Mittweida River.

HRW Briefings

03/20/2014 News on the global hydroelectric industry from March-April 2014

Iliwerke selects Alstom to supply generators, exciters for Obervermuntwerk 2 pumped-storage project

03/18/2014 Vorariberger liwerke AG has awarded Alstom a contract to supply two generators and exciters for the Obervermuntuerk 2 pumped-storage hydropower plant n Montafon,
ustria.

Philippines' DOE approves 200-MW Aklan pumped-storage plant

03/13/2014 The Philippine Department of Energy has approved a proposal from the Strategic Power Development Corp. for a 200 MW pumped-storage hydropower project in Aklan.

Developer files FERC application for pumped-storage/solar power project

02/26/2014 Green Energy Storage Corp. applied Feb. 24 at the Federal Energy Regulatory Commission for a preliminary permit for the proposed Sacaton Pumped-Storage Project in

Arizona, which would include both hydroelectric and solar power elements

FERC cancels permit for 1,000-MW Don Pedro Pumped-Storage project

0211712014 The Federal Energy Regulatory Commission has canceled the preliminary permit of a Symbiotics LLC affiate o study development of the 1,000-MW Don Pedro Pumpod-

Storage project on California's Tuolumne Rive

Hydro Holdings LLC completes acquisition of T hydropower projects

02/14/2014 FirstEnergy Corp. has completed the sale of 11 hydropower projects to Harbor Hydro Holdings LLC, the Ohio-based power distributor said.

Scottish Power mulls expansion to Cruachan pumped-storage hydropower plant

02/13/2014 European utility Scottish Power is considering a major expansion of its 440-MW Ben Cruachan pumped-storage hydroelectric plant.

Voith to outfit two Austrian pumped-storage hydropower projects

02/12/2014 Utility company Vorarlberger lllwerke AG has awarded contracts to Voith Hydro to equip two pumped-storage hydropower projects in Montafon, Austria.

Swan Lake pumped-storage project stillin development

02/06/2014 Development of the proposed 1,000-MW Swan Lake North pumped-storage hydropower project is moving forward and still on target for a 2020 completion date.

Prev123456789 10 Next
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> Bat the most effective way at main goal in Hydro
Business is to improve characteristics of existing
HPP-s.

> As an example first revitalization and
reconstruction of the largest HPP in Serbia and
in Montenegro are presented.

> Main requirements in reconstruction of the
hydrounits are

(if possible),
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Description of the system
» The HPP has been planned and designed as a high-
head run-of-the-river hydropower plant, in combination
with three upper storages and two channels.

HPP “PERUCICA”, MONTENEGRO, case Il

> The Perucica HPP is located in the central part of Montenegro

> The system makes use of the energy potential of the Zeta River (catchment
area 850 km?), gross head 550 m.

> The HPP has been designed for eight generating units, but only seven were
constructed in the first phase, with a total installed capacity of 307 MW.
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HPP “PERUCICA”
MONTENEGRO

14 Pelton turbines 7 units P=245 (305) MW

Penstock 1 ®2.2-1.8 m, L=1851 m Penstock 2 ®2.2-2.1 m, L=1833 m Penstock 3 ®2.65-2.5 m, L=1930 m

Head 500- 530 m Head 500- 530 m

HPP “Perucica” Montenegro

Longitudinal section through
the intake, headrace tunnel,
surge tank and valve
chamber.

Longitudinal section through the
surge tank, the lowest reach of
the headrace tunnel,
trifurcation, and valve chamber

Plan view of the lowest
reach of the headrace
tunnel, trifurcation, valve
chamber and penstocks.
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> At the entrance to the poweMW§e Ay SEstocks branch into
manifolds for the generating units.

> All seven existing generating units consist of horizontal axis
generators.

> The turbines are of the Pelton type, with two runners per generating
unit, located on either side of the generator.

> Each turbine has a separate turbine pit and a short tailrace tunnel to
the tailrace collector tunnel_and from there a tailrace canal to the
confluence with the Lower Zeta River.

[EMININ
RN

After on-site
Measurements
from 1998
Power output
was increased
to 260 MW and
later on even to
295 MW
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Load rejection
of one unit from
produced
higher stresses and
pressures of
than from
Total output of
A ISR SN A S s s s~ 256 MW 645 m.

New Methodology and Measurement locations, 2010

> Power intake
o Water levels upstream and downstream of the trash rack
o Vortex formation at the entrance to the power intake

> Surge tank
o Water level

> Penstocks

Pressures at the upstream ends of the penstocks, at the Povija valve
chamber, and at the downstream ends of the penstocks, in the powerhouse.

Discharges
Displacement of Penstock 3 relative to the concrete block at two locations:
near Foundation TS and at the expansion joint of Foundation T8

« Stresses at Penstock 3 manifolds and branches (both static and dynamic)
> Generating units

« Pressures, needle and deflector positions, rotating speed/overspeed, power at
the generator outlet and vibrations

> Turbine pits
o Water levels in 4b and 6b turbine pits
> Tailrace system
o Water levels in the tailrace system and clogging in the tailrace tunnel
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Power intake and Surge tank

max water level
ISPRED RESETKE

630.0m asl Y
=
=
TERMONETAR !
et L

crest level

¥ 428.0 m asl
0-120

é120mast

v 611.0masl

¥ weir crest
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604.0m asl

578.0m asl
_ ¥srsomast

0=4om EE “8m |

Water level measurem

t upstream of power intake.

Measurement of surge tank water levels by radar.

/s

Valve chamber.

Non? o i
el

Pressure measurement at upstream end of penstock.

Penstock discharge measurement point.

ANHC

188

Operberte MalMHCKNX HaykKa



360pHKK NpenaBaka ogpxaHux y nepuogy 2011-2015.

Measurement of displacement in X, Y direction at T5.

I
- 3 : i Ii i

Measurement of stresses using 3-axial rosette gauges. Measurement of stresses at Penstock 3.

Generating units

Hh

Needle opening and deflector position measurement at Generating Unit 6

Sensors for vibration measurement
at Generating Units 1-4
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Turbine pits

Water level measurement in turbine pit.

Installation of measurement equipment in turbine pit.

17.1.2. Water Level in Tailrace tunnel
and canal (Downstream, S2,N

17.2. Clogging in Tailrace tunnel

and canal (Water Level)

Outlet " Tailrace tunnel

17.1.3 Water level at the end of tailrace canal (M5)

Tailrace cannal
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Measurements overview

Time HPP power * Scenario description
(Mw) 9

IS 22.06.2010  10:00-12:00 260 Steady state
IS 22.06.2010  16:00-18:00 200 Steady state
I 22.06.2010  18:00-20:00 280 Steady state
I 24.06.2010  11:00-13:00 280 Steady state
I 24.06.2010  13:00-15:00 290 Steady state
I 24.06.2010  18:00-20:00 307 Steady state

UNSTEADY STATE

MEASUREMENTS$ HPP power *
Scenario Date i (MwW) (%) Scenario description
start end start end

24.06.2010 E 305 140 99 47 Normal power decrease
25.06.2010 8 266 305 87 99 Normal power increase
25.06.2010 E 235 305 77 Normal power increase

25.06.2010 E 195 305 64 Normal power increase

L
e
L
v
“ 25.06.2010 3 305 235 99 Normal power decrease
v |
v
v |
v

26.06.2010 g 245 80 Quick shutdown
26.06.2010 3 285 93 Quick shutdown
26.06.2010 g 305 99 Quick shutdown
26.06.2010 3 80 26 Quick shutdown

Measurement results

uring the measurem nt cam the water leve |n
I%e com t|o Pas?n d(l;(? gt Sigescend\% ﬁow 60
|ca eve or air suctlon

,Under uch fondlﬂons the system functioned
relatively well in all regimes.

»>No problem was observed at:
« Water level fluctuations in the surge tank
Pressure fluctuations in the valve chamber
Pressures in the penstocks
Displacements of Penstock 3
The tailrace tunnel functioned as a conduit with a free water surface,
without any air pockets or clogging.

> But, attention needs to be made at:

Generating units - rotating speed/overspeed
Generating units - vibrations
Turbine pits — significant pressure fluctuations
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Vortex formation in front of the trash rack

Clogging in the tailrace tunnel
Water Air mixing during transient regime U8
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Unit No 6 and penstock 3

HPP Perucica
Quick shutdown - 305 MW to 0 MW

26.06.2010. N Power unit A6 1
b —— ]

130

5|||l|
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Pressure and stresses, penstock 3

HPP Perucica
Quick shutdown from P=305MW - U8
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Stresses at Penstock 3 manifold and branches

> The maximal stresses were measured at points:
o 17-T8:
0, ¢=294 MPa (steady state regime at the power of 200 MW)
(quick shutdown from the power of 285 MW)
o R1 (T1-T2-T3):
0, = 284 MPa (steady state regime of HPP at the power of 280 MW)
(quick shutdown from the power of 285 MW)

3500

o200
S=3¢

P1 cross section P2 cross section

i

> The maximum stresses were observed (already) during the quick
shutdown from the power of 285 MW!

> Almost the equal values (299 MPa at T7-T8) were observed during the
quick shutdown from the power of 80 MW

STRESSES AT THE MANIFOLD DURING LOAD REJECTIONS

#R1

[ [}
ATT-TS
mTH-TL0

2
H

ETL1T12
#T13T14

&
H

Stresses o1 (MPa)

WT15T16
~TL7-T18

T15-T20

Power (MW)
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Generating units - rotating speed/overspeed
> Transient turbine overspeed:

« Generating unit 6:

It will be necessary to reduce the deflector closing
time.

« Generating units: 5 (An=122.8%) and 7 (An= 126%)

> In order to synchronize the operation of the units, it is
necessary to adjust the needle closing time to about 80
s, from a fully open to a fully closed position.

« Generating units 3 and 5 - the closing time has to be
extended

« Generating unit 6 — the closing time has to be
shortened

Conclusions

> The measurement campaign was considered a success, as it
rO\kgldt%d valuable information with regard to the data required
or both:

« calibration of the mathematical model (Microsoft Office
Access Database), and

« insight into the operation of particular parts of the system.

> Regardless of the maximum power at which the HPP will
operate, it is necessary to:

« Keep the water levels upstream from the intake structure
above the critical level of 603 m a.s.I.

« Clean the trash rack regularly.

« Resolve the problem of insufficient strain capacity of the
Penstock 3 bifurcation, which is equally jeopardized even at
an output of 285 MW.

« Calibrate the regulators of some turbines to ensure
tolerable overspeed.
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Main Conclusions

> Revitalization of the governing system
allow increase of total power output from
245 (290) to 305 MW !

Revitalization and

2004
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6+6=12 x 174 (200) MW

I Hneto=17.5 + 34.06 m
D=9.5m!!!
N =72 min™

fﬁ ~ Qi=800 m3/s =800 t/s !

Before the revitalization
CAM Characteristics of the
Turbine were cecked by
on-site measurements

guide vane opening [mn1]

efficiency [%6]

300 400 500 600 700 800 900
Ofm'/s]

Efficiencies at broken-off combination with envelope curve
defining optimal values
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Prof. Gajic

in the spiral case of
HPP “Iron Gate 1”
near by stay vane No5
height of 3580 mm.

Date 1997-11-21

Stay vane No.1
not modificated
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Stay vane No 12  SG15, SG 14 SG 13

Dynamic

stresses for = Before
the three

measuring

points in time

and frequency

domain

before and
after the
modification
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Pejovic S., Krsmanovic Lj., Gajic A., Obradovic D., Kaplan Turbine
Incidents and Reverse Waterhammer, Water Power and Dam
Construction, 1980, pp. 36-40.

Gajic A., Kaplan Turbine incidents due to Reverse
Waterhammer and Mathematical Model Conirmed by the Field
Tests, Invited paper, Int. Symp. On Aerospace and Fluid
Science, Sendai 1993,pp.741-766

Gajic A., Pejovic S., Ivljanin B., Reverse Waterhammer - Case

Studies, Proceedings of the International Conference on CSHS03,
Belgrade, 2003

HPP “KAHOVSKAJA”

Turbine cross section

Power or rotation 51.8 MW
Rated head 13.8 m

Speed of rotation 62.6 rpm

Runner diametar 8.0m
Maximal output 58.5 MW

Head at max. output 16.5 m

Suction head 1.9m
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Layout of broken parts after accident

3

’//‘«////7//5’/0

7 JN!.“’(I..u!eH-JIn’-‘uJ:r..r“r_

(4) damaged vane; (5) ckaked vane; (6) parts of guide

vanes; (7) broken runner blades; (8) pins of runner blades;
; (11) broken stay vane; (12) the blade that remained of the runner (13) bolt

Kaplan turbine accident

Runner blade broken

LINE oF
\ERACTURE §>

. PART OF BLADE
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HPP Iron Gate I: a) Load rejection from 160 MW to the idle run
b) quick closure and turbine stoppage from 90 MW.
Measured results full lines,

Computed results broken lines

LOAD REJECTION FROM 195 MW

In Fig.(a) line 1 represents piezometric
pressure in spiral casing - ASC (m), line 2
piezometric pressure behind the stay
vanes —ASV(m), line 3 piezometric
pressure on the turbine head cover AHC
(m) and line 4 piezometric pressure in the
draft tube — ADT (m).

Main unit characteristics are shown in
Fig.(b) line 1 shows power output of the
generator 2 (MW), line 2 differential
pressure in spiral casing for discharge
measurements (Winter Kennedy method)
W-K (mmHg), line 3 represents relative
rotational speed 17 (%) and line 4 axial
thrust of the rotating parts /a (MN).
Servomotor strokes are shown in Fig. (c)
line 1 shows servomotor stroke of the
guide vanes - GVSS (mm), line 2 runner
blade angle — RBA( 0 ), line 3 position of
auxiliary servomotor for the runner blades
ASRB (mm) and line 4 position of
auxiliary servomotor for the guide vanes
ASGV (mm).

One of the new on site measurements
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Sayano-Shushenskaya HPP — 2009 August 17

Sump Tank

~

=i erosshgé" =

-

Unit 2

Proceedings of the XXlst IAHR Symposium on Hydraulic Machinery
and Systems, September 9 - 12, 2002, Lausanne

A CASE STUDY IN RESONANT HYDROELASTIC
VIBRATION: THE CAUSES OF RUNNER CRACKS AND
THE SOLUTIONS IMPLEMENTED FOR THE

> The XLD project is a multi purpose project built
on the Yellow River in China. The head of the
project varies from 68 meters minimum to 141
meters at its maximum. There are 6 turbine
generators at the site rotating at 107.14 rpm
designed to produce 330 MW each.
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Xiao Lang Di project viewed
from downstream of the dam.

Cracks on XLD turbine runner blades on Unit 6
at first inspection

> at around 70 meters head, the

first to operate turbine at the project was taken out of operation for a routine
inspection.

4 '_|-":I_,--

S
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Acqission system

» The machine was stopped to download the data,
and then restarted to operate overnight at speed
no load (SNL), unsynchronized to the grid so
that the generator that had become damp
because of the long down time during blade
repair could be dried out prior to synchronizing

to the grid and further operation.
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Proceedings of the XXIst IAHR Symposium on Hydraulic Machinery and
Systems, September 9 - 12, 2002, Lausanne

STRESSES OF KAPLAN TURBINE RUNNER
BLADE DURING TRANSIENTS

> Kaplan turbines in HPP “Djerdap I” have been in
operation over 30 years and the start and volume of their
refurbishment is very important.

-duration of turbine operation in reference steady and
unsteady operating regimes, as well as the number of
transient processes

- in the
most loaded blade areas under reference operating
regimes;

- fatigue properties (dynamic strength) of blades
material obtained by tests in a corrosive environment
(water flow) on samples that have dimensions
corresponding to blade thickness under symmetric load
cycle, with sufficient number of cycles till 1010; and

- volume of repair overlaying welds, i.e. volume of
additionally inflicted material during the repair of
cavitation and other damages which can result in
reduction of service life.
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Layout of strain gauges on the runner blade

Due to runner rotation and blade

angles changing during the operation optical system
, one from the data
acquisition system on the runner blade to the

transmitter on the runner hub and the other from the
transmitter to stationary part of transmission system

situated out of the turbine. Optical system was bi-
directional with transmission of the command signal
in one direction and transmission of digitised data in

other direction.
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electonic

CMD_OUT Ill_ 1/12 CIRCUMFERENCE
\.\. T ) 1] T

AT I

STATIONARY

CMD_ouT

Scheme of measuring, data acquisition and data transmission

Capsule and transmitter installation on the blade
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Optical sensors on the runner hub and inner head cover
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As an illustration left Fig.
shows measured signal and
amplitude — frequency
characteristics of dynamic
stress on the measuring
point MP12 (central radius)
at 180 MW turbine power,
28.3m net head.

Measured signal in time and frequency domain
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This diagram shows
double amplitudes of
dynamic stresses (peak-to-
peak) at the same
measuring points,
4,5,11,12 also in the
function of discharge.

Dynamic stresses on the blade v.s. flow at 28.3 m net head

BLADE STRESS MEASURING
RESULTS - TRANSIENT REGIMES

During a start-up, idle run, shutdown and load rejection
the largest dynamic stresses were obtained, in the
measuring point 12. The maximum obtained values of
mean stresses and stress amplitude are given in Table 1.

Operation mode
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CONCLUSIONS

The increase of tail water level, due to construction of the second stage of
HPP “lIron Gate II”, allows an increase in the opening of the guide vanes and
runner blades with no great changes the maximum values of runaways,
axial hydraulic thrust and capacity of the governing system for which the
turbine was designed.

It was determined that the value of mean stresses on the runner blade
depends very little on the change of turbine output at the same net head.

An analysis of possibilities for power increase has
shown that

CONCLUSIONS

> Obtained data about the consumed and residual service
life of the runner blades enable the hydro-turbine user to
define optimum term of the reconstruction.

per unit.
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AKafeMuja UHXerepckux Hayka Cpbuje, 23.Anpu 014.

YOBEK TTOL1 BUBPALINTAMA
MOTOPHUX BO3UIA-PELLABA
TIPOBINNEMA

MHUPOCNAB [OEMMUT

Axanemuk Akaaemuje TpaHcnoprta PE
Axanemuk Akaaemuje ksanuteta P2
PeposHu unaH Akanemmnje mHxerepckux Hayka Cpbuje,
penosHU unaH HayuHor apywrea Cpbuje u

A Eepo-MeauTtepaHcke akanemmuje ymetHOCTH U
Hayka

Yosek noa subpauujama

- OCHOBHU MO JMOBU

=y
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MEXAHWYKE BMEPALIMTE KOTMMA
YOBEK U3NOXEH TOKOM CBOT PALOH
KMBOTHOT BEKA M3A3MBAJY OLWITERE

KOLWTAHO-MUWMTHHOT TKMBA,
TIPOZECUOHATNHA OBOJbEHA (H TIP.
OWTEREHA KMYMEHOT CTYBA, "BENE
TIPCTE" M CN.).

OHE ¢y, JEONHO, KOPUCHE TOKOM
HAOOKHAOE KATTUNTYMA KOO
KOCMOHAYTA TTOCINE OYXEI BOPABKA

BECTEXMHCKOM CTAMY.

Y 3ABUCHOCTM O] MECTA
OENOBAMA PA3NMUMKYJEMO:

1. BUBPALIMJTE LIENOT TENA
(CEOMWTE, TTOOA UM CN.) U

2.JTOKANNHE BUBPALUMNTE (PYKE,
HOTE...).

=y
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METOLOE 3A NCTPAXMBAHE YTULIA
BUBPALIMTA HA HOBEKA:

1. OBJEKTUBHE (MEOMLIMHCKE:
TTPOMEHA CACTABA YPNHA, KPBU,
PEAKLUMNTA U CI1.) TOKOM U3NAT AHbA
HYOBEKA BUBPALIMTAMA,

4@‘

2. CYBJEKTUBHE (MHXEHEPCKE),

3. KOMBUHOBAHE (TTOCMATPARE
YOBNYATEHUX CBAKOOHEBHWMX
AKTUBHOCTW YOBEKA: TTELLAYEHE

HTIP)W

4. TTPEHOLWERE BUBPALINT A KPO3
TENO.

f‘@‘
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MEHYHAPOOHA OPTAHN3ALINTA 3A
CTAHOAPOE (ISO) Y OYXEM
BPEMEHCKOM TTEPUOOY PAON HA
OESNHNCARY KPUTEPUTYMA U3TTAT AHbA
BUBPALIMTAMA, TTPEKO TEXHWYKOT
KOMUTETA ISO TC108.

4@‘

3601 TOT'A CE, PAOU
UNYCTPALUWNJE, OAJE
TTPUKA3 KOOPONHATHWX
CUCTEMA KOJE
TTPETTOPYYYJE TTOMEHYTA
OPTAHN3ALINTA.

49‘
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NCO koopauHaTHu
cuTemu

NCO, TIPETEXHO,
KOPUCTEM PE3YNTATE
OOBUNJEHE
NHXEHEPCKHUM
METOOAMA 'Y
NABOPATOPUJCKUM
YCITOBUMA-HA
TTYTI3ATOPUMA.

49‘
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LLlema ago-ocHor nynsatopa

— —4H Tovyak ynpasgreaya
| }/r/d Cegnure
| Mnardopra

‘IIT

HEM DMC 90124

CHCTEM 3a

AYTOMATCKY 0Dpany
nojaraka YnpaBmaykM

CHCTEM

Moryhu nonoxaju aasava ybp3sarba Ha
Teny UCNUTAaHUKa
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TTPEHOLWLERE
BUBPALINJ A KPO3
HYOBEKOBO TEJIO

Af_a‘

Hznaz(jw)
Viaz(jow) /
Amnaumyoa( jw) = \/ Re(Ilpenoc(jw))* + Im(Ipenoc(jw))

Ilpenoc(jw) =

Im(Z/Iperoc(jw)

Daza(jw) = Arct
(o) gRe(HpeHOC( j)

=

49‘
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TTpeHOoCHa pyHKUMa rnaea
ceAaviTe NopA AejCTBOM
cnyJvajHux subpaumja

Demic,M., Lukic, J.,Milic, Z.: Some aspects of the investigation of
random vibration influence on ride comfort, Journal of Sound and
Vibration, (2002), 253 (1), pp. 109-129.
Demic, M., Lukic, J.: Investigation of the transmission of fore and aft
vibration trough the human body, Applied Ergonomics XXX (2008), 1-8.
Demic,M.: Lukic, J.: Human Under Two-Directional Random Vibration,
Joyanal of Low Frequency Noice, Vibration and Active Control, Vol. 27,
! pp. 185-201.
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Tlonoxaj Tena Jleo tena TIpasan PesonanTna  (pekpenija,
Hz
Hore X 16-31
Jlexehn Koneno X 4-8
Cromaxk X 4-8
Tpyan X 6-12
Jlobama X 50-70
Hora y 0.8-3
Cromak y 0.8-4
I'nasa y 0.6-4
Hora z 1-3
Cromak z 1.5-3
InaBa z 1-4
Koneno X 1-3
Crojehn Pamena X 12
T'nasa X 1-2
Teno Teno z 4-7
Tpyn z 3-6
Cenehn Tpymu z 4-6
D Kuuma z 35
Pamena z 2-6
Kemynan z 4-7
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3AMOP HYOBEKA TT1O[1
OEJCTBOM
BUBPALINT A

49‘

METOJE KOJE CE, HAJYELURE, KOPA
TTIPU UICTTMTUBARBUMA Y TTABOPATOP
Y3 KOPULLITREHE TTYJNNI3ATOPA:

1. METOOA TITIMBAJYHE PEQEPEHTHE
YYECTAHOCTU U

2. METOA TIPOLEHE BPEMEHA OO
TTOTABE 3AMOPA TTOQ AEJCTBOM
BUBPALINTA.

OY3OAHWJA, OPYTA METOQOA, J
PAKCU HALLIA WWAPY TTIPUMEHY.
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EdektuBHa y6p3atba, m/s2
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2
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3amop 4Yoseka noa
AeJCTBOM CAlyua jHUX
Bubpauu ja

Demic,M., Lukic, J.,Milic, Z.: Some aspects of the
investigation of random vibration influence on ride comfort,
grral of Sound and Vibration, (2002), 253 (1), pp. 109-129.
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OCLINNTATOPHA %i
YOBHOCT
BO3UNA Y
CAOBPARATHUM
. YCNOBMMA
PAON MNYCTPALUWMJIE, x
OENMMMUNYHO CY TIPUKA3AHE
CTBAPHE BMBPAUMJIE NAKOT
KAMHUOHA

3ACTABA 49H, PETUCTPOBAHE
Y TTYTHUM YCINTOBUMA
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TTonoxaju pasava
ybp3arba
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BpemeHcke cepu je-
unycTpauuja
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BepTukanHa ybp3arba, aobap acepant, 6pEHa
70 km/h, ontepeheHo Bo3uno
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TTPAKTHUYHO
PELLABARE
TTPOBJIEMA

BUBPALINTA Y
MOTOPHUM
BO3UITMMA
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OCHOBMU
ONTUMANHOI
NMPOJEKTOBAHA
CEO

MOTOPHUX
BO3UJIA

4@‘

MnycTpaunja: i

Moaen AMCKpeTWU30BaHOor
MEXaHWYKOI cucTeMa onucyje, y
HajonwTujem obnuky,
AvndepeHujanHa jeaHavYnHa:

Z=2(Z,AU,LQ,t)
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rae cy:

v 2 — BEKTOP reHepafMcaHnx KoopauHaTa h
OCUHMAATOPHO CUCTEMA,

v A — BEKTOP OCUMAATOPHKUX Napamerapa
CUCTeMa,

v £/ — BEKTOP ynpasmadyknx gyHKUKja,

v (J— BpemeHcKa gyHKuMja nobyae (o4, MUKpo-
HepeBHWHA MNyTa, paja MoTopa,
HeyPaBHOTEKEHMX Maca, HEYHMPOPMHOCTH
nHeyMaThKa 1 Ch.).

A

v L — PYHKUM]A KOja y3uMa ¥ ob3up cayyajiy
NPoMeHy KapakTepuoTUKa oCcUuMAaTopHUX
napaMerapa, y TOKY eKcnnoartauuje Bo3una 1 &

v - Bpeme.

Onwre pewewe BeKTOPCLKe audepeHunjanye
jellHaulHe ce MOoXKe HanucaTh y obnuky:

Z =/Z(AU,L,t)
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A

JeAHOCTABHWIK CAyUa) e Kaaa He NOoCcToju
PYHKLMja ynpaBmatbka ({=0) n Kajga ce He i
y3uMa y 0D31p NpoMeHa oCunnaTopHUX
napamerapa, y TOKY eKcnnoartauuje Bo3una
(Z=0), 1j:

7 =7(A 0

EnemMeHTapHM NpUCTyn
ONTUMU3ALUUJU OCLUNATOPHUX
napameTapa MOTOPHUX BO3una
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> HOCManaHI/I Moz4es1 BO3uJsia

mz+kz+cz=hkz,+cz,

Z :Z(m,c,k,v,ZO,t)

Linrs je MuHMMUM3aunja epekTMBHE BpeaHOCTH
Cry4ajHux ocumnaTopHux ybpsana Bo3una .

min ['z’eﬂ (c,k)]

(z—zo)zﬁ, <d*
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- :]'ia)4 (cz+k2a)2)A0(a))dw
v 0 (cz—ma)2 )2 + ko’

S :°° mo' 4, () p
(= O)eﬁ '([(cz—ma)z)2+kza)2 v
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oL
oC ok 04

Y onwTeMm crniyyajy Huje moryhe napadvyHartm
Yy KOHa4YHOM OOIuKy BENUYUHE C, k 1 A.
OBakaB nocTtynak onTuMmnsauuje je Kpajibe
HenpuMeHsrbMB y Criydajy mogerna Bo3una ca
BYLLIE NapameTapa, na ce y ToM cny4yajy
KopucTe apyre, npuknagHvje metoge
HennHeapHor nporpammpansa.

OCHOBM CTOXAaCTUYKe
napameTtapcke
onTuMusauuje

P
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TOKOM pa3mMaTpara C/IOXKeHUNX
HeJIMHeapHUX, OCLLUIATOPHUX CUCTEMA
BO3UNa, PYHKUMjA LK/bA U OFpPaHNYEHA
Hajuewhe HUCY y onwTeM 0OMKY
No3HaTu, jep ce HpopMaLmja o kbuma
Aobuja pewaBareM CUCTeEMA
AndepeHunjanHNX jeaHaYNHa
HyMepuykumMm Metogama. lpu cnyvyajHum
nobyaama u cnydyajHMM NOYETHUM
yC/10BMMaQ, (pyHKLMja L/ba U

orpaHuyera ce Aobujajy y obnmky Hmu3a
ajHMXx bpojeBa nam npoueca.

Y TOKY NpojekTOoBaHa BO3UNa, peasHo
ce MOXe yTUUATU Ha OCLMUIaTOpHe
napameTpe BO3MNAA gaTe BeKTOpoM A,
na ce y Uuupy HbMXOBOI ONTUMAJIHOT
n3bopa napameTtapa dopmupa
dyHKUMja unba y 0b6NUKY:

©(A)= M, {J (x.4)}

P
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» rae cy:

» M, - MaTeMaTuU4yko O4YeKMBaHE U
» J(X, A) - yHanpep n3abpaHu dyHKLMOHAN.

» ¥ npouecy cTtoxacTuyke napameTtapcke
onTMMu3auuje orpaHmyera ce Mory
AedunHucatn dyHkUMjama obnuka:

H (A)=M {h(x,4)}=0
H(A)=M {h(x,4)}<0

P

Obnuk dpyHkunja A,(A) n A(A) y dasu
onTUMKU3aunje He Mopa buTn yHanpezs,
MO3Har.

Y cnyyajy ontumMmilauyuje ynpassbaka
OCLLMNATOPHUM CUCTEMOM, UCTU Ce
pewasa Ha Taj HAYNH WTO ce pyHKLUMja
yrnpas/batba NOCMaTpa Kao nocebaH
OCLMIATOPHU NapamMeTap cucrema.

P
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Hekun og Mmoryhux 3agataka Koju ce Mory
CpecTu y npouecy ontummnsauuje
OCLMNATOPHUX napameTapa MOTOPHUX
BO3ua Cy:

» AICTOBPEMEHO MUHNUMU3UNPAHE n/vnu
MaKCUMUN3NPAHE je.u.He Win sumuuie
reHepaimcCaHnXx KoopamHata "
HNXO0BUX N3B044d,

P

» NICTOBPEMEHO MUHUMU3NPAHE N/ NN
MaKCMMU3NpPpaHe reHepasiMCaHUX KoopauHarta
N HBUXOBUX U3BOLA, CM1A, MOMEHATa N APYrnx
(P M3NYKNX BeIMYMHA HA NpUMep BpeMeHa
Tpajartba 043UBA Ha yaapHe Bubpauuje,

» AeduHncarbe napameTtapa cucrtema ca yHanpen
3a4aTUM OrpaHunyerbeM y noraeny nosoxaja
Pe30HAHTHMUX Y4eCTAaHOCTN HeroBux
noacucrema,

» NOeHTU@dUKaymMja Heno3HaTUX OCLMUNATOPHUX
napameTapa cucrtema u cii.
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Teopujckn A0 Kpaja HUje pelleH
npobnemMm onTnumMmu3sauunje y ciyyajy aa
NOCTOjUN BULLE LU/beBA KOje Tpeba
3a/10BO/bUTU, BULLE BeIMYMNHA KOje
Tpeba NCTOBPEMEHO MUHUMU3UPATH
n/nnn makcumusnpaTtm. O63npom Ha
MOMEHYTY YNtbeHULY, OBaj Npobnem ce
y Npakcu pewaBa n3bopom yHKLMje
Luba y 0bnuky:

- (I)(x) = girqu.

roe cy:

b I; — TEXXUHCKU KoeduumjeHTH Koju oapehyjy
pPaHr yTuuaja nojeauHUX napumjaiHmx uubesa
(reHepanucaHe KoopAuMHaTe, Cuie, MOMEHTHU, U
cn.),

» g; — B&JIMYMHA KOja Ce MUHUMU3Npa (3HaK + )
MM Makcmmmanpa (3Hak - ). BenmumHa q;
NPakTUYHO MOXe buTn 6UNo Koja reHepanmcaHa
KoOpAWHATa UK HbeH N3BOA N0 BpeMeHy, cuna,
MOMEHT,... M360p BennMumnHe q; y Nnpakcu 3aBUCK
0, KOHKpeTHOr npobnema Koju ce peluasa.

P
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Y TOKY peluaBara npobnema
napameTapcke onTMMm3aLmje Koz,
MOTOPHUX BO3WJIa MOTY Ce CPpecTu
pa3nNunTa orpaHnYeHa:

» MOFYhHOCT KOHCTPYKTUBHOTI U3BOhema
ca acnekTa rabapurta (MUH - Max),

» pa3gBajarbe Pe30HAHTHMUX Tayaka
OCLMNATOPHUX NOACUCTEMA BO3UNA,

» pa3aBajalbe pe30HaHTHUX Tayaka

yoBeyunjer Tena o4, Pe3OHAHTHUX

Ka OCLMNATOPHUX noacucrema

» 33/10BO/baBatb€ €ProHOMCKMX 3aXTeBa,
Ha NnpumMmep oapeheHe Kpuee 3amopa,
yaobHocCTu, u TA.

NMpobneM KOHCTPYKTUBHUX U APYFUX
orpaHun4yera pellasa ce NPUMeHOM
CMoJballtbUX Ka3HEeHUX (pyHKUM]ja, A
Kpaj npoLeca onTuMmusaumje
AedUHUCAH je yHanpen 3a4aTuMm
KPpUTEPUjyMOM, Y 3aBUCHOCTU OL

npuMerbeHe MeToAe HeJIMHeapHor
npamba.

AVHC 245 Operbere MalUMHCKUX Hayka




360pHUK Npefasansa ogpxaHux y nepuogy 2011-2015.

3aZaTak ce pewasa NpUMeHOM padyHapa, a
HeroB 6710k Anjarpam je npukasaH Ha CIULLN.

MoueTtak

v
Metopa 3a
onTuMmu3aumjy

MNpomeHrbnBe<
orpaHuyera
Oa
Ycnos
3aBpLueTka
[a

DdyHKunja yurba=1 d°

®yHKUMja
unba

i

Mopgen

[NPUMEP

Demic, M.:

Optimization of vehicles elasto-
damping elements characteristics
from the aspect of ride comfort (1994)
Vehicle System Dynamics 23 (5), pp.
351-370

P
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Mopaen Bo3aua

Mobyne
3 ¥
Bo3ay |- D IlB Bo3uno
g y

(1-0,5¢,p)(1+T,p)1+ T, p)
(1+0,5¢, p)1+ 2y, T, p+ T, p* )1+ 2w, T, p + T, p*)

H(p)=k

» TAe Cy:

» H(p) - NnpeHoCHa (pyHKLMja BO3auya y TOKY
NPAaBOJIMHUNjCKE BOXHbeE,

»p=iw

» | — UMArnHapHa jeamHuua,

» W — KPY)KHA Y4eCTaHOCT ),

» t, — Bpeme peakuuje Bo3aua,

» Tg, Ty, T, n T3 - BpeMeHcke KOHCTaHTe (Tabena 2.1),

QHCTaHTE Ynje cy BpeAHOCTU MOo3HaTe.
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Moaen so3una

» OCHOBHO KpeTame g(1),

» BOUHO KpeTare g(2),

» BepTUKanHe Bubpauuje g(3),

» Basbarbe g(4),

» ranonupame g(5),

» BUjyrarbe kapocepuje g(6),

» BepTUKanHe Bmbpauunje ToukoBa g(7) g(10),

» BepTUKaNHe BUbpaumje ceamwTa Bo3adya g(11) u

» pagnjasHa, HoOpManaHa 1 TaHreHumMjanHa ybp3ama
TOYKa yrnpae/baya , U PeCneKTUBHO.
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KOOpJJ.I/IHaTHVI cncreMu

‘PE
/((‘\\\\v,(,
<

KapakTepuctuyHe Tauke

£ AX,, Y, N,

AL

D(X,,Y,.Z;)
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JIuneapnu | KBazparan

Ky6nu

IIpenma onpyra

X(1)

0

X(2)

3aama onpyra

X3)

0

X@

[penwu
ITHECYMATHK -
BEPTUKAJTHA
npasarit

X(5)

X(6)

X(7)

Baamu
[HEYMATHK -
BEPTUKIIAHU
TpaBail

X(8)

X(9)

X(10)

Mpenmn
cTabunuszarop

X(11) 0

[penwu
MHEYMATHK-
0GouHH mpaarg

X(16) 0

Baamu
[THEYMATHK-
60[ |H1 mpaBarg

X(17) 0

[penwu u
3a1mu

TIHCYMAaTHK-
MOMECHT
crabuimsanuje

X(18) 0

cTyde

X(19) 0

X(20)

Jluneapuu

Ksanparuu

ITpenmu amoptusep

X(12)

X(13)

3almu aMmopTU3ep

X(14)

X(15)

Jactyue cenuiura

X(21)
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Kapaktepuctuke nobyne og nyrta

1
L~ /3
o

\
- | A -

10° b=
-1

ANV

1
P
//
e
s

AMnnutyge, m

N

02 10 40

- TanacHa gy:XMHa, m
W

Cune 1 MOMEHTUN Y XOPU3OHTANIHOj PaBHMU

Fyl 1 Fy21
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Cune y BepTUKaA/IHOj paBHU

b T Rw \Y;
G m G - —
Flr g [ LC F51Fs z
R < <y <
f21-Rf22—€'}— Rei1, Ry Fo

Ve Ve /7//’//7,'—‘
1

41 | 42

2 Zoo

P

L

dyHKUMja LKIba

D=1 {ﬁ{[Z k() gD +1Da@(NOT +D k()T +

Dk (NPT + Dk ()T +1,(0 0, + Ty + 610 +0)

» Iy, FL,—TEXUHCKN KoeduLmnjeHTU Koju oapehyjy
paHr yTuuaja nojeAUHUX BeNnYMHaA N CBOAE
NX Ha UCTe AnmeHsnje. OnTuMmsayuja je
BpLUeHa ca ABe rpyne oBMX KoeduumjeHata un
TOo: r=211000ar,=1u 1, yume je pat Behu
yTuuaj Bubpaumnjama Hero AMHaAMUYKUM

eakuunjama Tna,
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» f- cpente BPpeAHOCTU TePLL—OKTABHUX
yyeCcTaHoCTH,
» M- 6poj xapMoHuKa (y HaweM caydajy 25y
nutepsany 0.315 - 63 Hz),
0,(ij=1,2)-cTaHpapaHa OACTYNnara HOPMaNHUX
AVHAMUYKNX peakumnja Tna, a
K, (f) n K,(f) cy fakTopn oceT/mnmBoCTM YoBeKa 3a
BepTMKA/ZIHe BubpaLMje ceanwTa U pyky; Kako cy
K,(f) n K,(f) pefuHncann y dpekBeHTHOM AOMeHY,
HeoOnXxoZAHOo je Aa ce cBa ybp3ara koja purypuuy y
pyHKUNjN LKUBA NpUMeHOM Pypujeose
TpaHchopmauunje npeseny y ppekBeHTHU LOMEH.

v

v

Ynopenne BpeqHOCTH (IIpe ¥ TOCJIe ONTUMHU3AIIH]E)
bp3una Bo3zuna 30 m/s
[ToueTtne Onrtumainze
BPEIHOCTH BPEITHOCTH
Bepr. yop3.cen. 1,911e+0 4,339¢-1
Bouna yop3. Tex. 3,450e-1 2,877e-1
Tanr. yop3. Tod. yop. 7,319¢e-2 6,528e-2
Pan. yop3. Tou. ymp. 3,782e-1 3,729¢-1
bouno yOp3. Tou. ymp. 9,392¢-1 8,810e-1
Crang. oncr. Z,, 1,569e+2 1,469e+2
Crang. oncr. Z,, 8,323et+2 7,263e+2
Crang. oncr. Z,, 2,248e+2 2,143e+2
.z, 8,196e+2 6,962¢+2
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OcTBapeHe pe30HaHTHE YYECTaHOCTH

Jactyue cennmra |2 Hz

Kapocepuja
(rrpaBarr)

- BepTuKaJH | 1,8 Hz

- GOYHU 2,2 Hz
ToukoBu

- HIpeIbH 15,2 Hz

- 3aImbu 18 Hz

P

» HAMMOMUKE CE A CE KOA KNTACNYHUX CEO
MOT'Y OCTBAPUTU CAMO CYBOMNTUMAJIHE
BPEAHOCTU OCUUNNATOPHUNX TTAPAMETAPA-
3A Y3AH ONJATNA30H EKCITJTOATALMNOHUX
YCJ10BA.

» MPNXBATJ/bUBWJE PELLEHE CE MOXE
NOCTUHN KOPUWHEHEM MNMOJYAKTUBHUX N
AKTBHUX CEO. OBAE hE BUTW PEYN CAMO O
AKTUBHUM CUCTEMUNMA.

P
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TVBHW CEO CE BA3SUPAJY HA
NAUNJIN CUNE Y OTNPYTAMA,

EMU NMPUMERY HAJIA3E KOL
AJHOBUINX TTYTHUHKKNX
OMOBWITIA BUCOKE KJIACE.

UMEP

ic, M., Demic, I., Demic, M.,
genski, D.:

nethod of vehicle active suspension
Sign (2006) Forschung im
Prgenieurwesen/Engineering Research
(3), pp. 145-158

AVHC 255 Operbene MalMHCKNX Hayka



360pHUK Npefasansa ogpxaHux y nepuogy 2011-2015.

Z=(QEN]-K[1])/m,
@ = (QE[2]- K[2])/(I, cos® @+ 21 sin” 0)
0 =(QE[31-K[3))/1,

Z,, = (QE[4]-K[4])/ m,,

Z,, = (QE[5]-K[5])/m,,

z,, = (QE[6]-K[6])/m,,

Z,, =(QE[T]-K[7])/m,,

K[1]=0

K[2]=2(I, —1,)@0sin O cos O
K[31=(,—-1,)¢’ sinfcosd
K[4]=0

K[5]=0

K[6]=0

K[7]1=0
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OHN|=—Fy, +Foy +F, +F,, )oospoosO-mg

OH21=(E, ~F, )5, cospeas O+(F, ~F, )5, s peos )

OH3]=(F, —F;)acos O+(F,, —F,)s singsinO—(F, +F; )boos O+
HE, ~F,)s,singsing

OH4])=—F, + I, cos poosd

OHS|=—F; +F; cosgpoos &

OH6]=—F,, +F,, cospos &

OHT|=—F,, +F,, coseosd

=

Ffr

Vehicle

el2_
frl - e:16 Actuat.
e

Decoupling

-
=

IR e !
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360pHKK NpenaBaka ogpxaHux y nepuogy 2011-2015.

—cqpet —cget —cqped —cqed Jr
=| s,cc0 —s,cqcd s,cc0 —s,cqcd I
acO—s;sps0  acO+ssgsl  —bcO—s,5¢50  —bcO+s,5¢50 j:”
[ b (s> +5,")sps0 +5,LcO 1]
- Lepc 2L(s; > +5,7 )epc’O 2LcO
b (s> +5,7)ss0 —s,LcO 1
B - Legpct 2L(s > +5,")epc’0 2LcO /.
- a (s> +5,")s¢s0 —s,LcO 1 o
- Lcoc - 2L(s +5,")epc’0 2Ll Jo
a (s> +5,")ss0 + 5,LcO 1
- Legpcd - 2L(s; > +5,7)epc’O 2Lco i

el =9, -9

e2 = elx[l]

e3 =6, -0

ed4 = e3x[2]

€S =z, ~ 2

e6 = e3x[2]

S, =e2- x[6]p
fo = ed4 - x[5]0
f.=e5- x[4]:z
el = f,

e8 = f,

e9 = [,

el = f,

ell =e7 - x[7T]A = x[8]A,,

el2 = e8 - x[9]A = x[10]A ,,

el3 =

eld = el0 - x[13]A n— x[14]4 ,
el5 =ell-F,

el6 = el2 - F,

el7 = el3 - F,

el8 =eld - F,

v = x[24]el5 + x[25] el5dr+ x[26]

o= x[18]e16+ x[22]f el6dr+ x[23]

o= x[241e17 + x[19]] el 7dr+ x[20] —
dt

= x[15]e18 + x[16]f el 8dr+ x[17]

€9 — x[11]1A p— x[12]A

del$5
dt

del 6
dt

del7

del 8
di
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XAl frrlrr

pa Va
Accumulator P

A

dpl,x —a Qx - Qi,x - Ac,x (Az - Zu,x)

de,x —

dt v, + AC’X (A*x — Z”)

dt Vo

Qix +(Acx _Acrx)(At _Zux)
-« > 5 > *« 5
- (Ac,s - Acr,s )(A x Zu, )

X

. ’ 2
Qi,x = AO,xkl,xSlgn(pl,x - pZ,x) ;|pl,x - px

2
Qx = Av,xkv,xxv,x \/;|paStep(xv,x) - pl,x

x=fl, fr,rl,rr

F;c = Ac,xpl,x - (Ac,x - Acr,x)pZ,x
x=fl, fr,rl,rr
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10702 T

100 /

10704

Efektivha vrednost amplitude, m
\
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Talasna duZina, m
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e St ]
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Table 1. Basic data on the observed vehicle model and active suspension system

Sprung mass, m, kg 1500
Front wheel mass, m,, kg 59
Rear wheel mass, m,,, kg 59
Moment of inertia, /,, kgm? 750
Moment of inertia, /,, kgm? 2160
Moment of inertia, /,, kgm? 2160
Wheelbase, L, m 3.1
C.G. position, a/b, - 1.4/1.7
* Linear coefficient of tire stiffness, c,,, N/m 190000
* Square coefficient of tire stiffness, c,,, Nm2 1900000
* Cube coefficient of tire stiffness, c,;, Nm- 19000000
Desired vehicle height, z,,, m 0.5
Sprung mass desired roll, ¢,,, rad 0
Sprung mass desired pitch, €, rad 0
Characteristic vehicle velocity, v, ms™! 30

*For front and rear tires

X[i] X[i]=10000 X[i]=20000 X[i]=5000

1, Nr'! 1.3428702548087E+004 | 2.6857405096174E+004 | 6.7143512740437E+003
2,Nr! 1.5891404599341E+004 | 3.1782809198683E+004 | 7.9457022996709E+003
3, Nm* 1.8747622662877E+004 | 4.3020059639150E+004 | 1.0064413120613E+004
4, Nsnr'! 9.7919632319989E+004 | 9.9804663707078E+004 | 9.9909265506468E+004
5, Nsr! 1.4558814312791E+004 | 2.9117628625582E+004 | 7.2794071563957E+003
6, Nsr! 2.3220367072858E+004 | 4.6440734145716E+004 | 1.1610183536429E+004
7, Nsm! 2.0418899351178E+002 | 1.9952785375001E+001 | 1.0209449675589E+002
8, Nm'! 1.6140127597645E+004 | 3.9648408312466E+004 | 8.0700637988229E+003
9, Nsm! 2.6590386918431E+004 | 4.0737983648039E+004 | 1.3295193459215E+004
10, Nm™! 1.0393744375235E+004 | 2.0787488750469E+004 | 5.1968721876174E+003
11, Nsm! | 2.5736444511568E+004 | 5.1472889023136E+004 | 1.2868222255784E+004
12, Nm'! 1.7158095347334E+004 | 3.4316190694668E+004 | 8.5790476736671E+003
13, Nsm! | 2.5977678749565E+004 | 5.1955357499131E+004 | 1.2988839374782E+004
14, Nm'! 1.6659333989112E+004 | 3.3318667978225E+004 | 8.3296669945563E+003
15,N 1.6752336922905E+004 | 3.3504673845811E+004 | 8.3761684614529E+003
16,N 2.5687516853360E+004 | 5.1375033706720E+004 | 1.2843758426680E+004
17,N 1.7936414796929E+004 | 3.5872829593859E+004 | 8.9682073984648E+003
18,N 2.4234368496844E+004 | 4.8468736993688E+004 | 1.2117184248422E+004
19,N 2.5237676258063E+004 | 5.0475352516127E+004 | 1.2618838129031E+004
20,N 1.7753708247341E+004 | 3.5507416494683E+004 | 8.8768541236708E+003
21N 1.3236776983091E+004 | 2.6473553966183E+004 | 6.6183884915458E+003
22,N 2.5459626730720E+004 | 5.0919253461441E+004 | 1.2729813365360E+004
23,N 1.9422572371743E+004 | 3.8845144743486E+004 | 1.2538057897394E+004
24,N 1.9573734014263E+004 | 3.9147468028527E+004 | 9.7868670071318E+003
25N 1.5546684654831E+004 | 3.1093369309662E+004 | 7.7733423274157E+003
26,N 2.0039502690931E+004 [ 4.0079005381868E+004 | 1.0019751345465E+004
NIT.- 12194 12557 11938

@@ @ | 1.1131E+005 1.1129E+005 1.1128E+005
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1.00E-0114
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Transfer function [ -
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1,50E-014

1,00E-014

5,00E-015 4

0,00E+000 4

Roll body vibration, rad

-5,00E-015 4

-1,00E-014 4

8,00E-015 -

6,00E-015

4,00E-015 4

rad

2,00E-015 4

0,00E+000 -

Pitch body vibration

-2,00E-015 4 |

-4,00E-015 4

Time, s
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0,2+

0,04 -

024

044

06

03

Front left wheel vertical vibration, cm

NMOCHE NPEOABAHA........
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%@' Yuusepsurer y beorpany
MamuHcky (pakyJarer
Oncek 3a cucremMe HaOpyKamba

Mepeme epMKACHOCTH BOjHUX
TEXHOJIOTHja U MOJIEPHUX BOjHHUX
opraHusanuja

Mpod ap Momunno MunmHoBuh
VYuusepsuter y beorpany
Mamuncku ®axynrer beorpan,

Kareznpa 3a CuctemMe Haopyxama
HpEllaBarba ANHC Kpasbuue Mapuje 16,11000beorpaz

email: mmilinovic@mas.bg.ac.rs
24.06.2015. g

Pa3Bojua mocraska W IIUJBEBU

CIIOCOBHOCTHU
JCKE 1 HOBE VJIO
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[IlTa je mpecyIHO Jia ce BojcKa cMaTpa
YCICUTHOM ¥ e(h)UKaCHOM —TeHEPAITHO

XUIIOTE3E KAO MOI'YhY OA'OBOPU

1-IIpecy1HU MOJTUTHYKH 3HAYA] yCIICIIHE
oa0paHe je HHTepareHIujCKH
MEBYHAPOJIHU U JOMARU
HPHCTyH Pozicle u odno na redne slivove

[ Pt s b 8 e
1) Freseevert e, e, e

2-TexHoJI0IIKA ONPEMJ/bEHOCT CBHX
YMHMJIALA oaA0paHe CYIITHHCKHU oapelyje
O0BO NMHTAaH-€ a He CAMO BeJIMYMHA IPKABe U

Hanuje & s O
R i T

’—?{? :.:LV>\.

N D
VIS

3apaum Bojcke

1 BOPBEHE YIJIOlE vy ocHosu, ceoge ce Ha MOPAS HenpujaTterba
yJfora Koje Bojcka u3BpLUaBa NpuHya0M
D3& | —cnoco6HocTHN
OUCINOKALUMJA, YHULUTEHWE, BE3UHTEFPALUJA N U3ONMALNJA

2 YJIOTE CTABUITINSALUNJE U OOPXXABAHA MUPA

CCIS- cnocobHoCTUN

1.NMPUHYOA koja kopuCTu BOjHY Cuily pagu yCriocTaBrbakba KOHTposie u
ofBpahana Henpujaterba o4 akuuje.

2. YIIPABJbAHSE paau ycrnoctaBrbakba UMBUIHON MOpeTKa LUTO NogpasyMeBa

3alUTUTY FpaHvLe, NyTeBa, OCETIbUBUX MOMoXaja 1 CANYHO.

3.YTUNLAJ Ha chopmurpar-e CTaBOBa M MULLIbEHA LMBUHOI CTAHOBHULUTBA KPO3
MHOPMAaLMOHO aHra)xoBake NprCyCTBO U CNpoBONere akuyja obaBeluTaBama .

4. MOAPLUKA ycnocTaBrbamy U jadyaky yCroBa HEONMXOAHWX 3a hopMuparsa
OPKaBHUX U 3aKOHOAABHVIX UHCTPYMEHaTa LMBUITHOT APYLUTBA 1 YHKUMOHMCaHa
HaLuuoHarHe BracTu.

3 @®YHKUNJA UNBUITHE SALUTUTE

CEH- cnocobHocTH
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CaBpemMeHe BojHe cHare -lpernea-NMuraka

[Ba pasnuunta anu ypaBHOTeXXeHa NPUHLMMNA onwTe BOjHe
opraHusauuje HuKaga paHuje Hucy 6uMna TONMKO UCTaKHYTa Kao
y AaHallke Bpeme.
Cca OCHOBHMUM LUibeBMMa Aa WTuTe ApXXaBHY TepuTopujy unu/v
Aa byay ynotpebrbeHe y pasnuiMTuM KpM3HUM onepaumjama.
ca OCHOBHMM LiUSbeM Aa XUTHO 1
6p30 MHTepBEHULLY y 30HU OAFOBOPHOCTU 6e3 063upa Ha
TepuTopMjanHu NpMHUMN U Aa 6yay oapxuse oarosapajyhe
BpeMe y Liurby 3aliTuTe HauMOHarHUX anu v 3apyXeHux
MehjyHapoaHuX uHTepeca

nocneauue

UHTEPOMNMEPABUITHOCT

HALIMOHAITHA OMNMEPABUITHOCT — UHTPAOTNEPABUITHOCT
MWHTEPBUOOBCKA 30PYXXEHA EOUKACHOCT

yMpeaycnoBu uHTEp U UHTPa-onepadbUHoCTH

KOHIEIT MPEKHO- HEHTPUYHOI' PATOBAIBA

[ Pa—
i

Ba:;,qyxonnoacr

<@
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Mpeaycnosu

*YTBPAUTHU HOBE
OYHKIMJE U HABUBE 3A
JEAUHCTBO OIEPAIIMJA

*VTBPJIUTH %" .
KPUTEPUJYME K‘}“
3A BPEJHOBABE
OIIEPALIJA

VHTepBUOOBCKM KOHLIENT pata
Y Kkome yyecTBYjY

(// T

KOlNnmHeHn
e e
BasOyXOIIOBHN

MOPHapUYKK
[locTaBma nuTame Kakas je

[ pynHW KORLENT BaTpeHe Mohm
RS
i) S

7. e 3L_1py>+<eHO
/ wie - HOJHO MOSLE

6arfB —
aHy MeTHo.
N A

JenuncTBeHOM TpeTupamwy nojMa BarpeHe mohu KoB u PB.
JenuHCTBY KpUTEepHjyMa, 1 HOpMaTHBa YHOTpeOe Ba3IyXOIIOBHE U KOITHEHE

MYHHUIIH]€.

JenuncTBeHOM mopehermy ehrKacHOCTH AgjcTaBa, U3 Ba3/lyxa U ca Korua

JenuHCTBY HauMHA AenoBama jenuaniia KoB-a u PB —a
32 KOITHEHY BaTPeHY MOJAPILKY.

KOonHeHu’
Ba3dyXOMOBHH

W 7% 18% ENIIN 1% TR 2%

r‘ Ta.]; -
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¢OBJEKTU CUMYJIAIMJE CUCTEMA OABPAHE

N MEPEBE EOUKACHOCTU KIIACHYHUM
MNOCTYIIIINMA

BOPBEHE INVIAT®OPME

WHTEJUTEHTHA
MYAULAJA
JIEJCTBO HA IWBY
PAKETE

CEﬁ30PM

//
V74

Onepaunonn Moaeau u
MaTeMaTHKa MOAeAupamka 00ja i %
010paMOEHUX TEXHOJIOTH]a S 10JIEJIMMA

eHajBa:kHuju napamerpu y Mojeauma 0oja

KoedmumjeHT ecpbekTuBHE Gp3uHe rahawa a, OAHOCHO

CHare cynpoTcTaBrbeHe y 60jy 0AHOCHO 6p0oj Unu KONMYMHA y4eCHMKA
6utke M H = Mu, Mn

PenaTtuBHe cHare HakOH HEKOr NnocMaTpaHor BpeMmeHa ofa yYeCHUKa y
OOHOCY Ha no4yeTHe cHare

KoedmunjeHT HagMORHOCTM cynpTCTaB/LEHUX CHara Kao O4HOC CHare u
TexHonoruje 6op6e

penaTMBHO BpemMe Tpajawa 60ja

CTBapHO BpemMe Tpajawa 60ja T 1 nopeherwe ca penatTuBHUM
PenatuBHuM ryéuTtum cHara Meljyco6Ho 3apaheHux nocmaTpaHux rpyna
BepoBaTtHohe rahama I

BepoBaTtHohe cTawa ry6urtaka jeauHuue n (M, H, ....)

MapameTpu pa3HUX orpaHMyerba jeauHuLA U HaopyXXakba UCKasaHu
06MYHO KpO3 cCMakeH-e BepoBaTHoha HenopemMeheHux cTawa U ycrnosa.
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JETEPMUHUCTHYKO
MOJIEJINPAIBE

OJHOCA CHATAY TOKYHN [W§
HA KPAJY BOJA dt

=_MP *Olp dMP =_MC ‘(X.C

OIIIITH - TAHKACTEPOB MOJEJI

1. 1O5PO IPUITPEMJbEH BOJ a. N2
JUPEKTHO I'ABAIBE n= ¢0 = Os / L= C—Cz

2. HEHNPUITPEMJbEH BOJ HHIUPEKTHO T'A -N

3. MEHIOBUTO I'ABAIBE
TJIABHU LIWJb MOJEJUPAILA OAPEIUTH U 2 _
MPOLEHUTH OJJHOC KOE®UIIMJEHTA ¢0 — f ( ,Ll B ,Ll R )
HAIMORHOCTH ®H1 UJIM TYBUTAKA TICH >
IPEMA PEJTATUBHOM OJTHOCY CHATA

CYKOBJbEHUX JEJUHUIIA MU
BEPOBATHOCTHMU MOJIEJIA — S

MAPKOBJbEBH dP, (1) dpy (1)
T P () k-oc|—

ac
ap

=By, ()10

Pesyarar je BepoBaTHoha y BpemeHy niin Ha
HHTEPBAJIy KOja IHPEKTHO HCKAa3yje KBaJuTeT
TeXHOJIOTHje 0Py Kja i MyHHIIHje a Y 1a/beM
HaCTaBKy MoJAe/IHpamba v TeXH(]J'lOl'llj)' npumnpeme
BaTpe aKo ce YCBOjH MoJjeiHaKo kopumheme

JbY/ACKOL 1 npralmsam

N360p HaopyxaHwa U KOHLeNT AMHaMuke rahjamwa
MeRhycobHo opabpaHnx nnatcopmm

=
—
i s

MapameTpum rahama:

*AOMET '\ U
*60p6eHa Op3nHa rafatkba = M opyha OlCmax N3abpaHo opyxje Ha

OlPmax KonHeHoj unu
*I'pewka noroaka Ha AomeTy BasaywHoj nnatcopmm
3a cBako nojeguHa4Ho opyhe
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HOBU MATEMATHUYKHA
MOJEJIH 3A
IMPOBEPY NIEP®OPMAHCH

MPEJYCJIOBHU 3A JEJUHCTBO
MMPOCTOPHOT KOMAHJIOBAIbA , ILIAHAPAIBA n
JNEJIOBAIbA

1 - JEAUHCTBO KOOPANHATA

2. JEAMHCTBO BATPEHE MORKhH

ALELRRA AN

AVHC 273 Operbene MalMHCKNX Hayka
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JEAUHCTBO KOOPJINUHATA

1. HHuTterpanHo nocMaTpame Op3uHe pearoBama U HABUTAIIMOHHUX KAPAKTePUCTHKA
MYHULMje 1 00pOeHuX miIaT¢opMu U BUXOBHX Ipemiaka oapelhyje ykynny egpukacnoct
ynorpedoM,TaKkohe jeJMHCTBEHOT KOOPAHMHATHOL CHCTEMA. Y HbeMy MePEeHO HCTH OKOJIHI
IPOCTOPHHU U BPEMEHCKH IIapaMeTpH M3a3UBajy HCTOPOAHE THIIOBE IPELIAKA HCKA3AHUY
HA jeJUHCTBEH U Mehyco0HO ynopeauB HauMH.

Sv= %rvsinL r,v)

71 JEAMHCTBO BATPEHE MORU

eBarpena moh
| eKBUBAJICHTHE jeIMHHILIE

[’”—2}@["iNT}["’”TZ}(=>[J1<=)[MWh]

)
eHeprwja BOjHe je,DMHVILI,e pa3MaTpaHoOr Tuna 3a XeJjbeHu 3ay3eTu

Unu oabpareHn NPOCTop Y XKerbeHOM BpeMeHy C
3a jeaHopoAHy dopMaumjy mo = ﬂNomhme

3a BULIEpOaHY [

CBeAeHO Ha eTarioH kanuépe ca npuaoAerbEHUM TEXUHCKUM
c¢hakTOoprMa y TOKYy cBOhjeH-a No eKCnepTCKOoj MaTuLm 3a j= +-9
CeNneKTUBHO

— TEXHHCKH ®AKTOP EKBUBAJIEHTHOI' OPYKJA U ,B 21 IB < 1
MYHULIUJE -
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YHOPEJHH OJHOC -KOE®UITNJEHT KOPEKTYPE CTEIIEHA HAJIMORHOCTH
KAO ITPBA AITPOKCUMALIMJA MOJEJIA BOJA. ®U ITYTA BMT KPO3 BM
OIIEHA TEXHOJIOIIKU EKBUBAJIEHTHE BATPEHE MORHU

TEXHOJI A BOPHBEHUX IUIAPT®OPM U
YINOTPEBOM CEKTOPCKE BP3UHE

CEKTOPCKA
BP3MHA
KPETAIBA MO
TEPEHY

VJEAUEHA OIIEHA EKBUBAJIEHTHE BATPEHE MORIL=
CHATE B M IIBO 1 KOB 3
3/IPYKEHU KPUTEPHJYM EKBUBAJIEHTHE BATPEHE MORH
KOB 1 PB

e 3AXTEBA HOBY OPITAHU3ALIUJY OENNOBA BOJCKE Ha 6a3u

KPO3 OTBOPEHE CTPYKTYPE
opraHusoBaHe og MABUX BOJHUX JEOAUHULIA KAO ENTOBA UIMU

LIEJNTUHE

o

INFORMATION INTELIGENCE
AND CIVIL LINKS
ELEMENT

COMPANY
BG 200++
Commander 51
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HOBHM H3A30B U JOITPUHOCH

HOBU KPUTEPUJYM JEJIMHCTBEHE OIEHE EOUKACHOCTHU
TEXHOJIOI'MJE U BOJHE OPI'TAHU3AILINJE

[HIIINR
AN

1 ecdhukacHo 6ojeBo AenoBamse,
2 ynpaBrbake U KOMaHAOBaHe 1
3 echmkacHy 3awTUTy M 06e3befemse.
A --BaTpeHux MoryhHOCTH Haopyxaka 1 MyHuuuje,

OAHOCHO,
B - 6op6eHnx MoryhHOCTHM jeAnHMLA KOje ca hbuMa
chopmaumcku pacnonaxy.

DOPAKTAJIHA MOJEJI 3A OHEHY E@PUKACHOCTHU BOJHUX JEJJMHUIIA CA MOJYJIAPHUM

OPAKTAJIH BEPOBATHOCHU MOJEJI ©OPMUPABA
MOAYIJIAPHUX JEJUHUITA 3A PA3JIMUYUTE OITEPALIUIE

1 1

o) Cory)
EE)E MY [INE ()], T

(X)) E(Xy) THE‘(X"»
E(X) 1-E(Xy)

AVHC 276 Operbene MalMHCKNX Hayka



360pHUK Npefasansa ogpxaHux y nepuogy 2011-2015.

MHTEPOINIEPABUJIHU MOJEJI BOPBEHE

'#M nogynapHoCT 6opOeHNX CHara | reyne vkynmo 236 byau

KOMANDIR BG R LINTR7 N LIRS

Oficira - 2 Vojnika —16
1. KOMANDNI VOD i

INZ.ODELJENJ: 'ii£- 4
Oficira— 0 AL A 3
i =7

Voj nikaL il

2.VoD 3.VoD 4 vop . !
ZASTITNI Moto- VOUNE POLICIJE T on
Strelja~ki ATJ ILI SPEC SNAGA INFORMACOIONI GIS -
= LOGISTI*KI
—

. VOD:
‘ - - Oficira—4

w7
MOTO-STR. VOD: A

Oficira - 1 SPECIJALNI. VOD: INFO VOD. VOD:
Oficira - 1 Oficira - 1 NLOS VOD:

Vojnika —29 Oficira - 11
Vojnika 30 Voijnika 24 —
CIVILA 10 Vojnika -19
T

OTBOPEHE CTPYKTYPE MAHKMX BOJHUX MOOYJTAPHUX CHAIA 3A 34PYXEHE
3AOATKE BOJCKE U TO D3& I, CCIS, n CEH kpo3 pasnuynte crnocoOHOCTH

e CBe OBO yNTUMaTUBHO YCNOBIbaBa Pa3Boj 3APYKEHUX ,

Yyewhe 30PY)XXEHUX BOJHUX CHAT A ca Apyrum HaopyXaHuUM U
HeHaopyXaHUM LUBUITHAUM y4YeCHULIMMA U HbBUXOBMM OpPraHU3oBaHUM
CHarama, Kao LUTo cy:

UMBUJTHA 3alHTUTA
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YeTHU 6opbeHU TM 3a BMLLUEHaMeEHCKe onepauuje

2.
NHbopmaTtneHn
LeHTap 3a
aHanusy u
dyavjy
nogaraka

4. NOCPEOHA NOOPLLUKA
] BOJHE CHATE

‘ 5. IOMUCTUYKA
' MOAPLUKA-
23 MELLIOBUTE CHATE

3. CHare 3a
LOUPEKTHO
aHaraxoBambe
LMBUNHE-BOjHE

INOPEBEILE BOJHUX JEJJUHHUIIA

Sv | km’

o= Sv | km?
(VMT)| MWh

o (VMT) {MWh}
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AT'PEI'ATHA EHEPI' UJA
MAHEBPA u OJIBPAHE

Poziciie u odnos na edne sivos

MT )sor > (VMT )iz [ hom?
(VMT) (MT) Sv=—rvsinl] (r,v)[k’;:}

(VMT)cor < (VMT )iz

KOJIMKO KoIITa

“ B S OIIIITU IIOKA3BATEJb CHATE
Crneuuuuna IIAHAPaHA S BNV B OJHE JEJTHULE

JEAUHCTBO KOOPAUHATA

Cnenupuuna ynorped;pupa U OIEHA TEXHOJIOIIKA
EKBUBAJIEHTHE BATPEHE MOhH

IIITA JE HAJBA’KHUJE U 3AIITO

HAjBAKHUJU NPABIU 32 BPeIHOBaH€ TEXHOJIONIKE
oa0pamMOeHe CIIOCOOHOCTH BOjCKe CY: ?7C

e 1. CteneH MoaepHu3aLmje KOMaHAHO-
MHdopmaLUuoHOr cuctema

e 2. CteneH caBpeMeHOCTU AoMahUX TaKTUYKMX
TeXHOosornja MyHuumje, Haopyxara n BojHe
onpemMe A0 HUBOA NPELU3HOCTU U echMKACHOCTU Ha
uuby

e 3. MOOMIIHOCT M aruNHOCT jeAUHMULA Ha OpakbeHOM
TPOAMMEH3UOHANHOM MPOCTOpPY ca
¢prnekcMounHMmM opraHn3aLumMoHMM Mmoaenuma

npobaeMn MehyHAPOAHNX BOJHO-TEXHOJIOIIKHX HHTErPalHja o HUBOY,
MNOYUIbLY O /I komanaHo-HHpOpMAL cTema,00pOeHux
n1aTopMu ,cBe 10 HHTeJTHIeHTHe MyHHIHje HajMaber Kainopa
(apTiibepujcke rpanare u Tona) u MoryhHocru muxose gomahe
NPOU3BO/IILe
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IHeppopmance BOJCKE

BU3UJA

O?KaTl/l CIIOCOOHOCT KOITHEHOT HaopyvKamba 41
Ba3A1VXOILJIOBHOI'

y 21. BeKY Ha HUBOY

0opOeHe pacmoJI0KUBOCTH,

onepanuja ca npei. 0Ar0BOpoM

- [Ipniaroa/bUBOCT Pa3JMYUTHM YyCJI0BUMA OopOe,
- Bop6ema skuinaBoct U 6e30eaHoCT

- Bucoke nepgopmance

- OAT'OBAPAJYRY E®UKACHOCT

e CTpyKTypHa NuTaka TEXHONorunje opyxja

e edukacHocT

e [loy3paHOCT TOKOM MPOU3BOAHE U OApXKaBakba
e [lo kpuTepujymy ueHa edp.

e nepcopmaHce

e Onuwuje HOBUX TexHororuja

e Ha HoBa opyxja

cena utrosene municije

verovatnoca — pogodka(x) verovatnoca —unistenja

cena utrosene municije + Kkolateralna steta

verovatnoca — pogodka ( x) verovatnoca — unistenja

cena utrosene municije + cena vlastitih gubitaka

verovatnoca —pogodka ( x) procenat —unistenja

__cena utrosene municije +kolateralna steta + cena.vl.gubitaka
EN —

verovatnoca — pogodka(x) verovatnoca— unistenja
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'll‘l,‘l Yuuep3urer y beorpany
MammHckn gakyarer

Ojcek 3a cucTeMe HAOPYKamkba

XBAJIA HA ITAKIBUA
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