MERANIE VIBRACII NA JEZ

Monitoring rotaénych strojov na JEZ je ddlezity z dévodu detekcie
defektov a predstavuje moderny metdédu planovania udrzby a oprav
zariadenia. Cirkulacné, napajacie Cerpadla, turbiny, motory, kompresory,
ventilatory, generatory...

Vibracie su spdsobené deformaciami, stratami rotujucich sucasti, anomalie v
rozloZzeni hmotnosti, defekty podlozZiek, lozisk, prevodov...

NajCastejSie sa pouzivaju piezoelektrické akcelerometre.

Rozdelenie snimacov vibracii :

- Pasivne snimace vibracii - mézu byt indukéné alebo kapacitné

- Aktivne snimace vibracii — elektrodynamické a piezoeletrické snimace.




MERANIE VIBRACIHI

Meranie vychylky sa da realizovat pomocou viacerych fyzikalnych
principoch a to napr.: odporové, induktivne, kapacitné, magnetické
(na principe virivych prudov), optické (laserové) ...

Na meranie rychlosti kmitania sa daju pozit senzory snimania polohy
(vychylky), ku ktorym sa na vystup pripoja elektronické obvody
zabezpecCujuce zderivovanie vystupného signalu. Druhym spésobom je
priame meranie rychlosti kmitania za pomoci elektrodynamickych a
elektromagnetickych snimacov (napr. indukénostné senzory).

Snimace na meranie zrychlenia sa nazyvaju absolutne snimace zrychlenie
alebo akcelerometre. Su schopné merat’ zrychlenie kmitavého pohybu v
Sirokom rozmedzi frekvencii. Maju velku vlastnu rezonancnu frekvenciu.

PIEZOELEKTRICKE, PIEZOREZISTIVNE
A KAPACITNE SNIMACE

Tieto akcelerometre vyuzivaju piezorezistivhy alebo piezoelektricky
material kryStalu. lde o material, ktory v zavislosti na pésobiacom zatazeni
generuje naboj alebo meni svoj elektricky odpor.

KonstrukCne su piezoelektrické akcelerometre rieSené Casto Smykovym
namahanim piezokry$talu (shear mode), menej ¢asto tradicnym tlakovym
namahanim - kompresny mod (compression mode) resp. ohybovy méd
(flexural mode).
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TYPICKE UMIESTNENIE VIBRACNYCH SENZOROV PRE VVER - 1000

Transducer
Transmitter
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& Pressure Fluctuation Transducer

g Acceleration Sensor

Transducers are voltage-output
devices that can be used with
simple signal conditioning but are
more sensitive to electromagnetic
interference. They require three or
four connecting wires to supply
power and deliver the output
signal.

Transmitters are current-output

. devices and may have two or three
Pressurizer wires. Where two wires are used to
both receive power and transmit
an output signal, significant cost
savings can be made where long
cables are needed. They are
frequently scaled to vary from 4
mA to 20 mA as the pressure
varies from minimum to maximum.
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VIBRATION AND NOISE SENSOR POSITIONS OF A FOUR-LOOP GERMAN PWR
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PRIKLAD MONITOROVACIEHO SYSTEMU HCC NA PWR ASMAS

The automatic vibration control system ASMAS is able to perform
1. Monitoring and
2. Documentation of all measured signals and results of analysis in time
and frequency domain and
3. Status checking of specified parameters which characterize the
vibrational behaviour and mechanical condition of the main coolant pumps

MCP

ASMAS analyses
Four signals per pump (shaft vibration and loop vibration)
Supervises (a) 1st, 2nd, 3rd and 4th harmonics of rotational frequency of
monitors and shaft vibration (b) Smax-value of shaft displacement (c)
Frequency related phase angle of the first four harmonics of rotational

frequency
Automatically Stores all results and data once per week (normal system

status), additionally in case of pre-alarm once per day (event system
status). Additionally in case of alarm once per hour (alarm system status)




The amplitudes of each harmonic are

PRIKLAD MONITOROVACIEHO  givenin um and are automatically
SYSTEMU HCC NA PWR ASMAS  yithin the predefined thiesholds.
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NEUTRON NOISE ANALYSIS
POWER SPECTRAL DENSITY OF EX-CORE MEASUREMENTS
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Spectral densities for all measurements are presented. In figure sharp peaks at 25 Hz and 50 Hz are visible.
These peaks are result of the primary pumps operation. Peak at 50 Hz could be also intensified by the
contamination of the signal from the outer 50 Hz power supply of the measurement system. In any case these
frequencies are not interesting for our purpose and can be neglected.

Most prominent peaks lie at 7.3 Hz, 15.2 Hz, 22.6 Hz, 36.6 Hz, 45.8 Hz and 47.6 Hz. There appear to be also
some smaller peaks of which perhaps one with the lowest frequency near 3 Hz should be mentioned.
Information available is not sufficient to accurately distinguish between beam and shell type of barrel or
thermal shield vibrations.

Comparison of frequency spectrum from periodic measurements can identify anomalous vibrations
potentially indicating unwanted changes in the reactor. An operational utility noise program can help
to successfully diagnose unwanted events in initial stage.




MERANIE UHLA NATOCENIA A OTACOK

Elektrické meracie principy:

= Optoelektrické snimace

= Odporové snimace

= Kapacitné - prevadzaju rotacny pohyb vstupnej ¢asti snimaca na posuvny
pohyb jeho citlivej asti.

= Indukénostné snimace, resolver a selsyn (synchro)

1 2 3 4 1

Konstrukéné schémy elektrického snima€a uhla natoéenia
a) s rotacnym pohybom citlivého prvku, b) s priamociarym pohybom citlivého prvku
1 — merany objekt, 2 — spojka, 3 — citlivy prvok, 4 — vstupno-vystupna c¢ast, 5 — transformacny c¢len

ODPOROVY MERAC - POTENCIOMETER ARIPOT

5 6 4 2 3 1 T




INDUKCNOSTNE SNIMACE UHLA NATOCENIA

a) snimac¢ s malou vzduchovou
medzerou,

b) snimac s malou vzduchovou
medzerou na meranie malych uhlov
(1 - primdrna cievka, 2 - snimacie cievky),

c) transformdtorovy diferencny
snimac s premenlivou plochou
vzduchovej medzery (1 - napdjacia
cievka, 2 - snimacie cievky, 3 - otdcajuca sa
cast feromagnetika, 4 - statickd cast

feromagnetika),
Un U I . o i
§//;§ '%\ (o N e) snimac¢ so stdlym magnetickym
¥ /'\ Z1 . /@‘ ob’vodz.am.a s pohybI{'vou (l:ievkou (1-
L 4 mmmm(mmmm‘ snimacia cievka, 2-budiace cievky),
@ ® ® f) polohovy transformdtor —

indukénostny snimac bez
feromagnetika (1 - otoénd cievka, 2 -

RESOLVER

Resolver je mozné pouzit jako absolutni ¢idlo polohy. Resolver ma jednofdzovy rotor a na
statoru dvé vinuti navzdjem kolma, napdjena stfidavym napétim o fazovém posunu 90°.

Tim se vytvori tocivé magnetické pole, které indukuje v rotoru napéti o stejné frekvenci, ale
fazové posunuté vici statorovému referenénimu napéti o uhel natoceni .

Vyhodnoceni polohy ¢ se ziska vyhodnocenim faze napéti u; pomoci fazového diskriminatoru.

Rotor 1 U,

Ug

u(t)f

Stator Ug,

u,, =U, sinot Uy =U_sin(of —a)




SELSYN (ALEBO SYNCHRO)

® Selsyn ma konfiguraciu s
tromi statorovymi cievkami a
jednou rotorovou cievkou.
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= Tri vystupné svorky
statorovych cievok vysielaca

y i:ﬁ " o o v st pripojené k odpovedajicim

prijimaca. Tri statorové cievky
prijimac¢a naindukuju v
rotorovej cievke prijimaca
napatie proporcionalne ku
kosinusu uhla medzi dvoma
hriadelmi.
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Ak je rotor prijimaca napajany takym istym napéatim ako rotor vysielaca, hriadefl
prijimaca sa otoCi do takej istej polohy ako rotor vysiela¢a (pretoze kons$trukcia a
prudy su take isté). Takymto spésobom sa elektricky prepoji uhol nato€enia rotora
vysielaa a uhol natocenia rotora prijimaca. Ak sa zanedbaju mechanické straty na
obidvoch hriadeloch ako aj straty vo vedeni medzi cievkami vysiela¢a a prijimaca,
uhol nato€enia hriadela rotora vysielaca odpoveda uhlu nato¢enia rotora prijimaca.
Rozdiel uhlov nato€enia obidvoch rotorov zvy&ajne nepresahuje 1,5°.

ABSOLUTNE SNIMACE S KODOVACOU SABLONOU

RozliSovacia schopnost absolutnych
snimacov uhla nato€enia je v
o porovnani s inkrementalnymi
TN ' snimaémi ovela nizSia.
‘ , V pripade osembitového
= Vi absolutneho kédovania je to len 28=

iih

" 256 kédovanych impulzov na otacku,
£ { teda priblizne 360°/256= 1,4°.
A ;iﬁg{_ a\ ws-s, Desat’bitovy Grayov kod dava
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otacku, €o znamena priblizne

{_1 219=1024 kédovacich impulzov na
—1 360°/1024=0,35".




OTACKOMERY

spojité:
* tachodynamo (klasické, unipoldrne) - vyrabaju jednosmerny prad, dmerny
otackam, budenie permanentnymi magnetmi na statore, su nutné komutatory
= tachogenerator (klasicky, Feraris) - vystup je striedavé napatie, napatie a
frekvencia su umerné otackam, magnet je na rotore, vinutie je stator
* hydraulické
* pneumatické

[ro

impulzné:
* magnetické:
" s indukovanym napatim
* s Hallovou sondou

= obtické: 1 — hriadel,
P : 2 — vystupok,
= s reflexnymi znackami (vysSie otacky) Ua 3 - detektor
= s optickymi mriezkami (nizke otacky)
= stroboskopické otackomery
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ODSTREDIVY OTACKOMER SYSTEM S OPTOVLAKNAMI
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3 SNIMAC PR

reflexné
plosky

100

* zdroj svetla je LED, emitovany tok Qe je
optovlaknom vedeny k hriadelu.

* na hriadeli sa striedaju reflexné a pohltivé
plosky

* naobr. je poloha pri max. odraze svetla
odrazeny tok @r je vedeny optovlaknom k
fotodetektoru FD

* frekvencia vyst. signalu je Umernd w a
poctu odraznych plosok na obvode

VyuZiva princip odstredivych sil. Spolu s
hriadefom sa otdca aj ram pristroja 1. V ilom su
na uhlovych pakach 2 zavesené dve zavazia 3.
Odstrediva sila zavaZia sa prenasa cez uhlové
paky a mechanicky prevod na ukazovatel 5. Na
regulaciu citlivosti pristroja sa pouZiva dvojica
pruzin 4.




OPTICKY KAPACITNY

Optoelektronicky snimac frekvencie otacania s
prerusenim optickej cesty, 1 — zdroj svetla, 2 —
kotuc, 3 — hriadel, 4 — fotoelektricky snimac

Princip kapacitného snimaca frekvencie
otacania, 1 — hriadel, 2 — kotuc, 3 — dosticka,
4 — doska kondenzatora, 5 — snimac kapacit

TACHODYNAMO TACHOGENERATOR

- ma pevny stator, tvoreny permanentnymi Vyhoda tachogeneratora oproti tachodynamu spociva v
magnetmi a vinuty rotor s komutatorom tom, Ze nema komutator. Vystupnym signdlom

- na komutator dosadaju zberné kontakty tachogeneratora je striedavé napatie. Vyuziva sa princip

- vystup je jednosmerné napétie: virivych pradov (Ferraris) s dvojfazovym vinutim na statore.

amplitida linearne zavisla od otacok Rotor je v tvare dutého valca 1 (z kovového

polarita zavisla od smeru nemagnetického materialu.

vyhody: jednoduché, citlivé, linearne a Pripojené napatie Un zo striedavej siete je zdrojom
pomerne presné budiaceho magnetického toku ®b. Otac¢anim rotora sa

nevyhody : zvinenie vyst. napatie, Sumy vytvdra magneticky tok @u , ktory v druhej ¢asti vinutia

indukuje vystupne napatie u. Jeho amplituda je Umerna
frekvencii otac¢ania rotora.

Obr. 16.6 Princip zapojenia tachodynama
1 - permanentny magnet, 2 — kotva, 3 — komutator




MAGNETOELEKTRICKE SNIMACE (HALLOVE)

Magnetoelektricky snima¢ je aktivny magneticky ‘
snimac, ¢im sa li$i od tzv. klasickych f\ - y
elektromagnetickych snimacov. 0 > |

Na rotujuci hriadel' 1 je upevneny maly permanentny k I ,
magnet 2. Hallov snimac predstavuje dosticku 3 z i

polovodica (pouZziva sa napr. Ge, InSb, InAs).
Dosticka je pripojena na zdroj konsStantného prudu
l,.. Pri rotacii hriadela sa pohybuje permanentny
magnet 2 v blizkosti Hallovho snimaca 3 a p6sobi
nan svojim magnetickym polom B. Na dosticke
magnetoelektrického snimaca nameriame Hallovo L T =!
napatie u, =k -1, - B /a, kde a je hrubka dosticky.

uy(t)

magnetické Hallova
znacky sonda

snimacia
hlava

DETEKTORY NEUTRONOVEHO ZIARENIA

Systém incore — vnutroreaktorové merania rozlozenia neutronového
pola (miniaturne Stiepne komérky a SPND detektory)

Systém excore — meranie neutronového vykonu reaktora — ionizaéné
alebo proporcionalne komory s bérom alebo stiepnym materialom
Meracie rozsahy na reaktore
= pasmo zdroja
* medzipasmo
= energetické pasmo

Detectors and detector arrangements for neutron flux instrumentation

Incore instrumentation: Excore instrumentation:
Power distribution detectors PDD and Source range (PWR)
local power range monitors LPRMs (PWR, BWR) Intermediate range (PWR)

Aeroball measurement system (PWR) Power range (PWR)

Traversing incore probe system (PWR, BWR) Wide range (PWR)




PWR REACTOR INSTRUMENTATION

CONFIGURATION OF INSTRUMENTATION LANCES
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INSTRUMENTATION LANCE AND NOZZLE ARRANGENMENT

LANCE HEAD

NOZZLE CLOSURE

Aeroball Measuring Probe (AMP) Exchange Instrumentation (ECI)
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Ball transport to waiting position

Closure Piece

AMS PROVIDES AN ASSESSMENT OF POWER
DENSITY DISTRIBUTION

* SPND calibration

* Verification of core design predictions

* Verification of core behavior over cycle burn-up

» Determination of 3D flux and power density distribution PICS

* Calibration of the 3D on-line core monitoring software system POWERTRAX/E

Measuring Table with 10 x 36 Detectors

Carrier

{2)

A

PICS Carrier
(Process Information 'h Gas
and Control System) AMS (Nitrogen)

Computer

POWERTRAX/E h

@ Irradiation

Reactor core with
40 Aeroball @Activity measurement

stacks




AMS PNEUMATIC TRANSPORTATION SYSTEM

AMS Measurement table

Sl e Solencid Ball Stop Detector Mounting Beam Array (Measurement Posit{on) >
\ I ~~ Silicon SB detectors
[ \ ) =" —ey
Waiting Position il Rest Position l I \ -
Il \ [ |
N~ |

A
Gas __| I @ __________
— Pipe »
A\ _

- Quick-Closing Valve Gas Pipe
Irradiation
Position Three Way Valve
@ Transport "Core-Beam Array” KiirngareRistar Tank

@ Transport "Beam Array-Core"
E— Carrier Gas

Reactor Core o
C—1 End Position of Ball Stack

Exhaust Gas

I Exhaust Gas

EXCORE INSTRUMENTATION

The excore instrumentation is located inside the biological concrete
shield as close as possible to the reactor vessel.

—

/ ) emctor oo Scale on right hand side enlarged
eactor bottom plug Concrete shield
Pressure — T 5 I

Vessel Aﬂ Cable line

|
|
Vessel body [——

Vessel anchor ring — "I”_r Guide tube & = 159 mm
—_— Guide roller
T Lead shielding
Core axis 11, ' '
___________ (T N Detector container chain

Excore operating position

4

Active height = 420 cm




PARAMETRE EXCORE DETEKTOROV PWR

Proportional counter tube with boron coating (92 % B-10)
Filling gas: Ar + CO, (15 %)
EEZE o= 48 mm, height = 766 mm (B-10 55.8 mm)

INC R ERIETCERIEREHE Compensated ionization chamber with B-coating (92 % B-10)

Filling gas: N, (pressure = 1 bar)

@= 50 mm, height = 670 mm

lonization chamber with B-coating (92 % B-10)
Filling gas: N, (pressure = 1 bar)

@= 50 mm, height = 670 mm

Detection reaction of thermal neutrons

OB(n, o). Li

150 ILitHe + 2,78 MeV
PB+n <
93 %

‘Li'+iHe + 2,3 MeV
}

7L 0,48 MeV

ROZSAH MERANIA

Nominal POWER [%] Neutron flux cm?s'] 11 decades
108
to be covered

107

3. Power range

109
Doppler
_______________ poler = |
1 Zero power 18
____________ hottests 103 2. Intermediate

range

|—]
10° criticality _ 1o
i Approach 100
to criticali
107 oy ty - 10
1. Source range

102




ULOHY SYSTEMU EXCORE
(MERANIA NEUTRONOVEHO TOKU)

Reactor power [%]

Task Plant /
I | | condition \
s 2 — (— ” I EEE———
16* | The power range and PDDs/LPRMs are used for monitoring reactor | I
10+ | power and power density distribution. The aeroball measurement | Power »
l system (AMS) and traversing incore probe system (TIP) are used for operation y
g T _calibration of the power range. e %
| [
107 I | |
. | |
102 | The wide range or source range is used in conjunction with the Plant |
10% | intermediate range for monitoring of controlled reactor startup. startup I
10% I | B
A
_____ o

The wide range or source range is used for monitoring the subcritical
condition of the reactor and for monitoring the approach to criticality of

Subcritical
reactor

|
|
|
| the reactor.
|
|

Power distribution detectors and local M Traversing incore probe system (TIP)
power range monitors (PDDs/LPRMs) ™ Aeroball measurement system (AMS)

Wide range M Intermediate range
M source range M Power range

PROPORTIONAL COUNTER TUBES. PULSE HEIGHT
SPECTRUM AND GAMMA DISCRIMINATION

93 % 7%
A B C D E F .
" (Li) ) (Li* + o) (Li* + o) Measured counting rate

~ Primary ionization
~ Neutron flux

Discriminator
threshhold ™~

Discriminator
voltage

Counting rate (frequency of the impulses)

Impulse height [Volts]

Detection reaction of thermal neutrons

7%
°B+n <
93 %

°B(n, o). Li

Li+iHe + 2,78 MeV
Li'+iHe + 2,3 MeV
|

Li+v+0,48 MeV
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PRINCIP KOMPENZOVANEJ IONIZACNEJ KOMORY

Chamber with
boron coating

Signal ~y +n

Signal ~ n ‘

>

>
f

Signal ~ vy

\ Chamber without boron

BORON LINED PROPORTIONAL COUNTERS

Neutron sensitivity %) Length Max operating T° Integral cable Connector
(c.s/n.cm?.s?) Ga) (mm) (°C) (mm)
CPNB25 4 25.4 394 no
CPNB48 10 25.4 560 no
CPNB45 8 25.4 678 no
CPNB44 8 48 761 200 6 HN
CPNB35 12 76.5 443 no
CPNB34 12 76.5 457.5 6
CPNB65 20 76.5 727 no
CPNB64 20 76.5 7415 6




FISSION CHAMBERS FOR OUT-OF-CORE

Neutron sensitivity %) Length Max operating T° Integral cable ~ Connector
Current mode Pulse mode (mm) (mm) (°C) (mm)
(A/n.cm?2.s7) (c.s/n.cm2s™)
CFUM11 1x10" 1x10" 254 227 250 no
CFUM18 1x10" 1x10" 254 263 250 6
CFUM21 1x10" 1x107? 254 227 250 no
CFUCO06 2x101 1 48 412 600 6+6
CFUCO07 2x10M 1 48 372 400 6+6 HN
CFULOA 2x10M" 1 48 337 250 no
CFULO8 2x101 1 48 384.5 250 6
CFUKO08 6x1071 3 60 362 250 6
CFUG08 8x 101 4 80 419 250
CFUHO8 1x 10" 4 80 410 250 6+4

Integral watertight HN connectors
Integral mineral insulated cable
Complete Inconel protection
Applications

* thermal neutron detection

* wide range reactor monitoring

» waste monitoring

FISSION CHAMBERS FOR IN-CORE USE

Neutron sensitivity (%) Length Max operating T° Integral cable ~ Connector

Current mode Pulse mode (mm) (mm) (°C) (mm)

(A/n.cm=2.s7) (c.s/n.cm?.s7)
CFUZ53 5x1018 - 1.5 50 350 1 BNC
CFUR43 3x 1018 - 3 48.5 350 1 BNC
CFUF43 1x107" - 4.7 86 350 1 BNC
CFUEB32 1x1071 1x108 150 600 6 HN
CFUE43 1x1017 - 85.5 500 3 BNC

Under severe environmental conditions:
high T° - humidity - gamma flux

Applications
+ detection of thermal neutrons in high flux
» monitoring of the reactor fuel burn up

« start-up, intermediate and power range

* flux map measurement




SIGNALOVE KABLE

Cable extensions

High-immunity mineral insulated extension cables. Options

Transmission of low level impulsional signals. * BNC connectors

Under hard environmental conditions. ¢ watertight HN connectors

Pulse or current transmission up to 20 bars external e high resistance to radiations and
pressure. electromagnetic parasitic signals
* cable insulator MgO, SiO, or ALO,

Mode Cable Connector Characteristic impedance
& (mm) insulator type insulator I
EXT-BNC current 3 MgO BNC PTFE -
EXT-HN pulse 16 MgO HN AlLO, 50

STIEPNA KOMORA S VIACNASOBNYMI
KONCENTRICKYMI STENAMI
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VYHODY STIEPNEJ IONIZACNEJ KOMORY

Fission chambers use neutron-induced fission to detect neutrons. The chamber is
usually similar in construction to that of an ionization chamber, except that the
coating material is highly enriched U235. The neutrons interact with the U235,
causing fission. One of the two fission fragments enters the chamber, while the
other fission fragment embeds itself in the chamber wall.

One advantage of using U235 coating rather than boron is that the fission
fragment has a much higher energy level than the alpha particle from a boron
reaction. Neutron-induced fission fragments produce many more ionizations in the
chamber per interaction than do the neutron induced alpha particles. This allows
the fission chambers to operate in higher gamma fields than an
uncompensated ion chamber with boron lining.

Fission chambers are often used as current indicating devices and pulse
devices simultaneously. They are especially useful as pulse chambers, due to
the very large pulse size difference between neutrons and gamma rays. Because of
the fission chamber’s dual use, it is often used in "wide range™ channels in nuclear
instrumentation systems. Fission chambers are also capable of operating over the
source and intermediate ranges of neutron levels.

UCINNY PRIEREZ INTERAKCIE NEUTRONOV
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MIKROSKOPICKE UCINNE PRIEREZY PRE
NEUTRONY
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pracovny plyn: 94% 4He+6% N,, tlak plynu 0,6 Mpa, napajanie 500 V

Radiator 1°B, hribka 1 mg/cm?, celkova plocha 1800 cm?

Platne @44,5 mm su pokryté bérom su striedavo napajané a y kompenzované
V kazdej zo 4 (rozdelené iba kvoli pevnosti) sekcii je 77 bérom pokrytych platni
a 77 nepokrytych pre kompenzaciu gama.




MERANIE KONCENTRACIE KYSELINY BORITEJ

Flow boron meter type BorAn PN160 is a
connection of flow sensor with the technological
part. It provides measurement in fluid samples of
NPP technological systems flowing through the
boron meter sensor.

Suspension boron meter type BorAn PN160-N is
used in NPP technological systems without the
need to interfere with pipelines. Measurement is
carried out directly through pipeline walls.

MGP BM 501:
Boron-lined proportional cou
Neutron source: Am-Be

(7.4 x 10*1% Bq,)

Dose rate at the contact of the
detection sub-assembly:

less than 750 pSv/h

Mochovce NPP, SK Supply of 8 units
Dukovany NPP CZ Supply of 15 units
Khmelnitskiy NPP UA Supply of 3 units
Rivne NPP UA Supply of 9 units

South Ukraine NPP UA Supply of 7 unit

Measurement Range (MR) Oto1,6g/kg 0to 50,00 g/kg
Standard Extended Less than 0,32 g/kg +0,0019 g/kg Less than 10 g/kg +0,06 g/kg
Uncertainty 0,32 to 1,6 g/kg + MR g/kg £0,6 % z MH 10 to 50 g/kg + MR g/kg 20,6 % z MH




