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e Ensimmainen oma moottor

Moottorit on nimetty sylinterih
mukaan

Esim. W31:n sylinterihalkaisija on 31

Nykyinen portfolio: W20, W26, W31,
W32, W34,, W46, W50

Rivimoottorit: 4, 6, 8 ja 9 sylinteria
V-moottori: 8, 10, 12, 14, 16, 18 ja 20 cyl.

Portfolion pienin W4L20
4x @20 cm sylinteria
Teho 740 kW
Paino 7200 kg

Suurin moottori W18V50
18 @50 cm sylinteria
Teho 19260 kW
Paino 377 000 kg (sis. gene-
raattori ja yhteinen alusta)
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VOIMALAITOKSET

* Perusvoima

* Varavoimakoneet ja -laitokset
e Liikuteltavat laitokset

picture and price estimations https://www.uspowerco.com/generator_attachments/9190-
uspe_2x10200kw_wartsila_20v32ts_hfo_diesel_genset.pdf



LAIVAT

Paamoottorit

Apumoottorit

Esim:
Kalastuslaivat
Rahtilaivat
Risteililjat
Jaanmurtajat

&

Autolautat
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Polttoaineet ja hiilineuraalius

Optimised for flexibility, functionality
and safety, Wartsila's GridSolv

“Perinteiset:” Quantum is here

RaSkaS pOItt06|jy Make Wartsild’s next generation energy storage system WaI‘tSI Ialta Ja Stenalta maa”man Suurlmmat
Kevyt polttodljy your next smart investment. hybridialukset

GridSolv Quantum introduces modular flexibility as a holistic, fully integrated

M dad ka asu system. Compact and minimalist in design, it ensures the lowest lifecycle Wértsila Corporation, Lehdistétiedote, 21 kesakuuta 2022 at 10.30 UTC+2
costs and the smallest system footprint, plus minimised scope and complexity
of EPC activities across locations and market applications.

The system comprises the following main parts:

B | o) ka asu t « Battery enclosure with pre-installed liquid cooled battery racks and all
sub-systems such as HVAC
. « AC and DC outdoor rated cabinet, which interfaces battery strings
M etan OI | with the inverter and provides an interface for auxiliary power and
communications
A mmon |a k kl . Interconnection busbars and cables
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Frequency converter
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Energy storage system
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. Renewables Y oo N i < Energy storage



VALUMATERIAALIEN JAOTTELU

_______________________________

Metallivalut

*Kevytmetallit*

*Kupariseokset*

Lyijy- ja tinaseokset

*Ni- ja Co-pohjaiset
superseokset™

Valumetallit
Terasvalut Rautavalut
*Valuterakset™ *Valuraudat*
*Rautapohjaiset*
superseokset .Sinkit
Rautametallit

' _Ei-rautametallit___|



MATERIAALIN VALINTAA OHJAAVAT

* Mekaaniset vaatimukset;
lujuus

e Lammonkesto

e Saatavuus/hinta
* Hinta

* Hinta

* Muut esim. luokitussaanoista
tulevat vaatimukset -> GJL:n
kaytto vahentynyt

Table 1 Classes of piping systems

Class 1% Class i1 ¥ Class 111%)

Piping system for

p(bar) | t(°C) p (bar) £(°c) | p(bar) | t(°C)
Steam > 16 or > 300 <16 and < 300 =7 and < 170
Thermal oil =16 or = 300 <16 and < 300 =7 and < 150
Fuel oil, lubricating oil, flammable hydraulic oil > 16 or > 150 £16 and £ 150 £7 and £ 60
Other media 2! >40 | or> 300 <40 and €300 | €16 | and< 200
P = Design pressure, as defined in Sec.9 [1.3.3]
t = Design temperature, as defined in Sec.9 [1.3.4]

1) For class IT and III piping both specified conditions shall be met, for class I piping one condition only is sufficient.

2) Cargo oil pipes on oil carniers and open ended pipes (drains, overflows, vents, boiler escape pipes, etc.),
independently of the pressure and temperature, are pertaining to dass III.

3) Cargo piping systems for flammable liquids on offshore supply vessels are pertaining to the same pipe class as fuel
oil systems.

4) Outside machinery spaces of category A, dass II piping is sufficient.

Note:

Cargo piping for chemicals or liquefied gases are not covered by the table. Requirements for these piping systems are
given in Pt.5 Ch.6 and Pt.5 Ch.7.

1.4.1 Grey cast iron shall not to be used for piping subject to pressure shock, excessive strains and
vibration.
1.4.2 Grey cast iron shall not be used for class I and II piping with the following exceptions:

— components in hydraulic piping systems where failure would not render the system inoperative or
introduce a fire risk

Rules for classification: Ships — DNVGL-RU-SHIP Pt.4 Ch.6. Edition January 2018 Page 21
Piping systems

DNV GL AS

— pump and filter housings in fuel and lubrication cil systems where the design temperature does not
exceed 120°C.

1.4.3 Grey cast iron may be used for class III piping, with the following exceptions:

— pipes and valves fitted on ship sides and bottom and on sea chests

— valves fitted on collision bulkhead

— valves under static head fitted on the external wall of fuel tanks, lub. oil tanks and tanks for other
flammable oils

— valves for fluids with temperatures in excess of 120°C.

1.5 Nodular cast iron of the ferritic type

1.5.1 Nodular cast iron of the ferritic type, with specified minimum elongation of 12%, may be used in class
II and III piping and in pipes and valves located on the ship's side and bottom and valves on the collision
bulkhead. The use of nodular cast iren in class I piping shall be subject to consideration for approval in each
case.

1.5.2 Nodular cast iron shall not be used for media having a temperature exceeding 350°C.

1.5.3 The use of noedular cast iron for media having a temperature below 0°C shall be considered in each

particular case.

e ferritic/pearlitic and pearlitic ty]

1.6 Nodular cast iron of tt

1.6.1 Nodular cast iron of the ferritic/pearlitic and pearlitic type shall be subject to the limitation of use as
grey cast iron as specified in [1.4].




MOOTTORIEN VALUT

* Valut vaihtelevat 15 grammasta 88 000 kiloon.

* Valumateriaalit:
 Pallografiittivalurauta GJS (~85%)
e Suomugrafiittivalurauta GJL (~10%)
* (valu)Alumiinit (~3%)
 (valu)Terakset (~1%)

* Valumenetelmat:
* Kasin kaavaus
* Konekaavus

e Tarkkuusvalut
» Kokillivalut (kokilli-, matalapaine- ja painevalut)

01/11/2022 [Presentation name / Author] 9



Valun suunnittelu

Lahes aina erillinen 3D-valu ja -koneistusmalli
* Valmistettavuus analyysi sisaltaen
* Valun simuloinnin ja huokosennusteen

31.3.2016




KEVYT METALLIT

* Tiheys alle 5 kg/dm?

* Valettavat kevyt metallit:
* Alumiiniseokset
* (Magnesium seokset)
* (Titaani seokset)

Kaytetaan luukuissa, yms. komponenteissa,
joissa ei ole erityisia lujuusvaatimuksia.

Tyypillisesti matalapaine- ja kokillivaluja

Al-profile

Tyypilliset materiaalt:

Alsi7Mg, Alsil0Mg, AlSi12 (EN 1706) Al-casting

Milloin?
-Hinta
-Keveys

[Presentation name / Author] 11



VALUTERAKSET

Kuumalujat terakset

* Matala seosteiset terakset
* Crnoin 1,5% ja Mo ca 0,5%

* Hyvat lujuusominaisuudet

* Hyva hitsattavuus

* Kohtuullinen valettavuus

. Gl7C_rM05—5 +QT, G17CrMo9-

4 | 7 z I-C ff

s Jusvaluissa

Ruostumattomat terakset

» Korkeasti seostettuja
* Cr12-25%, Ni 5-13% ja Mo 0,5-3%
Martensiittiset ruostumattomat terakset
* YS 500-850 MPa, UTS 700-1200 MPa
Austeniittiset ruostumattomat terakset

* Matalahko lujuus YS n. 200 MPa
 Erittain hyva korroosionkesto

Duplex terakset
* YS 300-500 MPa

* Korrosionkesto melkein yhtahyva kuin
austeniittisissa teraksissa

* GX12Cr12, GX2CrNil9-
11,GX4CrNiN26-7... EN 10283

Kalliita, kaytetaan vain kun on
ehdoton pakko

12



VALURAUDAT

e Terasmatriisi, grafiitti sulkeumat

* Luokitellaan grafiittirakenteen
mukaan

-Suomugrafiitti (harmaa) valurauta(GJL) muotoa 1
Murtolujuus150-300 MPa
Erinomainen lammojohtavuus
-Tylppagrafiittivalurauta (GJV) muotoa Il
Murtolujuus 300-500 MPa

Hyva [ammonjohtavuus

-Pallografiittivalurauta (GJS) muotoa VljaV
Murtolujuus 350-700 MPa

EN-ISO 945
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Valuraudat

Valutilaisten ja
autemperoitujen valurautojen
lammadjohtavuuksia

Useita eri tyyppisia valurautoja testattiin

Joko valutilaisina tai austemperoituina

Austemperointi on lampokasittelyprosessi, jossa
matriiSi r..J..A. P oSS - I I DIy P

o )l

®-o
\

Jalava, Kalle; Soivio, Kaisu; Laine, Jarkko; Orkas, Juhani. 2018. Elevated
temperature thermal conductivities of some as-cast and austempered
cast irons. Materials Science and Technology, volume 34, issue 3, pages
327-333. 1743-2847. DOI: 10.1080/02670836.2017.1389117
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HARMAA VALURAUTA

GJL 200 —-GJL 300

* Yleisesti ottaen halvin valumateriaali
* Erinomainen valettavuus

* Hyva koneistettavuus

e Hyvat vaimennusominaisuudet

* Hyva [ammaonjohtavuus

* Keskinkertainen lujuus, olematon
murtovenyma

e Kaytetaan kun mekaaniset
ominaisuudet riittavat, eika
luokitussaannot esta

* Vesiputket, kotelot, kanattimet kun
kappaleessa ei ole paineellista 6ljya.

15



Sylinterikansi

-
300 = 10
* Moottorin padkomponentteja 280 : 9
260 —m— makx firing I

* Mekaaninen ja terminen a0 ] —®— max boost -
kuomitustilanne = ] - S
. . o 220 R
e Esikiristys, sytyspaine g 200 ..____,,f- I g
* Lampokuormat S 180 | -— -6 =
= . gray cast iron 5 e
¢ vesijééhdytetty — 160‘_ cylinder heads ./_/ i _8
, £ 140 - - o L4 E
* Paino (valu) 100-1100 kg 2 o] P I -4 -
‘o ] - / ) i " =
* QOdotettu elininkd >10 vuotta S 100 - — ¢ ductile cast iron 3 %
= {1 = / cylinder heads i =

* Ennen suomugrafiittivalurautaa, 801 e _'2

.o . 60 - — 9
nykyaan pallografiittivalurautaa L1
40 -
S ——— Y
1960 1970 1980 1990 2000 2010 2020

year
https://www.youtube.com/watch?v=KnNX6gtDyhg
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Pallografiitti valuraudat

Lujuus riippuu paasaantoisesti
matriisirakenteesta:

1.

Perliitin maarasta

Perlitissa on rautakarbidi

(sementiitti, FeC) lamelleja Y; .
ferriittipohjalla

Perliitin maaraa voidaan
kontrolloida seosaineilla
(+Cu, +Sn, -Si)

o] ©

o o

o o
| |

700
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00

Ultimate tensile strength (MPa)

400

! 1
40 50 60 70 80 90 100
Pearlite fraction (%)
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RESEARCH

Effect of silicon and microstructure on
spheroidal graphite cast iron thermal
conductivity at elevated temperature
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Jalava, Kalle; Soivio, Kaisu; Laine, Jarkko; Orkas, Juhani. 2018. Effect of
Silicon and Microstructure on Spheroidal Graphite Cast Iron Thermal

Conductivity at Elevated Temperatures. International Journal of Metalcasting,

volume 12, issue 3, pages 480-486. 2163-3193. DOI:
10.1007/s40962-017-0184-1




RESEARCH

The mechanical
properties of ductile
iron at intermediate
temperatures

Effect of Silicon %
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Laine Jarkko, Jalava Kalle, Vaara Joona, Soivio Kaisu, Frondelius Tero,
Orkas Juhani. 2020. The mechanical properties of ductile iron at intermediate
temperatures: The effect of silicon content and pearlite fraction. International

Journal of Metalcasting, e-published 11-06-2020. DOI:
10.1007/s40962-020-00473-8
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RESEARCH Jalava, Kalle; Laine, Jarkko; Vaara, Joona; Frondelius, Tero; Orkas, Juhani.

2019. Investigation on dynamic strain aging behavior of ferriticpearlitic

ductile irons. Materials Science and Technology, volume 36, issue

Invest | gatl onNn on d ynam | C 2, pages 160-167, DOI: 10.1080/02670836.2019.1685760
strain ageing (DSA)
b e h aVi O r Of fe r rit i C_ E E:sze::tt;;?)f?eszzl;}ped at 1% elon.

pearlitic ductile Cast "Testaftesstopshi'ftecl
irons

450

Dynamic strain ageing is a hardening effect §
that occur under plastic deformation at @
elevated temperatures. Studied mainly with =
steels. v

Foundings: e

* DSA occurs at all studies strain 100
amplitudes, strain rates, temperatures
and pearlite fractions at studied 5
temperatures (250, 350°C)

. !—lot-working at DSA temperatyre 0 1 T L ONGATION (%) 3 5
improves RT strength properties
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Optimisation Laine, Jarkko; Leppénen, Anton; Jalava, Kalle; Vaara, Joona; Frondelius,

Tero; Orkas, Juhani. 2020. Ductile iron optimisation approach to mechanically
and thermally loaded components. International Journal of
Metalcasting. e-published 22-10-2020.

C F D an d F E 0 pt| m iS at | on DOI :10.1007/s40962-020-00529-9

An elastic material model was used in the finite
element calculations, the contacts being nonlinear
with friction. The plasticity correction for fatigue life

! Thermal conductivity Thermal loads from
was performed with Ramberg—0Osgood CFD-calculation
postprocessmg
| Variables:
(7 T\ 7 Si content
_|_ . Pearlite fraction . Component geometry
Calculation of
thermal balance
€ = true strain I Mechanical loads
0 = true stress Tensile strength Local
_ . _ - Yield strength temperatures
n = hardening effect and K = strenght coefficient L
Fatigue limit
(k and n were calculated based on fiatgue tests of DI with Modulus of elasticity l
2.3% Si wiht different pearlite fractions fro RT to 450°C. Ramberg-Osgood constraints

FE analysis & Expected local
h Fatigue calculation ' lifetime
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Optimisation

Optimisation of the
cylinder heads critical
areas

The most critical

1. Flame plate area

2. Cooling drilling area

3. Exhaust channel area

Based on optimization target was

1.8% silicon (lower values might come some
extra challenges)

and

targetting 50% pearlite content

Laine, Jarkko; Leppanen, Anton; Jalava, Kalle; Vaara, Joona; Frondelius,
Tero; Orkas, Juhani. 2020. Ductile iron optimisation approach to mechanica
and thermally loaded components. International Journal of
Metalcasting. e-published 22-10-2020.

DOI :10.1007/s40962-020-00529-9
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